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Foreword


The first ideas that led to Neurology in Clinical Practice (NICP) originated in Newcastle upon Tyne in the mid-1970s. Professor John Walton—now Lord Walton of Detchant, then professor of neurology and dean of the university’s medical school—and several of us on the faculty believed we should write a Newcastle neurology textbook. We decided that the first section would describe how experienced neurologists approach common neurological conditions such as headache, walking difficulty, loss of vision, and so on. The second section would deal with neurological investigations such as neurophysiology and neuroimaging. The third section would provide an introduction to related neuroscience disciplines such as neurogenetics and neuroimmunology. The fourth section would outline the principles of management of neurological conditions, and the fifth would cover all the individual neurological diseases. The textbook would be divided into two volumes, with volume I containing the first four sections and volume II the neurological diseases.


The “Newcastle textbook” never got beyond the planning stage, and in 1977 I moved to Tufts New England Medical Center. There I started the journal, Muscle and Nerve, and was its founding editor for 10 years. However, the concept of an innovative practical textbook of neurology remained at the back of my mind. The opportunity to return to this project presented itself in 1987 when a small medical publisher approached me to write a book about neurology. A multi-author textbook of the magnitude that I conceived needed at least four editors who were not only clinicians and research workers with expertise in the major neurological subspecialties, but who were also established leaders across the breadth of neurology. I approached Bob Daroff, Gerry Fenichel, and David Marsden—all giants in the field—and they agreed to join me in this project.


We chose the title, Neurology in Clinical Practice, because we wanted the book to be used not only by neurologists in training and practice but also by others whose specialties border upon neurology, such as internists and neurosurgeons. Together, Bob, Gerry, David, and I selected the authors for the 84 chapters that made up the first edition and laid out guidelines for the chapter, its content, and format. We set tough time schedules, and Bob Daroff, in particular, ensured that our authors met the deadlines. All four editors reviewed the manuscript for every submitted chapter to ensure uniformity of style and content.


During this time, the small medical publishing company was bought by Houghton Mifflin, which was then acquired by Butterworth (later Butterworth-Heinemann), which eventually became part of the Elsevier group. Nancy Megley was the publishing editor with Butterworth for the first edition. The fact that NICP was published at the end of 1990 with a 1991 copyright is proof of the support we had from our contributors and Butterworth.


We devoted a great deal of attention to the technical aspects of textbook production. For instance, we wished to have the highest quality reproduction of halftone illustrations and chose top-quality china clay paper for the book. The first edition, divided into Volume I, Principles of Diagnosis and Management, and Volume II, The Neurological Disorders, encompassed 1941 pages plus 88 pages of index and weighed 16 pounds; we may have been responsible for a number of hernias among our readers. The first edition of NICP received the Most Outstanding Book award for 1991 from the Association of American Publishers and was greeted with very favorable reviews by all the neurological journals. It soon established itself as a leading international textbook of neurology.


Wishing to keep NICP up to date, we published the second edition in 1996. We were fortunate to be joined by Susan Pioli, then director of medical publishing for Butterworth-Heinemann and later neurology publisher for Elsevier. Susan continued to work with us through the fifth edition. For the second edition, we selected a number of new authors, and the text was completely rewritten. In editing it, we embraced the digital age and went electronic with an added CD version. The five sections were merged into three: Part 1, Approach to Common Neurological Problems; Part 2, Neurological Investigations and Related Clinical Neurosciences; and Part 3, Neurological Diseases. By slightly reducing the grade of paper, we were able to produce a lighter book and accommodate much new material in 2128 pages plus a 117-page index. We also produced the Pocket Companion to Neurology in Clinical Practice, Second Edition, which was almost entirely the work of Gerry Fenichel. It became very popular with residents, who came to refer to it as “the Baby Bradley.”


For the third edition (published in 2000), besides recruiting new authors and adding new material, we persuaded Butterworth-Heinemann to publish NICP online, and it became the first major neurology textbook to be available in that format. Our initial discussions had revolved around how much material we could get onto a CD—at that time, 500 MB was the maximum capacity—but that was enough space to include only the text and not the illustrations. In the end, we leapfrogged straight into online publishing with www.expertconsult.com, thereby allowing us to add much more content, particularly videos of electroencephalograms, electromyograms, and eye movements. Tragically, we were in the final stages of production on the third edition when David Marsden died; that edition was dedicated to his memory.


For the fourth edition, published in 2004, we invited Joe Jankovic to join us in David’s place. Joe brought his expertise in movement disorders and was responsible for adding videos of these fascinating conditions to www.expertconsult.com. This unparalleled teaching tool greatly expanded the educational role of NICP. Following the publication of our fourth edition, in collaboration with Karl Misulis, we launched the Review Manual for Neurology in Clinical Practice, a book of questions and answers intended as an introduction to board examinations.


Butterworth-Heinemann completely revamped the fifth edition of NICP, published in 2008. It was printed in color with completely redrawn figures to bring it into line with standard textbook format. Again, with rigorous editing we incorporated much new material and removed out-of-date work. Despite the major explosion of knowledge in the clinical and basic neurosciences in the previous 17 years, the NICP fifth edition had expanded to only 2488 pages.


In the 22 years since the first publication of NICP, it has become the major international textbook of neurology and been translated into Spanish, Italian, Polish, and Turkish. When making academic visits to medical centers in other countries, I have found myself lauded as an editor of “the bible, Neurology in Clinical Practice.” I know that Bob Daroff, Gerry Fenichel, and Joe Jankovic have had the same experience.


When I stepped down as chair of the Neurology Department at the University of Miami in 2007, I decided it was time to move on to other interests and retire from the editorship of NICP. It had been an exciting and satisfying 20 years, and editing each new edition provided me personally with a complete neurological update course. For this, the sixth edition of NICP, my editorial colleagues and the publishers have been fortunate to persuade John Mazziotta to take my place. He brings a wealth of knowledge about the expanding field of functional imaging of the nervous system. The NICP sixth edition retains the structure of the textbook that was conceptualized nearly 40 years ago in Newcastle, but the clinical and scientific contents remain ever new. I have no doubt of the continuing success of our textbook and wish it well.




Walter G. Bradley, DM, FRCP


Professor and Chairman Emeritus
Department of Neurology
Miller School of Medicine
University of Miami
Miami, Florida












Preface


Neurology in Clinical Practice is a practical textbook of neurology that covers all the clinical neurosciences and provides not only a description of neurological diseases and their pathophysiology but also a practical approach to their diagnosis and management. In the preface to the 1991 first edition of this book, we forecasted that major technological and research advances would soon reveal the underlying cause and potential treatment of an ever-increasing number of neurological diseases.


The 20 years that have passed since that prediction have been filled with the excitement of new discoveries resulting from the blossoming of neurosciences. Clinical neuroscience has taken on the important and challenging problems of neuroprotection in both neurodegenerative disorders and acute injuries to the nervous system, such as stroke, multiple sclerosis, and trauma. In line with this effort, basic science progress in areas of neuroplasticity and neural repair are yielding important results that should translate into clinical utility in the near future. Advances in the genetics of neurological diseases have not only facilitated genetic testing but also provided important insights into the pathogenesis of diseases and helped identify potential therapeutic targets. Significant advances have taken place in the management of patients with both ischemic and hemorrhagic stroke. When the first edition of this textbook was published, there was essentially no effective means of treating acute ischemic stroke. Today we have numerous opportunities to help such patients, and a campaign has begun to educate the general public about the urgency of seeking treatment when stroke symptoms occur.


The advent of teleneurology is also beginning to provide treatment for patients who lack access to neurological specialists or whose problems are too complicated for routine management in the community. Teleneurology consults are beginning to be provided nationwide across all subspecialties of our discipline, with a particular emphasis on patients who need intraoperative monitoring, critical care neurology, and stroke interventions.


To the benefit of patients, clinical neuroscience has partnered with engineering. Neuromodulation has become an important part of clinical therapy for patients with movement disorders and has applications in pain management and seizure control. Along these same lines, brain-controlled devices will soon help provide assistance to individuals whose mobility or communication skills are compromised. Recent advances in optogenetics have led to development of techniques that allow exploration and manipulation of neural circuitry, which may have therapeutic applications in a variety of neurologic disorders.


Finally, a search for biomarkers that reliably identify a preclinical state and track progression of disease is a promising goal in many neurodegenerative disorders. Neurodegenerative disease, Alzheimer disease (AD) in particular, continues to be a worldwide crisis. The financial aspects associated with AD alone are staggering and have the capacity to bankrupt the modern world. For example, if no treatment or means to delay AD is found by 2050, the annual cost of care for such patients in the United States will exceed $1 trillion, and the 40-year interval aggregate cost will exceed $20 trillion. The costs in terms of suffering and hardship for patients and their families is too immense to quantify. As such, there is an urgent need for basic and clinical neuroscience to make progress in finding ways to delay the onset of neurodegenerative disorders and, ultimately, prevent them.


There is evidence of some startling new advances in neuroscience that are only just being considered today. The engineering of nanotechnologies into strategies to treat patients with neurological disorders is just beginning. One can envision a future that includes smart nanoimaging agents, nanopumps that can help regulate deranged circuitry on a local basis, and nanostimulators to participate in the growing field of neuromodulation. In addition, other partnerships with nanoengineers will produce sensors that can monitor not only the external condition of a patient by tracking movements, vital signs, and sleep behaviors but also internal states when such sensors are developed on a nano scale.


We still have a long way to go to reach the ultimate goal of being able to understand and treat all neurological diseases. Neurology remains an intellectually exciting discipline, both because of the complexity of the nervous system and because of the insight that the pathophysiology of neurological disease provides into the workings of the brain and mind. Accordingly, we offer the sixth edition of Neurology in Clinical Practice as the updated comprehensive and most authoritative presentation of both the art and the science of neurology.


For this edition, the text has been completely rewritten, and almost a fifth of the chapters have been prepared by authors new to the cadre of contributors. The layout of the pages has been completely redesigned to provide a user-friendly environment for accessing the material. The companion website, www.expertconsult.com, has been refined and expanded and includes video and audio material, additional illustrations and references, and chapters on key related material from other established neurology texts. It also is regularly updated with minireviews of important new publications in the neurological literature.


A work of this breadth would not have been possible without the contributions of many colleagues throughout the world. We are deeply grateful to them for their selfless devotion to neurological education. We are also grateful to our Elsevier counterparts, Lotta Kryhl, content strategist, and Lucia Gunzel, content development manager, who were key in drawing this project together. Additionally, we thank Cindy Thoms, project manager, without whose energy and efficiency the high quality of production and rapidity of publication of this work would not have been achieved. Finally, we gratefully acknowledge the contributions of our readers, whose feedback regarding Neurology in Clinical Practice and the website has been invaluable in enhancing our educational goals.




Robert B. Daroff, MD







Gerald M. Fenichel, MD







Joseph Jankovic, MD







John C. Mazziotta, MD, PhD
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Neurological diagnosis is sometimes easy, sometimes quite challenging, and specialized skills are required. If a patient shuffles into the physician’s office, demonstrating a pill-rolling tremor of the hands and loss of facial expression, Parkinson disease comes readily to mind. Although making such a “spot diagnosis” can be very satisfying, it is important to consider that this clinical presentation may have another cause entirely—such as neuroleptic-induced parkinsonism—or that the patient may be seeking help for a totally different neurological problem. Therefore, an evaluation of the whole problem is always necessary.


In all disciplines of medicine, the history of symptoms and clinical examination of the patient are key to achieving an accurate diagnosis. This is particularly true in neurology. Standard practice in neurology is to record the patient’s chief complaint and the history of symptom development, followed by the history of illnesses and previous surgical procedures, the family history, personal and social history, and a review of any clinical features involving the main body systems. From these data, one formulates a hypothesis to explain the patient’s illness. The neurologist then performs a neurological examination, which should support the hypothesis generated from the patient’s history. Based on a combination of the history and physical findings, one proceeds with the differential diagnosis to generate a list of possible causes of the patient’s clinical features.


What is unique to neurology is the emphasis on localization and phenomenology. When a patient presents to an internist or surgeon with abdominal or chest symptoms, the localization is practically established by the symptoms, and the etiology then becomes the primary concern. In clinical neurological practice, however, a patient with a weak hand may have a lesion localized to muscles, neuromuscular junctions, nerves in the upper limb, brachial plexus, spinal cord, or brain. The formal neurological examination allows localization of the offending lesion. Similarly, a neurologist skilled in recognizing phenomenology should be able to differentiate between tremor and stereotypy, both rhythmical movements; among tics, myoclonus, and chorea, all jerk-like movements; and among other rhythmical and jerk-like movement disorders, such as seen in dystonia. In general, the history provides the best clues to etiology, and the examination is essential for localization and appropriate disease categorization—all critical for proper diagnosis and treatment.


This diagnostic process consists of a series of steps, as depicted in Fig. 1.1. Although standard teaching is that the patient should be allowed to provide the history in his or her own words, the process also involves active questioning of the patient to elicit pertinent information. At each step, the neurologist should consider the possible anatomical localizations and particularly the etiology of the symptoms (see Fig. 1.1). From the patient’s chief complaint and a detailed history, an astute neurologist can derive clues that lead first to a hypothesis about the location and then to a hypothesis about the etiology of the neurological lesion. From these hypotheses, the experienced neurologist can predict what neurological abnormalities should be present and what should be absent, thereby allowing confirmation of the site of the dysfunction. Alternatively, analysis of the history may suggest two or more possible anatomical locations and diseases, each with a different predicted constellation of neurological signs. The findings on neurological examination can be used to determine which of these various possibilities is the most likely. To achieve a diagnosis, the neurologist needs to have a good knowledge of not only the anatomy, physiology, and biochemistry of the nervous system but also of the clinical features and pathology of the neurological diseases.





[image: image]

Fig. 1.1 The diagnostic path is illustrated as a series of steps in which the neurologist collects data (Task) with the objective of providing information on the anatomical localization and nature of the disease process (Goal).








Neurological Interview


The neurologist may be an intimidating figure for some patients. To add to the stress of the neurological interview and examination, the patient may already have a preconceived notion that the disease causing the symptoms may be progressively disabling and possibly life threatening. Because of this background, the neurologist should present an empathetic demeanor and do everything possible to put the patient at ease. It is important for the physician to introduce himself or herself to the patient and exchange social pleasantries before leaping into the interview. A few opening questions can break the ice: “Who is your doctor, and who would you like me to write to?” “What type of work have you done most of your life?” “How old are you?” “Are you right- or left-handed?” After this, it is easier to ask, “How can I be of service?” “What brings you to see me?” or “What is bothering you the most?” Such questions establish the physician’s role in the relationship and encourage the patient to volunteer an initial history. At a follow-up visit, it often is helpful to start with more personalized questions: “How have you been?” “Have there been any changes in your condition since your last visit?”


Another technique is to begin by asking, “How can I help you?” This establishes that the doctor is there to provide a service and allows patients to express their expectations for the consultation. It is important for the physician to get a sense of the patient’s expectations from the visit. Usually the patient wants the doctor to find or confirm the diagnosis and cure the disease. Sometimes the patient comes hoping that something is not present (“Please tell me my headaches are not caused by a brain tumor!”). Sometimes the patient claims that other doctors “never told me anything” (which may sometimes be true, although in most cases the patient did not hear or did not like what was said).









Chief Complaint


The chief complaint (or the several main complaints) is the usual starting point of the diagnostic process. For example, the patient may present with the triad of complaints of headache, clumsiness, and double vision. The complaints serve to focus attention on the questions to be addressed in taking the history and provide the first clue to the anatomy and etiology of the underlying disease. In this case, the neurologist would be concerned that the patient may have a tumor in the posterior fossa affecting the cerebellum and brainstem.


The mode of onset is critically important in investigating the etiology. For example, a sudden onset usually indicates a stroke in the vertebrobasilar arterial system. A course characterized by exacerbations and remissions may suggest multiple sclerosis, whereas a slowly progressive course points to a neoplasm. Paroxysmal episodes suggest the possibility of seizures, migraines, or some form of paroxysmal dyskinesia, ataxia, or periodic paralysis.









History of Present Illness


A critical aspect of the information obtained from this portion of the interview has to do with establishing the temporal-severity profile of each symptom reported by the patient. Such information allows the neurologist to categorize the patient’s problems based on the profile. For example, a patient who reports the gradual onset of headache and slowly progressive weakness of one side of the body over weeks to months could be describing the growth of a space-occupying lesion in a cerebral hemisphere. The same symptoms occurring rapidly, in minutes or seconds, with maximal severity from the onset, might be the result of a hemorrhage in a cerebral hemisphere. The symptoms and their severity may be equal at the time of the interview, but the temporal-severity profile leads to totally different hypotheses about the etiology.


Often the patient will give a very clear history of the temporal development of the complaints and will specify the location and severity of the symptoms and the current level of disability. In some instances, however, the patient, particularly if elderly, will provide a tangential account and insist on telling what other doctors did or said, rather than relating specific signs and symptoms. Direct questioning often is needed to clarify the symptoms, but it is important not to “lead” the patient. Patients frequently are all too ready to give a positive response to an authority figure, even if it is patently incorrect. It is important to consider whether the patient is reliable. Reliability depends on the patient’s intelligence, memory, language function, and educational and social status and on the presence of secondary gain issues, such as a disability claim or pending lawsuit.


The clinician should suspect a somatoform or psychogenic disorder in any patient who claims to have symptoms that started suddenly, particularly after a traumatic event, manifested by clinical features that are incongrous with an organic disorder, or with involvement of multiple organ systems. The diagnosis of a psychogenic disorder is based not only on the exclusion of organic causes but also on positive criteria.Getting information from an observer other than the patient is important for characterizing many neurological conditions such as seizures and dementia. Taking a history from a child is complicated by shyness with strangers, a different sense of time, and a limited vocabulary. In children, the history is always the composite perceptions of the child and the parent.


Patients and physicians may use the same word to mean very different things. If the physician accepts a given word at face value without ensuring that the patient’s use of the word matches the physician’s, misinterpretation may lead to misdiagnosis. For instance, patients often describe a limb as being “numb” when it is actually paralyzed. Patients often use the term “dizziness” to refer to lightheadedness, confusion, or weakness, rather than vertigo as the physician would expect. Although a patient may describe vision as being “blurred,” further questioning may reveal diplopia. “Blackouts” may indicate loss of consciousness, loss of vision, or simply confusion. “Pounding” or “throbbing” headaches are not necessarily pulsating.


The neurologist must understand fully the nature, onset, duration, and progression of each sign or symptom and the temporal relationship of one finding to another. Are the symptoms getting better, staying the same, or getting worse? What relieves them, what has no effect, and what makes them worse? In infants and young children, the temporal sequence also includes the timing of developmental milestones.


An example may clarify how the history leads to diagnosis: A 28-year-old woman presents with a 10-year history of recurrent headaches associated with her menses. The unilateral quality of pain in some attacks and the association of flashing lights, nausea, and vomiting together point to a diagnosis of migraine. On the other hand, in the same patient, a progressively worsening headache on wakening, new-onset seizures, and a developing hemiparesis suggest an intracranial space-occupying lesion. Both the absence of expected features and the presence of unexpected features may assist in the diagnosis. A patient with numbness of the feet may have a peripheral neuropathy, but the presence of backache combined with loss of sphincter control suggests that a spinal cord or cauda equina lesion is more likely. Patients may arrive for a neurological consultation with a folder of results of previous laboratory tests and neuroimaging studies. They often dwell on these test results and their interpretation by other physicians. The opinions of other doctors should never be accepted without question, however, because they may have been wrong! The careful neurologist takes a new history and makes a new assessment of the problem.


The history of how the patient or caregiver responded to the signs and symptoms may be important. A pattern of overreaction may be of help in evaluating the significance of the complaints. Nevertheless, a night visit to the emergency department for a new-onset headache should not be dismissed without investigation. Conversely, the child who was not brought to the hospital despite hours of seizures is likely to be the victim of child abuse, or at least of neglect.









Review of Patient-Specific Information


Information about the patient’s background often greatly helps the neurologist make a diagnosis of the cause of the signs and symptoms. This information includes the history of medical and surgical illnesses; current medications and allergies; a review of symptoms in non-neurological systems of the body; the personal history in terms of occupation, marital status, and alcohol, tobacco, and illicit drug use; and the medical history of the parents, siblings, and children, looking for evidence of familial diseases. The order in which these items are considered is not important, but consistency avoids the possibility that something will be forgotten.


In the outpatient office, the patient can be asked to complete a form with a series of questions on all these matters before starting the consultation with the physician. This expedites the interview, although more details often are needed. What chemicals is the patient exposed to at home and at work? Did the patient ever use alcohol, tobacco, or prescription or illegal drugs? Is there excessive stress at home, in school, or in the workplace, such as divorce, death of a loved one, or loss of employment? Are there hints of abuse or neglect of children or spouse? Sexual preference is important information in this era of human immunodeficiency virus infection. The doctor should question children and adolescents away from their parents if obtaining more accurate information about sexual activity and substance abuse seems indicated.






Review of Systems


The review of systems should include the elements of nervous system function that did not surface in taking the history. The neurologist should have covered the following: cognition, personality, and mood change; hallucinations; seizures and other impairments of consciousness; orthostatic faintness; headaches; special senses; speech and language function; swallowing; limb coordination; slowness of movement; involuntary movements or vocalizations; strength and sensation; pain; gait and balance; and sphincter, bowel, and sexual function. A positive response may help clarify a diagnosis. For instance, if a patient complaining of ataxia and hemiparesis admits to unilateral deafness, an acoustic neuroma should be considered. Headaches in a patient with paraparesis suggest a parasagittal meningioma rather than a spinal cord lesion.


The developmental history must be assessed in children and also may be of value in adults whose illness started during childhood. The review must include all organ systems. Neurological function is adversely affected by dysfunction of many systems, including the liver, kidney, gastrointestinal tract, heart, and blood vessels. Multiorgan involvement characterizes several neurological disorders such as vasculitis, sarcoidosis, mitochondrial disorders, and storage diseases.









History of Previous Illnesses


Specific findings in the patient’s medical and surgical history may help explain the present complaint. For instance, seizures and worsening headaches in a patient who previously had surgery for lung cancer suggest a brain metastasis. Chronic low back pain in a patient complaining of numbness and weakness in the legs on walking half a mile suggests neurogenic claudication from lumbar canal stenosis. The record of the history should include dates and details of all surgical procedures, significant injuries including head trauma and fractures, hospitalizations, and conditions requiring medical consultation and medications. For pediatric patients, record information on the pregnancy and state of the infant at birth.


Certain features in the patient’s history should always alert the physician to the possibility that they may be responsible for the neurological complaints. Gastric surgery may lead to vitamin B12 deficiency. Sarcoidosis may cause Bell palsy, diabetes insipidus, ophthalmoplegia, and peripheral neuropathy. Disorders of the liver, kidney, and small bowel can be associated with a wide variety of neurological disorders. Systemic malignancy can cause direct and indirect (paraneoplastic) neurological problems. The physician should not be surprised if the patient fails to remember previous medical or surgical problems. It is common to observe abdominal scars in a patient who described no surgical procedures until questioned about the scars.


Medications often are the cause of neurological disturbances, particularly chemotherapy drugs. In addition, isoniazid may cause peripheral neuropathy. Lithium carbonate may produce tremor and ataxia. Neuroleptic agents can produce a parkinson-like syndrome or dyskinesias. Most patients do not think of vitamins, oral contraceptives, nonprescription analgesics, and herbal compounds as “medications,” and specific questions about these agents are necessary.









Family History


Many neurological disorders are hereditary. Accordingly, a history of similar disease in family members or of consanguinity may be of diagnostic importance. The expression of a gene mutation, however, may be quite different from one family member to another with respect not only to the severity of neurological dysfunction but also to the organ systems involved. For instance, the mutations of the gene for Machado-Joseph disease (SCA3) can cause several phenotypes. A patient with Charcot-Marie-Tooth disease (hereditary motor-sensory neuropathy) may have a severe peripheral neuropathy, whereas relatives may demonstrate only pes cavus.


Reported diagnoses may be inaccurate. In families with dominant muscular dystrophy, affected individuals in earlier generations are often said to have had “arthritis” that put them into a wheelchair. Some conditions, such as epilepsy or Huntington disease, may be “family secrets.” Therefore, the physician should be cautious in accepting a patient’s assertion that a family history of a similar disorder is lacking. If the possibility exists that the disease is inherited, it is helpful to obtain information from parents and grandparents and to examine relatives at risk. Some patients wrongly attribute symptoms in family members to a normal consequence of aging or to other conditions such as alcoholism. This is particularly true in patients with essential tremor. At a minimum, historical data for all first- and second-degree relatives should include age (current or at death), cause of death, and any significant neurological or systemic diseases.









Social History


It is important to discuss the social setting in which neurological disease is manifest. Marital status and changes in such can provide important information about interpersonal relationships and emotional stability. Employment history is often quite important. Has an elderly patient lost their job because of cognitive dysfunction? Does the patient’s daily activities put them or others at risk if their vision, balance, or coordination is impaired or if they have alterations in consciousness? Does the patient’s job expose them to potential injury or toxin exposure? Are they in a profession where the diagnosis of a neurological disorder would require reporting them to a regulatory agency (e.g., airline pilot, professional driver)? A travel history is important, particularly if infectious diseases are a consideration. Hobbies can be a source of toxin exposure (e.g., welding sculpture). Level and type of exercise provide useful clues to overall fitness and can also suggest potential exposures to toxins and infectious agents (e.g., hiking and Lyme disease).












Examination






Neurological Examination


Neurological examination starts during the interview. A patient’s lack of facial expression (hypomimia) may suggest parkinsonism or depression, whereas a worried or astonished expression may suggest progressive supranuclear palsy. Unilateral ptosis may suggest myasthenia gravis or a brainstem lesion. The pattern of speech may suggest dysarthria, aphasia, or spasmodic dysphonia. The presence of abnormal involuntary movements may indicate an underlying movement disorder. Neurologist trainees must be able to perform and understand the complete neurological examination, in which every central nervous system region, peripheral nerve, muscle, sensory modality, and reflex is tested. However, the full neurological examination is too lengthy to perform in practice. Instead, the experienced neurologist uses the focused neurological examination to examine in detail the neurological functions relevant to the history and then performs a screening neurological examination to check the remaining parts of the nervous system. This approach should confirm, refute, or modify the initial hypotheses of disease location and causation derived from the history (see Fig. 1.1).


Both the presence and absence of abnormalities may be of diagnostic importance. If a patient’s symptoms suggest a left hemiparesis, the neurologist should search carefully for a left homonymous hemianopia and for evidence that the blink or smile is slowed on the left side of the face. Relevant additional findings would be that rapid, repetitive movements are impaired in the left limbs, that the tendon reflexes are more brisk on the left than the right, that the left abdominal reflexes are absent, and that the left plantar response is extensor.


Along with testing the primary modalities of sensation on the left side, the neurologist may examine the higher integrative aspects of sensation, including graphesthesia, stereognosis, and sensory extinction with double simultaneous stimuli. The presence or absence of some of these features can separate a left hemiparesis arising from a lesion in the right cerebral cortex or from one in the left cervical spinal cord.


The screening neurological examination (Table 1.1) is designed for quick evaluation of the mental status, cranial nerves, motor system (strength, muscle tone, presence of involuntary movements, and postures), coordination, gait and balance, tendon reflexes, and sensation. More complex functions are tested first; if these are performed well, then it may not be necessary to test the component functions. The patient who can walk heel-to-toe (tandem gait) does not have a significant disturbance of the cerebellum or of joint position sensation. Similarly, the patient who can do a pushup, rise from the floor without using the hands, and walk on toes and heels will have normal limb strength when each muscle group is individually tested. Asking the patient to hold the arms extended in supination in front of the body with the eyes open allows evaluation of strength and posture. It also may reveal involuntary movements such as tremor, dystonia, myoclonus, or chorea. A weak arm is expected to show a downward or pronator drift. Repeating the maneuver with the eyes closed allows assessment of joint position sensation.


Table 1.1 Outline of the Screening Neurological Examination






	Examination Component

	Description/Observation/Maneuver






	Mental status

	Assessed while recording the history






	Cranial nerves:

	 






	CN I

	Should be tested in all persons who experience spontaneous loss of smell, in patients suspected to have Parkinson disease, and in patients who have suffered head injury






	CN II

	
Each eye:






	 

	Gross visual acuity






	 

	Visual fields by confrontation






	 

	Funduscopy






	CN III, IV, VI

	Horizontal and vertical eye movements






	 

	Pupillary response to light






	 

	Presence of nystagmus or other ocular oscillations






	CN V

	Pinprick and touch sensation on face, corneal reflex






	CN VII

	Close eyes, show teeth






	CN VIII

	Perception of whispered voice in each ear or rubbing of fingers; if hearing is impaired, look in external auditory canals, and use tuning fork for lateralization and bone-versus-air sound conduction






	CN IX, X

	Palate lifts in midline, gag reflex present






	CN XI

	Shrug shoulders






	CN XII

	Protrude tongue






	Limbs

	
Separate testing of each limb:






	 

	Presence of involuntary movements






	 

	Muscle mass (atrophy, hypertrophy) and look for fasciculations






	 

	Muscle tone in response to passive flexion and extension






	 

	Power of main muscle groups






	 

	Coordination






	 

	Finger-to-nose and heel-to-shin testing






	 

	Performance of rapid alternating movements






	 

	Tendon reflexes






	 

	Plantar responses






	 

	Pinprick and light touch on hands and feet






	 

	Double simultaneous stimuli on hands and feet






	 

	Joint position sense in hallux and index finger






	 

	Vibration sense at ankle and index finger






	Gait and balance

	Spontaneous gait should be observed; stance, base, cadence, arm swing, tandem gait should be noted






	 

	Postural stability should be assessed by the pull test






	Romberg test

	Stand with eyes open and then closed







Of importance, the screening neurological examination may miss important neurological abnormalities. For instance, a bitemporal visual field defect may not be detected when the fields of both eyes are tested simultaneously; it will be found only when each eye is tested separately. Similarly, a parietal lobe syndrome may go undiscovered unless visuospatial function is assessed.


It is sometimes difficult to decide whether something observed in the neurological examination is normal or abnormal, and only experience prevents the neurologist from misinterpreting as a sign of disease something that is a normal variation. Every person has some degree of asymmetry. Moreover, what is abnormal in young adults may be normal in the elderly. Loss of the ankle reflex and loss of vibration sense at the big toe are common findings in patients older than 70 years. Conversely, children cannot detect the distal stimuli when the hand and face are simultaneously touched on the same side of the body until they are 7 years of age.


The experienced neurologist appreciates the normal range of neurological variation, whereas the beginner frequently records mild impairment of a number of different functions. Such impairments include isolated deviation of the tongue or uvula to one side and minor asymmetries of reflexes or sensation. Such soft signs may be incorporated into the overall synthesis of the disorder if they are consistent with other parts of the history and examination; otherwise, they should be disregarded. If an abnormality is identified, seek other features that usually are associated. For instance, ataxia of a limb may result from a corticospinal tract lesion, sensory defect, or cerebellar lesion. If the limb incoordination is due to a cerebellar lesion, findings will include ataxia on finger-to-nose and heel-to-shin testing, abnormal rapid alternating movements of the hands (dysdiadochokinesia), and often nystagmus and ocular dysmetria. If some of these signs of cerebellar dysfunction are missing, examination of joint position sense, limb strength, and reflexes may demonstrate that this incoordination is due to something other than a cerebellar lesion. At the end of the neurological examination, the abnormal physical signs should be classified as definitely abnormal (hard signs) or equivocally abnormal (soft signs). The hard signs, when combined with symptoms from the history, allow the neurologist to develop a hypothesis about the anatomical site of the lesion or at least about the neurological pathways involved. The soft signs can then be reviewed to determine whether they conflict with or support the initial conclusion. An important point is that the primary purpose of the neurological examination is to reveal functional disturbances that localize abnormalities. The standard neurological examination is less effective when used to monitor the course of a disease or its temporal response to treatment. Measuring changes in neurological function over time requires special quantitative functional tests and rating scales.









General Physical Examination


The nervous system is damaged in so many general medical diseases that a general physical examination is an integral part of the examination of patients with neurological disorders. Atrial fibrillation, valvular heart disease, or an atrial septal defect may cause embolic strokes in the central nervous system. Hypertension increases the risk for all types of stroke. Signs of malignancy raise the possibility of metastatic lesions of the nervous system or paraneoplastic neurological syndromes such as a subacute cerebellar degeneration or sensory peripheral neuropathy. In addition, some diseases such as vasculitis and sarcoidosis affect both the brain and other organs.












Assessment of the Cause of the Patient’s Symptoms






Anatomical Localization


Hypotheses about lesion localization, neurological systems involved, and pathology of the disorder can be formed once the history is complete (see Fig. 1.1). The neurologist then uses the examination findings to confirm the localization of the lesion before trying to determine its cause. The initial question is whether the disease is in the brain, spinal cord, peripheral nerves, neuromuscular junctions, or muscles. Then it must be established whether the disorder is focal, multifocal, or systemic. A system disorder is a disease that causes degeneration of one part of the nervous system while sparing other parts of the nervous system. For instance, degeneration of the corticospinal tracts and spinal motor neurons with sparing of the sensory pathways of the central and peripheral nervous systems is the hallmark of the system degeneration termed motor neuron disease, or amyotrophic lateral sclerosis. Multiple system atrophy is another example of a system degeneration characterized by slowness of movement (parkinsonism), ataxia, and dysautonomia.


The first step in localization is to translate the patient’s symptoms and signs into abnormalities of a nucleus, tract, or part of the nervous system. Loss of pain and temperature sensation on one half of the body, excluding the face, indicates a lesion of the contralateral spinothalamic tract in the high cervical spinal cord. A left sixth nerve palsy, with weakness of left face and right limbs, points to a left pontine lesion. A left homonymous hemianopia indicates a lesion in the right optic tract, optic radiations, or occipital cortex. The neurological examination plays a crucial role in localizing the lesion. A patient complaining of tingling and numbness in the feet initially may be thought to have a peripheral neuropathy. If examination shows hyperreflexia in the arms and legs and no vibration sensation below the clavicles, the lesion is likely to be in the spinal cord, and the many causes of peripheral neuropathy can be dropped from consideration. A patient with a history of weakness of the left arm and leg who is found on examination to have a left homonymous hemianopia has a right cerebral lesion, not a cervical cord problem.


The neurologist must decide whether the symptoms and signs could all arise from one focal lesion or whether several anatomical sites must be involved. The principle of parsimony, or Occam’s razor, requires that the clinician strive to hypothesize only one lesion. The differential diagnosis for a single focal lesion is significantly different from that for multiple lesions. Thus, a patient complaining of left-sided vision loss and left-sided weakness is likely to have a lesion in the right cerebral hemisphere, possibly caused by stroke or tumor. On the other hand, if the visual difficulty is due to a central scotoma in the left eye, and if the upper motor neuron weakness affects the left limbs but spares the lower cranial nerves, two lesions must be present: one in the left optic nerve and one in the left corticospinal tract below the medulla—as seen, for example, in multiple sclerosis. If a patient with slowly progressive slurring of speech and difficulty walking is found to have ataxia of the arms and legs, bilateral extensor plantar responses, and optic atrophy, the lesion must be either multifocal (affecting brainstem and optic nerves, and therefore probably multiple sclerosis) or a system disorder, such as a spinocerebellar degeneration. The complex vascular anatomy of the brain can sometimes cause multifocal neurological deficits to result from one vascular abnormality. For instance, a patient with occlusion of one vertebral artery may suffer a stroke that produces a midbrain lesion, a hemianopia, and an amnestic syndrome.


Synthesis of symptoms and signs for anatomical localization of a lesion requires a good knowledge of neuroanatomy, including the location of all major pathways in the nervous system and their interrelationships at different levels. In making this synthesis, the neurologist trainee will find it helpful to refer to diagrams that show transverse sections of the spinal cord, medulla, pons, and midbrain; the brachial and lumbosacral plexuses; and the dermatomes and myotomes. Knowledge of the functional anatomy of the cerebral cortex and the blood supply of the brain and spinal cord also is essential.


Symptoms and signs may arise not only from disturbances caused at the focus of an abnormality—focal localizing signs—but also at a distance. One example is the damage that results from the shift of intracranial contents produced by an expanding supratentorial tumor. This may cause a palsy of the third or sixth cranial nerve, even though the tumor is located far from the cranial nerves. Clinical features caused by damage far from the primary site of abnormality sometimes are called false localizing signs. This term derives from the era before neuroimaging studies when clinical examination was the major means of lesion localization. In fact, these are not false signs but rather signs that the intracranial shifts are marked, alerting the clinician to the large size of the space-occupying lesion within the skull.









Differential Diagnosis


Once the likely site of the lesion is identified, the next step is to generate a list of diseases or conditions that may be responsible for the patient’s symptoms and signs—the differential diagnosis (see Fig. 1.1). The experienced neurologist automatically first considers the most likely causes, followed by less common causes. The beginner is happy to generate a list of the main causes of the signs and symptoms in whatever order they come to mind. Experience indicates the most likely causes based on specific patient characteristics, the portions of the nervous system affected, and the relative frequency of each disease. An important point is that rare presentations of common diseases are more common than common presentations of rare diseases. Equally important, the neurologist must be vigilant to including in differential diagnosis less likely disorders that if overlooked can cause significant morbidity and/or mortality. A proper differential diagnosis list should include the most likely causes of the patient’s signs and symptoms as well as the most ominous.


Sometimes only a single disease can be incriminated, but usually several candidate diseases can be identified. The list of possibilities should take into account both the temporal features of the patient’s symptoms and the pathological processes known to affect the relevant area of the nervous system. For example, in a patient with signs indicating a lesion of the internal capsule, the cause is likely to be stroke if the hemiplegia was of sudden onset. With progression over weeks or months, a more likely cause is an expanding tumor. As another example, in a patient with signs of multifocal lesions whose symptoms have relapsed and remitted over several years, the diagnosis is likely to be multiple sclerosis or multiple strokes (depending on the patient’s age, sex, and risk factors). If symptoms appeared only recently and have gradually progressed, multiple metastases should be considered.


Again, the principle of parsimony or Occam’s razor should be applied in constructing the differential diagnostic list. An example is that of a patient with a 3-week history of a progressive spinal cord lesion who suddenly experiences aphasia. Perhaps the patient had a tumor compressing the spinal cord and has incidentally incurred a small stroke. The principle of parsimony, however, would suggest a single disease, probably cancer with multiple metastases. Another example is that of a patient with progressive atrophy of the small muscles of the hands for 6 months before the appearance of a pseudobulbar palsy. This patient could have bilateral ulnar nerve lesions and recent bilateral strokes, but amyotrophic lateral sclerosis is more likely. Nature does not always obey the rules of parsimony, however.


The differential diagnosis generally starts with pathological processes such as a stroke, a tumor, or an abscess. Each pathological process may result from any of several different diseases. Thus, a clinical diagnosis of an intracranial neoplasm generates a list of the different types of tumors likely to be responsible for the clinical manifestations in the affected patient. Similarly, in a patient with a stroke, the clinical history may help discriminate among hemorrhage, embolism, thrombosis, vascular spasm, and vasculitis. The skilled diagnostician is justly proud of placing the correct diagnosis at the top of the list, but it is more important to ensure that all possible diseases are considered. If a disease is not even considered, it is unlikely to be diagnosed. Treatable disorders should always be kept in mind, even if they have a very low probability. This is especially true if they may mimic more common incurable neurological disorders such as Alzheimer disease or amyotrophic lateral sclerosis.









Laboratory Investigations


Sometimes the neurological diagnosis can be made without any laboratory investigations. This is true for a clear-cut case of Parkinson disease, myasthenia gravis, or multiple sclerosis. Nevertheless, even in these situations, appropriate laboratory documentation is important for other physicians who will see the patient in the future. In other instances, the cause of the disease will be elucidated only by the use of laboratory tests. These tests may in individual cases include hematological and biochemical blood studies; neurophysiological testing (Chapter 32A, Chapter 32B, Chapter 32C, Chapter 32D, Chapter 32E ); neuroimaging (Chapter 33A, Chapter 33B, Chapter 33C, Chapter 33D, Chapter 33E ); organ biopsy; and bacteriological and virological studies. The use of laboratory tests in the diagnosis of neurological diseases is considered more fully in Chapter 31.












Management of Neurological Disorders


Not all diseases are curable. Even if a disease is incurable, however, the physician will be able to reduce the patient’s discomfort and assist the patient and family in managing the disease. Understanding a neurological disease is a science. Diagnosing a neurological disease is a combination of science and experience. Managing a neurological disease is an art, an introduction to which is provided in Chapter 43.









Experienced Neurologist’s Approach to the Diagnosis of Common Neurological Problems


The skills of a neurologist are learned. Seeing many cases of a disease teaches us which symptoms and signs should be present and—just as important—which should not be present in a given neurological disease. Although there is no substitute for experience and pattern recognition, the trainee can learn the clues used by the seasoned practitioner to reach a correct diagnosis. Part 1 of this book covers the main symptoms and signs of neurological disease. These chapters describe how an experienced neurologist approaches common presenting problems such as a movement disorder, a speech disturbance, or diplopia to arrive at the diagnosis. Part 2 of this book comprises the major fields of investigation and management of neurological disease. Part 3 provides a compendium of the neurological diseases themselves.
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Temporary loss of consciousness may be caused by impaired cerebral perfusion (syncope, fainting), cerebral ischemia, migraine, epileptic seizures, metabolic disturbances, sudden increases in intracranial pressure (ICP), or sleep disorders. Anxiety attacks, psychogenic seizures, panic disorder, and malingering may be difficult to distinguish from these conditions. Detailed laboratory examinations and prolonged periods of observation may not always clarify the diagnosis.


Syncope may result from cardiac causes and several non-cardiac causes. Often, no cause is determined. Specific causes include decreased cardiac output secondary to cardiac arrhythmias, outflow obstruction, hypovolemia, orthostatic hypotension, or decreased venous return. Cerebrovascular disturbances from transient ischemic attacks of the posterior or anterior cerebral circulations, or cerebral vasospasm from migraine, subarachnoid hemorrhage, or hypertensive encephalopathy, may result in temporary loss of consciousness. Situational syncope may occur in association with cough, micturition, defecation, swallowing, Valsalva maneuver, or diving. Metabolic disturbances due to hypoxia, drugs, anemia, and hypoglycemia may result in frank syncope or, more frequently, the sensation of an impending faint (presyncope).


Absence seizures, generalized tonic-clonic seizures, and complex partial seizures are associated with alterations of consciousness and are usually easily distinguished from syncope. Epileptic seizures may be difficult to distinguish from pseudoseizures (psychogenic seizures), panic attacks, and malingering. In children, breath-holding spells, a form of syncope (discussed later under “Miscellaneous Causes of Altered Consciousness”), can cause a transitory alteration of consciousness that may mimic epileptic seizures. Although rapid increases in ICP (which may result from intermittent hydrocephalus, severe head trauma, brain tumors, intracerebral hemorrhage, or Reye syndrome) may produce sudden loss of consciousness, affected patients frequently have other neurological manifestations that lead to this diagnosis.


In patients with episodic impairment of consciousness, diagnosis relies heavily on the clinical history described by the patient and observers. Laboratory investigations, however, may provide useful information. In a small number of patients, a cause for the loss of consciousness may not be established, and these patients may require longer periods of observation. Table 2.1 compares the clinical features of syncope and seizures.


Table 2.1 Comparison of Clinical Features of Syncope and Seizures






	Features

	Syncope

	Seizure






	Relation to posture

	Common

	No






	Time of day

	Diurnal

	Diurnal or nocturnal






	Precipitating factors

	Emotion, injury, pain, crowds, heat, exercise, fear, dehydration, coughing, micturition

	Sleep loss, drug/alcohol withdrawal






	Skin color

	Pallor

	Cyanosis or normal






	Diaphoresis

	Common

	Rare






	Aura or premonitory symptoms

	Long

	Brief






	Convulsion

	Rare

	Common






	Other abnormal movements

	Minor twitching

	Rhythmic jerks






	Injury

	Rare

	Common (with convulsive seizures)






	Urinary incontinence

	Rare

	Common






	Tongue biting

	No

	Can occur with convulsive seizures






	Postictal confusion

	Rare

	Common






	Postictal headache

	No

	Common






	Focal neurological signs

	No

	Occasional






	Cardiovascular signs

	Common (cardiac syncope)

	No






	Abnormal findings on EEG

	Rare (generalized slowing may occur during the event)

	Common







EEG, Electroencephalogram.






Syncope


The pathophysiological basis of syncope is the gradual failure of cerebral perfusion, with a reduction in cerebral oxygen availability. Syncope refers to a symptom complex characterized by lightheadedness, generalized muscle weakness, giddiness, visual blurring, tinnitus, and gastrointestinal (GI) symptoms. The patient may appear pale and feel cold and “sweaty.” The onset of loss of consciousness generally is gradual but may be rapid if related to certain conditions such as a cardiac arrhythmia. The gradual onset may allow patients to protect themselves from falling and injury. Factors precipitating a simple faint are emotional stress, unpleasant visual stimuli, prolonged standing, or pain. Although the duration of unconsciousness is brief, it may range from seconds to minutes. During the faint, the patient may be motionless or display myoclonic jerks, but never tonic-clonic movements. Urinary incontinence is uncommon. The pulse is weak and often slow. Breathing may be shallow and the blood pressure barely obtainable. As the fainting episode corrects itself by the patient becoming horizontal, normal color returns, breathing becomes more regular, and the pulse and blood pressure return to normal. After the faint, the patient experiences some residual weakness, but unlike the postictal state, confusion, headaches, and drowsiness are uncommon. Nausea may be noted when the patient regains consciousness. The causes of syncope are classified by their pathophysiological mechanism (Box 2.1), but cerebral hypoperfusion is always the common final pathway. Wieling et al. (2009) reviewed the clinical features of the successive phases of syncope.





Box 2.1 Classification and Etiology of Syncope







Cardiac:



Arrhythmias:



Bradyarrhythmias



Tachyarrhythmias



Reflex arrhythmias



Decreased cardiac output:



Outflow obstruction



Inflow obstruction



Cardiomyopathy


Hypovolemic


Hypotensive:



Vasovagal attack



Drugs



Dysautonomia


Cerebrovascular:



Carotid disease



Vertebrobasilar disease



Vasospasm



Takayasu disease


Metabolic:



Hypoglycemia



Anemia



Anoxia


Hyperventilation


Multifactorial:



Vasovagal (vasodepressor) attack



Cardiac syncope



Situational: Cough, micturition, defecation, swallowing, diving Valsalva maneuver












History and Physical Examination


The history and physical examination are the most important components of the initial evaluation of syncope. Significant age and sex differences exist in the frequency of the various types of syncope. Syncope occurring in children and young adults is most frequently due to hyperventilation or vasovagal (vasodepressor) attacks and less frequently due to congenital heart disease (Lewis and Dhala, 1999). Fainting associated with benign tachycardias without underlying organic heart disease also may occur in children. Syncope due to basilar migraine is more common in young females. When repeated syncope begins in later life, organic disease of the cerebral circulation or cardiovascular system usually is responsible.


A careful history is the most important step in establishing the cause of syncope. The patient’s description usually establishes the diagnosis. The neurologist should always obtain as full a description as possible of the first faint. The clinical features should be established, with emphasis on precipitating factors, posture, type of onset of the faint (including whether it was abrupt or gradual), position of head and neck, the presence and duration of preceding and associated symptoms, duration of loss of consciousness, rate of recovery, and sequelae. If possible, question an observer about clonic movements, color changes, diaphoresis, pulse, respiration, urinary incontinence, and the nature of recovery.


Clues in the history that suggest cardiac syncope include a history of palpitations or a fluttering sensation in the chest before loss of consciousness. These symptoms are common in arrhythmias. In vasodepressor syncope and orthostatic hypotension, preceding symptoms of lightheadedness are common. Episodes of cardiac syncope generally are briefer than vasodepressor syncope, and the onset usually is rapid. Episodes due to cardiac arrhythmias occur independently of position, whereas in vasodepressor syncope and syncope due to orthostatic hypotension, the patient usually is standing.


Attacks of syncope precipitated by exertion suggest a cardiac etiology. Exercise may induce arrhythmic syncope or syncope due to decreased cardiac output secondary to blood flow obstruction, such as may occur with aortic or subaortic stenosis. Exercise syncope also may be due to cerebrovascular disease, aortic arch disease, congenital heart disease, pulseless disease (Takayasu disease), pulmonary hypertension, anemia, hypoxia, and hypoglycemia. A family history of sudden cardiac death, especially in females, suggests the long QT-interval syndrome. Postexercise syncope may be secondary to situational syncope or autonomic dysfunction. A careful and complete medical and medication history is mandatory to determine whether prescribed drugs have induced either orthostatic hypotension or cardiac arrhythmias. To avoid missing a significant cardiac disorder, consider a comprehensive cardiac evaluation in patients with exercise-related syncope.


The neurologist should inquire about the frequency of attacks of loss of consciousness and the presence of cerebrovascular or cardiovascular symptoms between episodes. Question the patient whether all episodes are similar, because some patients experience more than one type of attack. In the elderly, syncope may cause unexplained falls lacking prodromal symptoms. With an accurate description of the attacks and familiarity with clinical features of various types of syncope, the physician should correctly diagnose most patients (Brignole et al., 2006; Shen et al., 2004). Seizure types that must be distinguished from syncope include orbitofrontal complex partial seizures, which can be associated with autonomic changes, and complex partial seizures that are associated with sudden falls and altered awareness, followed by confusion and gradual recovery (temporal lobe syncope). Features that distinguish syncope from seizures and other alterations of consciousness are discussed later in the chapter.


After a complete history, the physical examination is of next importance. Examination during the episode is very informative but frequently impossible unless syncope is reproducible by a Valsalva maneuver or by recreating the circumstances of the attack, such as by position change. In the patient with suspected cardiac syncope, pay particular attention to the vital signs and determination of supine and erect blood pressure. Normally, with standing, the systolic blood pressure rises and the pulse rate may increase. An orthostatic drop in blood pressure greater than 15 mm Hg may suggest autonomic dysfunction. Assess blood pressure in both arms when suspecting cerebrovascular disease, subclavian steal, or Takayasu arteritis.


During syncope due to a cardiac arrhythmia, a heart rate faster than 140 beats per minute usually indicates an ectopic cardiac rhythm, whereas a bradycardia with heart rate of less than 40 beats per minute suggests complete atrioventricular (AV) block. Carotid sinus massage sometimes terminates a supraventricular tachycardia, but this maneuver is not advisable because of the risk of cerebral embolism from atheroma in the carotid artery wall. In contrast, a ventricular tachycardia shows no response to carotid sinus massage. Stokes-Adams attacks may be of longer duration and may be associated with audible atrial contraction and a first heart sound of variable intensity. Heart disease as a cause of syncope is more common in the elderly patient (Brady and Shen, 1999). The patient should undergo cardiac auscultation for the presence of cardiac murmurs and abnormalities of the heart sounds. Possible murmurs include aortic stenosis, subaortic stenosis, or mitral valve origin. An intermittent posture-related murmur may be associated with an atrial myxoma. A systolic click in a young person suggests mitral valve prolapse. A pericardial rub suggests pericarditis.


All patients should undergo observation of the carotid pulse and auscultation of the neck. The degree of aortic stenosis may be reflected at times in a delayed carotid upstroke. Carotid, ophthalmic, and supraclavicular bruits suggest underlying cerebrovascular disease. Carotid sinus massage may be useful in older patients suspected of having carotid sinus syncope, but it is important to keep in mind that up to 25% of asymptomatic persons may have some degree of carotid sinus hypersensitivity. Carotid massage should be avoided in patients with suspected cerebrovascular disease, and when performed, it should be done in properly controlled conditions with electrocardiographic (ECG) and blood pressure monitoring. The response to carotid massage is either vasodepressor, cardioinhibitory, or mixed.









Causes of Syncope






Cardiac Arrhythmias


Both bradyarrhythmias and tachyarrhythmias may result in syncope, and abnormalities of cardiac rhythm due to dysfunction from the sinoatrial (SA) node to the Purkinje network may be involved. Always consider arrhythmias in all cases in which an obvious mechanism is not established. Syncope due to cardiac arrhythmias generally occurs more quickly than syncope from other causes. Cardiac syncope may occur in any position, is occasionally exercise induced, and may occur in both congenital and acquired forms of heart disease.


Although palpitations sometimes occur during arrhythmias, others are unaware of any cardiac symptoms. Syncopal episodes secondary to cardiac arrhythmias may be more prolonged than benign syncope. The most common arrhythmias causing syncope are AV block, SA block, and paroxysmal supraventricular and ventricular tachyarrhythmias. AV block describes disturbances of conduction occurring in the AV conducting system, which include the AV node to the bundle of His and the Purkinje network. SA block describes a failure of consistent pacemaker function of the SA node. Paroxysmal tachycardia refers to a rapid heart rate secondary to an ectopic focus outside the SA node; this may be either supra- or intraventricular.









Atrioventricular Block


Atrioventricular block is probably the most common cause of arrhythmic cardiac syncope. The term Stokes-Adams attack describes disturbances of consciousness occurring in association with a complete AV block. Complete AV block occurs primarily in elderly patients. The onset of a Stokes-Adams attack generally is sudden, although a number of visual, sensory, and perceptual premonitory symptoms may be experienced. During the syncopal attack, the pulse disappears and no heart sounds are audible. The patient is pale and, if standing, falls down, often with resultant injury. If the attack is sufficiently prolonged, respiration may become labored, and urinary incontinence and clonic muscle jerks may occur. Prolonged confusion and neurological signs of cerebral ischemia may be present. Regaining of consciousness generally is rapid.


The clinical features of complete AV block include a slow-collapsing pulse and elevation of the jugular venous pressure, sometimes with cannon waves. The first heart sound is of variable intensity, and heart sounds related to atrial contractions may be audible. An ECG confirming the diagnosis demonstrates independence of atrial P waves and ventricular QRS complexes. During Stokes-Adams attacks, the ECG generally shows ventricular standstill, but ventricular fibrillation or tachycardia also may occur.









Sinoatrial Block


Sinoatrial block may result in dizziness, lightheadedness, and syncope. It is most frequent in the elderly. Palpitations are common, and the patient appears pale. Patients with SA node dysfunction frequently have other conduction disturbances, and certain drugs (e.g., verapamil, digoxin, beta-blockers) may further impair SA node function. On examination, the patient’s pulse may be regular between attacks. During an attack, the pulse may be slow or irregular, and any of a number of rhythm disturbances may be present.









Paroxysmal Tachycardia


Supraventricular tachycardias include atrial fibrillation with a rapid ventricular response, atrial flutter, and the Wolff-Parkinson-White syndrome. These arrhythmias may suddenly reduce cardiac output enough to cause syncope. Ventricular tachycardia or ventricular fibrillation may result in syncope if the heart rate is sufficiently fast and if the arrhythmia lasts longer than a few seconds. Patients generally are elderly and usually have evidence of underlying cardiac disease. Ventricular fibrillation may be part of the long QT syndrome, which has a cardiac-only phenotype or may be associated with congenital sensorineural deafness in children. In most patients with this syndrome, episodes begin in the first decade of life, but onset may be much later. Exercise may precipitate an episode of cardiac syncope. Long QT syndrome may be congenital or acquired and manifests in adults as epilepsy. Acquired causes include cardiac ischemia, mitral valve prolapse, myocarditis, and electrolyte disturbances (Ackerman, 1998) as well as many drugs (Goldschlager et al., 2002). In the short QT syndrome, signs and symptoms are highly variable, ranging from complete absence of clinical manifestations to recurrent syncope to sudden death. The age at onset often is young, and affected persons frequently are otherwise healthy. A family history of sudden death indicates a familial short QT syndrome inherited as an autosomal dominant mutation. The ECG demonstrates a short QT interval and a tall and peaked T wave, and electrophysiological studies may induce ventricular fibrillation (Gaita et al., 2003). Brugada syndrome may produce syncope as a result of ventricular tachycardia or ventricular fibrillation (Brugada, 2000). The ECG demonstrates an incomplete right bundle-branch block in leads V1 and V2, with ST-segment elevation in the right precordial leads.









Reflex Cardiac Arrhythmias


A hypersensitive carotid sinus may be a cause of syncope in the elderly, most frequently men. Syncope may result from a reflex sinus bradycardia, sinus arrest, or AV block; peripheral vasodilatation with a fall in arterial pressure; or a combination of both. Although 10% of the population older than 60 years of age may have a hypersensitive carotid sinus, not all such patients experience syncope. Accordingly, consider this diagnosis only when the clinical history is compatible. Carotid sinus syncope may be initiated by wearing a tight collar or by carotid sinus massage on clinical examination. When syncope occurs, the patient usually is upright, and the duration of the loss of consciousness generally is a few minutes. On regaining consciousness, the patient is mentally clear. Unfortunately, no accepted diagnostic criteria exist for carotid sinus syncope, and the condition is overdiagnosed.


Syncope in certain patients can be induced by unilateral carotid massage or compression or by partial occlusion (usually atherosclerotic) of the contralateral carotid artery or a vertebral artery or by the release of atheromatous emboli. Because of these risks, carotid artery massage is contraindicated.


The rare syndrome of glossopharyngeal neuralgia is characterized by intense paroxysmal pain in the throat and neck accompanied by bradycardia or asystole, severe hypotension, and, if prolonged, seizures. Episodes of pain may be initiated by swallowing but also by chewing, speaking, laughing, coughing, shouting, sneezing, yawning, or talking. The episodes of pain always precede the loss of consciousness (see Chapter 18). Rarely, cardiac syncope may be due to bradyarrhythmias consequent to vagus nerve irritation caused by esophageal diverticula, tumors, and aneurysms in the region of the carotid sinus or by mediastinal masses or gallbladder disease.









Decreased Cardiac Output


Syncope may occur as a result of a sudden and marked decrease in cardiac output. Causes are both congenital and acquired. Tetralogy of Fallot, the most common congenital malformation causing syncope, does so by producing hypoxia due to right-to-left shunting. Other congenital conditions associated with cyanotic heart disease also may cause syncope. Ischemic heart disease and myocardial infarction (MI), aortic stenosis, idiopathic hypertrophic subaortic stenosis, pulmonary hypertension, and other causes of obstruction of pulmonary outflow, atrial myxoma, and cardiac tamponade may sufficiently impair cardiac output to cause syncope. Exercise-induced or effort syncope may occur in aortic or subaortic stenosis and other states in which there is reduced cardiac output and associated peripheral vasodilatation induced by the exercise. Exercise-induced cardiac syncope and exercise-induced cardiac arrhythmias may be related.


In patients with valvular heart disease, the cause of syncope may be arrhythmias. Syncope also may be due to reduced cardiac output secondary to myocardial failure, to mechanical prosthetic valve malfunction, or to thrombus formation. Mitral valve prolapse generally is a benign condition, but rarely, cardiac arrhythmias can occur. The most significant arrhythmias are ventricular. In atrial myxoma or with massive pulmonary embolism, a sudden drop in left ventricular output may occur. In atrial myxoma, syncope frequently is positional and occurs when the tumor falls into the AV valve opening during a change in position of the patient, thereby causing obstruction of the left ventricular inflow.


Decreased cardiac output also may be secondary to conditions causing in inflow obstruction or reduced venous return. Such conditions include superior and inferior vena cava obstruction, tension pneumothorax, constrictive cardiomyopathies, constrictive pericarditis, and cardiac tamponade. Syncope associated with aortic dissection may be due to cardiac tamponade but also may be secondary to hypotension, obstruction of cerebral circulation, or a cardiac arrhythmia.









Hypovolemia


Acute blood loss, usually due to GI tract bleeding, may cause weakness, faintness, and syncope if sufficient blood is lost. Blood volume depletion by dehydration may cause faintness and weakness, but true syncope is uncommon except when combining dehydration and exercise.









Hypotension


Several conditions cause syncope by producing a fall in arterial pressure. Cardiac causes were discussed earlier. The common faint (synonymous with vasovagal or vasodepressor syncope) is the most frequent cause of a transitory fall in blood pressure resulting in syncope. It often is recurrent, tends to occur in relation to emotional stimuli, and may affect 20% to 25% of young people. Less commonly, it occurs in older patients with cardiovascular disease (Fabian and Benditt, 1999; Fenton et al., 2000; Kosinski and Grubb, 2000).


The common faint may or may not be associated with bradycardia. The patient experiences impairment of consciousness, with loss of postural tone. Signs of autonomic hyperactivity are common, including pallor, diaphoresis, nausea, and dilated pupils. After recovery, patients may have persistent pallor, sweating, and nausea; if they get up too quickly, they may black out again. Presyncopal symptoms of lethargy and fatigue, nausea, weakness, a sensation of an impending faint, yawning, and blurred vision may occur. It is more likely to occur in certain circumstances such as in a hot crowded room, especially if the affected person is tired or hungry and upright or sitting. Venipuncture, the sight of blood, or a sudden painful or traumatic experience may precipitate syncope. When the patient regains consciousness, there usually is no confusion or headache, although weakness is frequent. As in other causes of syncope, if the period of cerebral hypoperfusion is prolonged, urinary incontinence and a few clonic movements may occur (convulsive syncope).


Orthostatic syncope occurs when autonomic factors that compensate for the upright posture are inadequate. This can result from a variety of clinical disorders. Blood volume depletion or venous pooling may cause syncope when the affected person assumes an upright posture. Orthostatic hypotension resulting in syncope also may occur with drugs that impair sympathetic nervous system function. Diuretics, antihypertensive medications, nitrates, arterial vasodilators, sildenafil, calcium channel blockers, phenothiazines, l-dopa, alcohol, and tricyclic antidepressants all may cause orthostatic hypotension. Patients with postural tachycardia syndrome (POTS) frequently experience orthostatic symptoms without orthostatic hypotension, but syncope can occur occasionally. Data suggest that there is sympathetic activation in this syndrome (Garland et al., 2007). Autonomic nervous system dysfunction resulting in syncope due to orthostatic hypotension may be a result of primary autonomic failure due to the Shy-Drager or the Riley-Day syndrome. Neuropathies that affect the autonomic nervous system include those of diabetes mellitus, amyloidosis, Guillain-Barré syndrome, acquired immunodeficiency syndrome (AIDS), chronic alcoholism, hepatic porphyria, beriberi, and autoimmune subacute autonomic neuropathy and small fiber neuropathies. Rarely, subacute combined degeneration, syringomyelia, and other spinal cord lesions may damage the descending sympathetic pathways, producing orthostatic hypotension. Accordingly, conditions that affect both the central and peripheral baroreceptor mechanisms may cause orthostatic hypotension (Benafroch, 2008).









Cerebrovascular Ischemia


Syncope occasionally may result from reduction of cerebral blood flow in either the carotid or vertebrobasilar system in patients with extensive occlusive disease. Most frequently, the underlying condition is atherosclerosis of the cerebral vessels, but reduction of cerebral blood flow due to cerebral embolism, mechanical factors in the neck (e.g., severe osteoarthritis), and arteritis (e.g., Takayasu disease or cranial arteritis) may be responsible. In the subclavian steal syndrome, a very rare impairment of consciousness is associated with upper extremity exercise and resultant diversion of cerebral blood flow to the peripheral circulation. In elderly patients with cervical skeletal deformities, certain head movements such as hyperextension or lateral rotation can result in syncope secondary to vertebrobasilar arterial ischemia. In these patients, associated vestibular symptoms are common. Occasionally, cerebral vasospasm secondary to basilar artery migraine or subarachnoid hemorrhage may be responsible. Insufficiency of the cerebral circulation frequently causes other neurological symptoms, depending on the circulation involved.


Reduction in blood flow in the carotid circulation may lead to loss of consciousness, lightheadedness, giddiness, and a sensation of an impending faint. Reduction in blood flow in the vertebrobasilar system also may lead to loss of consciousness, but dizziness, lightheadedness, drop attacks without loss of consciousness, and bilateral motor and sensory symptoms are more common. Dizziness and lightheadedness alone, however, are not symptoms of vertebrobasilar insufficiency. Syncope due to compression of the vertebral artery during certain head and neck movements may be associated with episodes of vertigo, disequilibrium, or drop attacks. Patients may describe blackouts on looking upward suddenly or on turning the head quickly to one side. Generally, symptoms persist for several seconds after the movement stops.


In Takayasu disease, major occlusion of blood flow in the carotid and vertebrobasilar systems may occur; in addition to fainting, other neurological manifestations are frequent. Pulsations in the neck and arm vessels usually are absent, and blood pressure in the arms is unobtainable. The syncopal episodes characteristically occur with mild or moderate exercise and with certain head movements. Cerebral vasospasm may result in syncope, particularly if the posterior circulation is involved. In basilar artery migraine, usually seen in young women and children, a variety of brainstem symptoms also may be experienced, and it is associated with a pulsating headache. The loss of consciousness usually is gradual, but a confusional state may last for hours (see Chapter 51A).









Metabolic Disorders


A number of metabolic disturbances including hypoglycemia, anoxia, and hyperventilation-induced alkalosis may predispose affected persons to syncope, but usually only lightheadedness and dizziness are experienced. The abruptness of onset of loss of consciousness depends on the acuteness and reversibility of the metabolic disturbances. Syncope due to hypoglycemia usually develops gradually. The patient has a sensation of hunger; there may be a relationship to fasting, a history of diabetes mellitus, and a prompt response to ingestion of food. Symptoms are unrelated to posture but may increase with exercise. During the syncopal attack, no significant change in blood pressure or pulse occurs. Hypoadrenalism may give rise to syncope by causing orthostatic hypotension. Disturbances of calcium, magnesium, and potassium metabolism are other rare causes of syncope. Anoxia may produce syncope because of the lack of oxygen or through the production of a vasodepressor type of syncope. A feeling of lightheadedness is common, but true syncope is less common. Patients with underlying cardiac or pulmonary disease are susceptible. In patients with chronic anemia or certain hemoglobinopathies that impair oxygen transport, similar symptoms may occur. Syncopal symptoms may be more prominent with exercise or physical activity.


Hyperventilation-induced syncope usually has a psychogenic origin. During hyperventilation, the patient may experience paresthesia of the face, hands, and feet, a buzzing sensation in the head, lightheadedness, giddiness, blurring of vision, mouth dryness, and occasionally tetany. Patients often complain of tightness in the chest and a sense of panic. Symptoms can occur in the supine or erect position and are gradual in onset. Rebreathing into a paper bag relieves the symptoms. During hyperventilation, a tachycardia may be present, but blood pressure generally remains normal.









Miscellaneous Causes of Syncope


More than one mechanism may be responsible in certain types of syncope. Both vasodepressor and cardioinhibitory factors may be operational in common syncope. In cardiac syncope, a reduction of cardiac output may be due to a single cause such as obstruction to inflow or outflow or a cardiac arrhythmia, but multiple factors are frequent.


Situational syncope, such as is associated with cough (tussive syncope) and micturition, are special cases of reflex syncope. In cough syncope, loss of consciousness occurs after a paroxysm of severe coughing. This is most likely to occur in obese men, usually smokers or patients with chronic bronchitis. The syncopal episodes occur suddenly, generally after repeated coughing but occasionally after a single cough. Before losing consciousness, the patient may feel lightheaded. The face often becomes flushed secondary to congestion, and then pale. Diaphoresis may be present, and loss of muscle tone may occur. Syncope generally is brief, lasting only seconds, and recovery is rapid. Several factors probably are operational in causing cough syncope. The most significant is blockage of venous return by raised intrathoracic pressure. In weight-lifting syncope, a similar mechanism is operational.


Micturition syncope most commonly occurs in men during or after micturition, usually after arising from bed in the middle of the night to urinate in the erect position. There may be a history of drinking alcohol before going to bed. The syncope may result from sudden reflex peripheral vasodilatation caused by the release of intravesicular pressure and bradycardia. The relative peripheral vasodilatation from recent alcohol use and a supine sleeping position is contributory because blood pressure is lowest in the middle of the night. The syncopal propensity may increase with fever. Rarely, micturition syncope with headache may result from a pheochromocytoma in the bladder wall. Defecation syncope is uncommon, but it probably shares the underlying pathophysiological mechanisms responsible for micturition syncope. Convulsive syncope is an episode of syncope of any cause that is sufficiently prolonged to result in a few clonic jerks; the other features typically are syncopal and should not be confused with epileptic seizures. Other causes of situational syncope include diving and the postprandial state. Syncope during sexual activity may be due to neurocardiogenic syncope, coronary artery disease, or the use of erectile dysfunction medications.












Investigations of Patients with Syncope


In the investigation of the patient with episodic impairment of consciousness, the diagnostic tests performed depend on the initial differential diagnosis (Kapoor, 2000). Individualize investigations, but some measurements such as hematocrit, blood glucose, and ECG are always appropriate. A resting ECG may reveal an abnormality of cardiac rhythm or the presence of underlying ischemic or congenital heart disease. In the patient suspected of cardiac syncope, a chest radiograph may show evidence of cardiac hypertrophy, valvular heart disease, or pulmonary hypertension. Other noninvasive investigations include radionuclide cardiac scanning, echocardiography, and prolonged Holter monitoring for the detection of cardiac arrhythmias. Echocardiography is useful in the diagnosis of valvular heart disease, cardiomyopathy, atrial myxoma, prosthetic valve dysfunction, pericardial effusion, aortic dissection, and congenital heart disease. Holter monitoring detects twice as many ECG abnormalities as those discovered on a routine ECG and may disclose an arrhythmia at the time of a syncopal episode. Holter monitoring typically for a 24-hour period is usual, although longer periods of recording may be required. Implantable loop recordings can provide long-term rhythm monitoring in patients suspected of having a cardiac arrhythmia (Krahn et al., 2004).


Exercise testing and electrophysiological studies are useful in selected patients. Exercise testing may be useful in detecting coronary artery disease, and exercise-related syncopal recordings may help localize the site of conduction disturbances. Consider tilt-table testing in patients with unexplained syncope in high-risk settings or with recurrent faints in the absence of heart disease (Kapoor, 1999). False positives occur, and 10% of healthy persons may faint. Tilt testing frequently employs pharmacological agents such as nitroglycerin or isoproterenol. The specificity of tilt-table testing is approximately 90%. In patients suspected to have syncope due to cerebrovascular causes, noninvasive diagnostic studies including Doppler flow studies of the cerebral vessels and magnetic resonance imaging (MRI) or magnetic resonance angiography may provide useful information. Cerebral angiography is sometimes useful. Electroencephalography (EEG) is useful in differentiating syncope from epileptic seizure disorders. An EEG should be obtained only when a seizure disorder is suspected and generally has a low diagnostic yield (Poliquin-Lasnier and Moore, 2009). A systematic evaluation can establish a definitive diagnosis in 98% of patients (Brignole et al., 2006). Neurally mediated (vasovagal or vasodepressor) syncope was found in 66% of patients, orthostatic hypotension in 10%, primary arrhythmias in 11%, and structural cardiopulmonary disease in 5%. Initial history, physical examination, and a standard ECG established a diagnosis in 50% of patients. A risk score such as the San Francisco Syncope Rule (SFSR) can help identify patients who need urgent referral. The presence of cardiac failure, anemia, abnormal ECG, or systolic hypotension helps identify these patients (Parry and Tan, 2010).












Seizures


Epileptic seizures cause sudden, unexplained loss of consciousness in a child or an adult (see Chapter 67). Seizures and syncope are distinguishable clinically; pallor is not associated with seizures.






History and Physical Examination


The most definitive way to diagnose epilepsy and the type of seizure is clinical observation of the seizure, although this often is not possible, except when seizures are frequent. The history of an episode, as obtained from the patient and an observer, is of paramount importance. The neurologist should obtain a family history and should inquire about birth complications, central nervous system (CNS) infection, head trauma, and previous febrile seizures, because they all may have relevance.


The neurologist should obtain a complete description of the episode and inquire about any warning before the event, possible precipitating factors, and other neurological symptoms that may suggest an underlying structural cause. Important considerations are the age at onset, frequency, and diurnal variation of the events. Seizures generally are brief and have stereotypical patterns, as described previously. With complex partial seizures and tonic-clonic seizures, a period of postictal confusion is highly characteristic. Unlike some types of syncope, seizures are unrelated to posture and generally last longer. In a tonic-clonic seizure, cyanosis frequently is present, pallor is uncommon, and breathing may be stertorous.


Tonic-clonic and complex partial seizures may begin at any age from infancy to late adulthood, although young infants may not demonstrate the typical features because of incomplete development of the nervous system.


The neurological examination may reveal an underlying structural disturbance responsible for the seizure disorder. Birth-related trauma may result in asymmetries of physical development, cranial bruits may indicate an arteriovenous malformation, and space-occupying lesions may result in papilledema or in focal motor, sensory, or reflex signs. In the pediatric age group, mental retardation occurs in association with birth injury or metabolic defects. The skin should be examined for abnormal pigment changes and other dysmorphic features characteristic of some of the neurodegenerative disorders.


If examination is immediately after a suspected tonic-clonic seizure, the neurologist should search for abnormal signs such as focal motor weakness and reflex asymmetry and for pathological reflexes such as a Babinski sign. Such findings may help confirm that the attack was a seizure and suggest a possible lateralization or location of the seizure focus.









Absence Seizures


The onset of absence seizures is usually between the ages of 5 and 15 years, and a family history of seizures is present in 20% to 40% of patients. The absence seizure is a well-defined clinical and EEG event. The essential feature is an abrupt, brief episode of decreased awareness without any warning, aura, or postictal symptoms. At the onset of the absence seizure, there is an interruption of activity. A simple absence seizure is characterized clinically only by an alteration of consciousness. Characteristic of a complex absence seizure is an alteration of consciousness and other signs such as minor motor automatisms. During a simple absence seizure, the patient remains immobile, breathing is normal, skin color remains unchanged, postural tone is not lost, and no motor manifestations occur. After the seizure, the patient immediately resumes the previous activities and may be unaware of the attack. An absence seizure generally lasts 10 to 15 seconds, but it may be shorter or as long as 40 seconds.


Complex absence seizures have additional manifestations such as diminution of postural tone that may cause the patient to fall, an increase in postural tone, minor clonic movements of the facial musculature or extremities, minor face or extremity automatisms, or autonomic phenomena such as pallor, flushing, tachycardia, piloerection, mydriasis, or urinary incontinence.


If absence seizures are suspected, office diagnosis is frequently possible by having the patient hyperventilate for 3 to 4 minutes, which often induces an absence seizure.









Tonic-Clonic Seizures


The tonic-clonic seizure is the most dramatic manifestation of epilepsy and characterized by motor activity and loss of consciousness. Tonic-clonic seizures may be the only manifestation of epilepsy or may be associated with other seizure types. In a primary generalized tonic-clonic seizure, the affected person generally experiences no warning or aura, although a few myoclonic jerks may occur in some patients. The seizure begins with a tonic phase, during which there is sustained muscle contraction lasting 10 to 20 seconds. Following this phase is a clonic phase that lasts approximately 30 seconds and is characterized by recurrent muscle contractions. During a tonic-clonic seizure, a number of autonomic changes may be present, including an increase in blood pressure and heart rate, apnea, mydriasis, urinary or fecal incontinence, piloerection, cyanosis, and diaphoresis. Injury may result from a fall or tongue biting. In the postictal period, consciousness returns slowly, and the patient may remain lethargic and confused for a variable period. Pathological reflexes may be elicitable.


Some generalized motor seizures with transitory alteration of consciousness may have only tonic or only clonic components. Tonic seizures consist of an increase in muscle tone, and the alteration of consciousness generally is brief. Clonic seizures have a brief impairment of consciousness and bilateral clonic movements. Recovery may be rapid, but if the seizure is more prolonged, a postictal period of confusion may be noted.









Complex Partial Seizures


In a complex partial seizure, the first seizure manifestation may be an alteration of consciousness, but the patient frequently experiences an aura or warning symptom. The seizure may have a simple partial onset that may include motor, sensory, visceral, or psychic symptoms. The patient initially may experience hallucinations or illusions, affective symptoms such as fear or depression, cognitive symptoms such as a sense of depersonalization or unreality, or aphasia.


The complex partial seizure generally lasts 1 to 3 minutes but may be shorter or longer. It may become generalized and evolve into a tonic-clonic convulsion. During a complex partial seizure, automatisms, generally more complex than those in absence seizures, may occur. The automatisms may involve continuation of the patient’s activity before the onset of the seizure, or they may be new motor acts. Such new automatisms are variable but frequently consist of chewing or swallowing movements, lip smacking, grimacing, or automatisms of the extremities, including fumbling with objects, walking, or trying to stand up. Rarely, patients with complex partial seizures have drop attacks; in such cases, the term temporal lobe syncope often is used. The duration of the postictal period after a complex partial seizure is variable, with a gradual return to normal consciousness and normal response to external stimuli. Table 2.2 provides a comparison of absence seizures and complex partial seizures.


Table 2.2 Comparison of Absence and Complex Partial Seizures






	Feature

	Absence Seizure

	Complex Partial Seizure






	Neurological status

	Normal

	May have positive history or examination






	Age at onset

	Childhood or adolescence

	Any age






	Aura or warning

	No

	Common






	Onset

	Abrupt

	Gradual






	Duration

	Seconds

	Up to minutes






	Automatisms

	Simple

	More complex






	Provocation by hyperventilation

	Common

	Uncommon






	Termination

	Abrupt

	Gradual






	Frequency

	Possibly multiple seizures per day

	Occasional






	Postictal phase

	No

	Confusion, fatigue






	Electroencephalogram

	Generalized spike and wave

	Focal epileptic discharges or nonspecific abnormalities






	Neuroimaging

	Usually normal findings

	May demonstrate focal lesions














Investigations of Seizures


In the initial investigations of the patient with tonic-clonic or complex partial seizures, perform a complete blood cell count, urinalysis, biochemical screening, and determinations of blood glucose level and serum calcium concentration. Laboratory investigations generally are not helpful in establishing a diagnosis of absence seizures. In infants and children, consider biochemical screening for amino acid disorders.


MRI is the imaging modality of choice for the investigation of patients with suspected seizures. It is superior to computed tomography and increases the yield of focal structural disturbances. Cerebrospinal fluid examination is not necessary in every patient with a seizure disorder and should be reserved for those in whom a recent seizure may relate to an acute CNS infection.


An EEG provides laboratory support for a clinical impression and helps classify the type of seizure. Epilepsy is a clinical diagnosis; therefore, an EEG study cannot confirm the diagnosis with certainty unless the patient has a clinical event during the recording. Normal findings on the EEG do not exclude epilepsy, and minor nonspecific abnormalities do not confirm epilepsy. Some patients with clinically documented seizures show no abnormality even after serial EEG recordings, sleep recordings, and special activation techniques. The EEG is most frequently helpful in the diagnosis of absence seizures. EEG supplemented with simultaneous video monitoring documents ictal events, allowing for a strict correlation between EEG changes and clinical manifestations. Simultaneous EEG and video monitoring also is useful in distinguishing epileptic seizures from nonepileptic phenomena.


In most patients, an accurate diagnosis requires only the clinical history and the foregoing investigations. Others present a diagnostic dilemma. A 24-hour ambulatory EEG recording differentiates an epileptic seizure from nonepileptic phenomena and also helps classify the specific type of seizure.









Psychogenic or Pseudoseizures (Nonepileptic Seizures)


Pseudoepileptic seizures are paroxysmal episodes of altered behavior that superficially resemble epileptic seizures but lack the expected EEG epileptic changes (Ettinger et al., 1999). However, as many as 40% of patients with pseudo- or nonepileptic seizures also experience true epileptic seizures.


A diagnosis often is difficult to establish based on the initial history alone. Establishing the correct diagnosis often requires observation of the patient’s clinical episodes, but complex partial seizures of frontal lobe origin may be difficult to distinguish from nonepileptic seizures. Nonepileptic seizures occur in children and adults and are more common in females. Most frequently, they superficially resemble tonic-clonic seizures. They generally are abrupt in onset, occur in the presence of other people, and do not occur during sleep. Motor activity is uncoordinated, but urinary incontinence and physical injury are uncommon. Nonepileptic seizures tend to be more prolonged than true tonic-clonic seizures. Pelvic thrusting is common. Ictal eye closing is common in nonepileptic seizures, whereas the eyes tend to be open in true epileptic seizures (Chung et al., 2006). During and immediately after the seizure, the patient may not respond to verbal or painful stimuli. Cyanosis does not occur, and focal neurological signs and pathological reflexes are absent.


In the patient with known epilepsy, consider the diagnosis of nonepileptic seizures when previously controlled seizures become medically refractory. The patient should undergo psychological assessments because most affected persons are found to have specific psychiatric disturbances. In this patient group, a high frequency of hysteria, depression, anxiety, somatoform disorders, dissociative disorders, and personality disturbances is recognized. A history of physical or sexual abuse is also more prevalent in nonepileptic seizure patients. At times, a secondary gain is identifiable. In some patients with psychogenic seizures, the clinical episodes frequently precipitate by suggestion and by certain clinical tests such as hyperventilation, photic stimulation, intravenous saline infusion, tactile (vibration) stimulation, or pinching the nose to induce apnea. Hyperventilation and photic stimulation also may induce true epileptic seizures, but their clinical features usually are distinctive. Some physicians avoid the use of placebo procedures, because this could have an adverse effect on the doctor-patient relationship (Parra et al., 1998).


Findings on the interictal EEG in patients with pseudoseizures are normal and remain normal during the clinical episode, demonstrating no evidence of a cerebral dysrhythmia. With the introduction of long-term ambulatory EEG monitoring, correlating the episodic behavior of a patient with the EEG tracing is possible, and psychogenic seizures are distinguishable from true epileptic seizures. Table 2.3 compares the features of psychogenic seizures with those of epileptic seizures.


Table 2.3 Comparison of Psychogenic and Epileptic Seizures






	Attack Feature

	Psychogenic Seizure

	Epileptic Seizure






	Stereotypy of attack

	May be variable

	Usually stereotypical






	Onset or progression

	Gradual

	More rapid






	Duration

	May be prolonged

	Brief






	Diurnal variation

	Daytime

	Nocturnal or daytime






	Injury

	Rare

	Can occur with tonic-clonic seizures






	Tongue biting

	Rare (tip of tongue)

	Can occur with tonic-clonic seizures (sides of tongue)






	Ictal eye closure

	Common

	Rare (eyes generally open)






	Urinary incontinence

	Rare

	Frequent






	Vocalization

	May occur

	Uncommon






	Motor activity

	Prolonged, uncoordinated; pelvic thrusting

	Automatisms or side-to-side head movements, flailing, coordinated tonic-clonic activity






	Prolonged loss of muscle tone

	Common

	Rare






	Postictal confusion

	Rare

	Common






	Postictal headache

	Rare

	Common






	Postictal crying

	Common

	Rare






	Relation to medication changes

	Unrelated

	Usually related






	Relation to menses in women

	Uncommon

	Occasionally increased






	Triggers

	Emotional disturbances

	No






	Frequency of attacks

	More frequent, up to daily

	Less frequent






	Interictal EEG findings

	Normal

	Frequently abnormal






	Reproduction of attack by suggestion

	Sometimes

	No






	Ictal EEG findings

	Normal

	Abnormal






	Presence of secondary gain

	Common

	Uncommon






	Presence of others

	Frequently

	Variable






	Psychiatric disturbances

	Common

	Uncommon







EEG, electroencephalogram.


As an auxiliary investigation of suspected psychogenic seizures, plasma prolactin concentrations may provide additional supportive data. Plasma prolactin concentrations frequently are elevated after tonic-clonic seizures, peaking in 15 to 20 minutes, and less frequently after complex partial seizures. Serum prolactin levels almost invariably are normal after psychogenic seizures, although such a finding does not exclude the diagnosis of true epileptic seizures (Chen et al., 2005). Elevated prolactin levels, however, also may be present after syncope and with the use of drugs such as antidepressants, estrogens, bromocriptine, ergots, phenothiazines, and antiepileptic drugs.


Although several procedures are employed to help distinguish epileptic from nonepileptic seizures, none of these procedures have both high sensitivity and high specificity. No procedure attains the reliability of EEG-video monitoring, which remains the standard diagnostic method for distinguishing between the two (Cuthill and Espie, 2005).












Miscellaneous Causes of Altered Consciousness


In children, alteration of consciousness may accompany breath-holding spells and metabolic disturbances. Breath-holding spells and seizures are easily distinguished. Most spells start at 6 to 28 months of age, but they may occur as early as the first month of life; they usually disappear by 5 or 6 years of age. Breath-holding spells may occur several times per day and appear as either cyanosis or pallor.


The trigger for cyanotic breath-holding spells is usually a sudden injury or fright, anger, or frustration. The child initially is provoked, cries vigorously for a few breaths, and stops breathing in expiration, whereupon cyanosis rapidly develops. Consciousness is lost because of hypoxia. Although stiffening, a few clonic movements, and urinary incontinence occasionally are observed, these episodes can be clearly distinguished from epileptic seizures by the history of provocation and by noting that the apnea and cyanosis occur before any alteration of consciousness. In these children, findings on the neurological examination and the EEG are normal.


The provocation for pallid breath-holding is often a mild painful injury or a startle. The infant cries initially and then becomes pale and loses consciousness. As in the cyanotic type, stiffening, clonic movements, and urinary incontinence may rarely occur. In the pallid infant syndrome, loss of consciousness is secondary to excessive vagal tone, resulting in bradycardia and subsequent cerebral ischemia, as in a vasovagal attack.


Breath-holding spells do not require treatment, but when intervention is required, levetiracetam (Keppra) is effective for prophylaxis at ordinary anticonvulsant doses.


Several pediatric metabolic disorders may have clinical manifestations of alterations of consciousness, lethargy, or seizures (see Chapter 62).
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Summary








Everyone occasionally loses balance and sometimes falls, but repeated and unprovoked falls signal a potentially serious neurological problem. Considering the large number of potential etiologies, it is helpful to determine whether a patient has suffered a drop attack or an accidental fall. The term drop attack describes a sudden fall occurring without warning that may or may not be associated with loss of consciousness. Falls, on the other hand, reflect an inability to remain upright during a postural challenge. This most commonly affects individuals with chronic neurological impairment. When associated with loss of consciousness, drop attacks are likely due to a syncopal or epileptic event. Patients with preserved consciousness during a drop attack may harbor midline tumors in the third ventricle or in the posterior fossa. Transient ischemic attacks (TIAs) involving the posterior circulation or the anterior cerebral artery distribution can manifest in the same monosymptomatic manner. Narcoleptics experience cataplexy, and patients with Meniere disease may fall abruptly as a result of otolith dysfunction. Patients with lower-extremity weakness, spasticity, rigidity, sensory loss, or ataxia frequently fall. Middle-aged women may fall with no discernible cause. Finally, the elderly, with their inevitable infirmities, fall frequently and with potentially disastrous consequences. These associations permit a classification of falls and drop attacks, presented in Box 3.1.





Box 3.1 Causes and Types of Falls and Drops






Drop Attacks







With loss of consciousness:



Syncope



Seizures


Without loss of consciousness:



Transient ischemic attacks:



Vertebrobasilar insufficiency



Anterior cerebral artery ischemia



Third ventricular and posterior fossa tumors



Chiari malformation



Otolithic crisis












Falls







Basal ganglia disorders


Neuromuscular disorders (neuropathy, radiculopathy, and myopathy)


Other cerebral or cerebellar disorders


Cryptogenic falls in the middle-aged


Aged state











The medical history is essential in evaluating patients with falls and drop attacks. The situational and environmental circumstances of the event must be ascertained. To help establish a diagnosis from among the wide range of possible causes, a detailed interview of the patient or of a witness to the fall is required. Aside from the patient’s gender and age, which affect fall risk, answers to the following basic questions should be elicited:







[image: image] Has the patient fallen before?


[image: image] Did the patient lose consciousness? If so, for how long?


[image: image] Did lightheadedness or palpitations precede the event?


[image: image] Is there a history of a seizure disorder, startle sensitivity, or of falls precipitated by strong emotions?


[image: image] Has the patient had excessive daytime sleepiness?


[image: image] Does the patient have headaches or migraine attacks associated with weakness?


[image: image] Does the patient have vascular risk factors, and were there previous symptoms suggestive of TIAs?


[image: image] Are there symptoms of sensory loss, limb weakness, or stiffness?


[image: image] Is there a history of visual impairment, hearing loss, vertigo, or tinnitus?





The neurological examination is equally important and can establish whether falls may be related to a disorder of the central or peripheral nervous system. Specific abnormalities include motor or sensory deficits in the lower limbs; the rigidity, tremor, and ocular motor abnormalities associated with Parkinson disease (PD) or progressive supranuclear palsy (PSP); ataxia, spasticity, cognitive impairment, and other signs suggestive of a neurodegenerative disorder or multiple sclerosis. Patients with normal findings on the neurological examination and no history of associated neurological or cardiac symptoms present a special challenge. In such patients, magnetic resonance imaging (MRI) and vascular imaging can be considered to rule out a clinically silent midline cerebral neoplasm, hindbrain malformation, or vascular occlusive disease. The workup is otherwise tailored to the clinical circumstance and may include cardiac and autonomic studies, nocturnal polysomnography, and in rare circumstances, genetic and metabolic testing if related conditions are suspected. Patients who frequently experience near-falls without injuries may have a psychogenic disorder of station and gait.






Loss of Consciousness






Syncope


The manifestations and causes of syncope are described in Chapter 2. Severe ventricular arrhythmias and hypotension lead to cephalic ischemia and falling. With sudden-onset third-degree heart block (Stokes-Adams attack), the patient loses consciousness and falls without warning. Less severe causes of decreased cardiac output, such as bradyarrhythmias or tachyarrhythmias, are associated with a prodromal sensation of faintness before the loss of consciousness. Elderly patients with cardioinhibitory sinus syndrome (“sick sinus syndrome”), however, often describe dizziness and falling rather than faintness, because of amnesia for the syncopal event. Thus, the history alone may not reveal the cardiovascular etiology of the fall. By contrast, cerebral hypoperfusion due to peripheral loss of vascular tone usually is associated with a presyncopal syndrome of progressive lightheadedness, faintness, dimming of vision, and “rubbery”-feeling legs. But even in the context of positive tilt table testing, up to 37% of patients report a clinically misleading symptom of true vertigo (Newman-Toker et al., 2008). So-called “cardiogenic vertigo” and downbeat nystagmus may also occur with asystole (Choi et al., 2010).


Orthostatic hypotension conveys a markedly increased risk of falling in the elderly and is particularly problematic in frail persons with additional risk factors for falling (Mussi et al., 2009) (see “Aged State” later in this chapter). Sudden drops in young persons, particularly when engaged in athletic activities, suggest a cardiac etiology. Exertional syncope requires a detailed cardiac evaluation to rule out valvular disease, right ventricular dysplasia, and other cardiomyopathies.









Seizures


Epileptic drop attacks are caused by several mechanisms, including asymmetrical tonic contractions of limb and axial muscles, loss of tone of postural muscles, and seizure-related cardiac arrhythmias. Arrhythmia-related drop attacks mimic cardiogenic syncope and, like temporal lobe drop attacks, typically are associated with a period of altered consciousness after the drop. Video-EEG monitoring of epileptic patients with a history of falls permits characterization of the various motor phenomena that cause loss of posture. For the clinician, however, the precise nature of these events is less important than establishing a diagnosis of seizures. This is straightforward in patients with long-standing epilepsy, but falls in patients with poststroke hemiparesis may be falsely attributed to motor weakness rather than to new-onset seizures. Destabilizing extensor spasms of spasticity can also be difficult to distinguish from focal seizures.


In children and adolescents with a history of drop attacks, a tilt-table test should be considered to avoid overdiagnosing epilepsy (Sabri et al., 2006). True epileptic drop attacks in young patients with severe childhood epilepsies may respond favorably to callosotomy (Sunaga, Shimizu, and Sugano, 2009). Falling as a consequence of the tonic axial component of startle-induced seizures may be controllable with lamotrigine. Paradoxically, some antiseizure drugs can precipitate drop attacks, such as carbamazepine in rolandic epilepsy.












Transient Ischemic Attacks


Drop attacks secondary to TIAs are sudden falls occurring without warning or obvious explanation such as tripping. Loss of consciousness either does not occur or is only momentary; the sensorium and lower limb strength are intact immediately or shortly after the patient hits the ground. The neurological examination should not reveal lower limb motor or sensory dysfunction between episodes. If such abnormalities are present, it can be impossible to distinguish drop attacks from the falls associated with sensorimotor impairment of the lower limbs. The vascular distributions for drop attacks from TIAs are the posterior circulation and the anterior cerebral arteries.






Vertebrobasilar Insufficiency


Drop attacks caused by posterior circulation insufficiency result from transient ischemia to the corticospinal tracts or the paramedian reticular formation. They are rarely an isolated manifestation of vertebrobasilar insufficiency, because most patients have a history of TIAs, including the more common signs and symptoms of vertigo, diplopia, ataxia, weakness, and hemisensory loss. Occasionally a drop attack may herald progressive thrombosis of the basilar artery hours before major and permanent neurological changes evolve.









Anterior Cerebral Artery Ischemia


Anterior cerebral artery ischemia causes drop attacks by impairing perfusion of the parasagittal premotor and motor cortex controlling the lower extremities. Origination of both anterior cerebral arteries from the same root occurs in approximately 20% of the population and predisposes to ischemic drop attacks from a single embolus. Paraparesis and even tetraparesis can result from simultaneous infarctions in bilateral ACA territories (Kang and Kim, 2008).












Third Ventricular and Posterior Fossa Tumors


Drop attacks can be a manifestation of colloid cysts of the third ventricle, Chiari malformation (“Chiari drop attack”), or mass lesions within the posterior fossa. With colloid cysts, unprovoked falling is the second most common symptom, after position-induced headaches. This history may be the only clinical clue to the diagnosis because the neurological examination can be entirely normal. Abrupt neck flexion may precipitate drop attacks in otherwise asymptomatic patients who are harboring posterior fossa tumors. Drop attacks occur in 2% to 3% of patients with Chiari malformation. These may be associated with loss of consciousness and often resolve after decompression surgery (Straus et al., 2009). Drops induced by rapid head turning were considered pathognomonic of cysticercosis of the fourth ventricle in the early 20th century (Brun sign). Other intracranial mass lesions such as parasagittal meningiomas, foramen magnum tumors, or subdural hematomas can also be associated with sudden drops. However, baseline abnormalities of gait and motor functions coexist, and falling may occur consequent to these impairments rather than to acute loss of muscle tone.









Otolithic Crisis


During attacks of vertigo, patients often lose balance and fall. Meniere disease (see Chapter 37) may be complicated by “vestibular drop attacks” unassociated with preceding or accompanying vertigo (Tumarkin otolithic crisis) in approximately 6% of patients. Presumably, stimulation of otolithic receptors in the saccule triggers inappropriate postural reflex adjustments via vestibulospinal pathways, leading to the falls. Affected patients report feeling as if, without warning, they are being thrown to the ground. They may fall straight down or be propelled in any direction. Indeed, one of the authors had a patient who reported suddenly seeing and feeling her legs moving forward in front of her as she did a spontaneous back-flip secondary to an otolithic crisis. Vestibular drop attacks may also occur in elderly patients with unilateral vestibulopathies who do not satisfy diagnostic criteria for Meniere disease (Lee et al., 2005).









Disorders of the Basal Ganglia






Parkinson Disease


Patients with PD fall with a frequency of 81% over the long term and suffer twice as many fractures compared to age-matched controls. The forward-flexed posture, muscular rigidity, and bradykinesia of PD prevent compensatory weight shifts when balance is offset. Patients may also, without warning, drop directly to the ground. This phenomenon is most commonly related to dopamine-induced motor fluctuations, particularly peak-dose dyskinesias and off periods (see Chapter 71). Dopaminergic substitution and deep brain stimulation (DBS) improve step length and walking speed but have less effect on axial (vertical) locomotive components (Chastan et al., 2009). Vertical breaking speed, however, corresponds with an individual’s ability to control falling and appears to depend on non-dopaminergic pathways. Positron emission tomography (PET) studies comparing PD patients with and without a history of falls indicate cortical and thalamic cholinergic hypofunction in those who fall, but no difference in nigrostriatal dopaminergic activity. Degeneration of the cholinergic pedunculopontine nucleus appears to be a key factor leading to impaired postural control in PD (Bohnen et al., 2009). These findings offer an explanation why DBS surgery does not appear to diminish fall risk (Hausdorff et al., 2009). Retropulsive tests are not fully predictable for falls in PD patients, but in combination with a self-reported fall history and risk factors such as dementia, disease duration, and benzodiazepine use, fallers can be reliably identified. Unfortunately, falling remains intractable in many PD patients, and prevention programs have demonstrated only limited benefit.









Progressive Supranuclear Palsy and other Parkinsonian Syndromes


Patients with PSP (see Chapter 71) have parkinsonian features, axial rigidity, nuchal dystonia, spasticity, and ophthalmoparesis. The fall frequency is 100%, and falling occurs early in the course of the illness (Williams, Watt, and Lees, 2006). Patients with PSP are more likely to fall backward than those with PD, even with equivalent functional impairment. Idiopathic rapid eye movement sleep behavior disorder (see Chapter 68) is a precursor of PSP and an underrecognized cause of nocturnal falls in the elderly. Clonazepam is commonly effective in the treatment of this parasomnia. Mechanisms similar to those described with PD and PSP contribute to falls in patients with other neurodegenerative disorders causing parkinsonism. Recurrent falls are a prominent feature of multiple system atrophy, the pure akinesia syndrome, corticobasal ganglionic degeneration, and especially of Lewy body disease (see Chapter 71), because of the additional cognitive dimension of neurological disability.












Neuromuscular Disorders and Myelopathy


Myopathies characteristically involve proximal muscles and increase the tendency to fall. The multiple causes of neuropathy and myopathy (genetically determined or acquired) are discussed in Chapters 76 and 79, respectively. Most lumbosacral radiculopathies and neuropathies are mixed (i.e., motor and sensory) in type. Regardless of cause, these conditions predispose patients to falling because of lower limb weakness and impaired afferent sensations from feet, joints, and muscles. Sensory neuropathies delay or reduce the relay of sensory signals from the lower limbs and promote falling when postural imbalance occurs. Falling may herald the onset of acute polyneuropathies such as Guillain-Barré syndrome. Aging polio survivors have a high annual frequency of falling that may exceed 60% (Silver and Aiello, 2002). Patients with spinal cord disease (see Chapter 24) are at particularly high risk of falling because all descending motor and ascending sensory tracts traverse the cord. Aside from weakness, spasticity, and impaired sensory input from the lower limbs, there is disruption of vestibulospinal and cerebellar pathways. A high rate of injurious falls is reported by MS patients aged 55 and older (Peterson et al., 2008).






Stroke


Motor, sensory, vestibular, and cerebellar dysfunction occur in isolation or in any combination in patients with stroke. Acute lesions of central otolithic pathways in the brainstem and basal ganglia produce contralateral tilting of variable intensity that can lead to falls. Weakness, truncal ataxia, extensive visual field defects and hemineglect due to right hemispheric stroke are obvious risk factors of falling. In the chronic state, depression and diminished arm function further enhance this risk, which is at least twice as high compared to age-matched controls. The poststroke risk of a hip fracture is increased by the same factor and is particularly high in women and within 3 months of the ischemic event (Pouwels et al., 2009).


In October of 2008, the CMS (Centers for Medicare and Medicaid in the United States) implemented payment changes to encourage avoidance of high-cost and high-volume complications in hospitalized patients, including falls and related injuries. The shift in associated financial burden to hospitals has resulted in increased efforts to reduce such events. But even well-implemented programs, on average, have prevention rates not exceeding 20%, and the absolute number of fractures may not be reduced (Oliver et al., 2007). Concerns about adverse financial consequences could lead to excessive restrictions of patient mobility in acute care and rehabilitation facilities (Inouye, Brown, and Tinetti, 2009), as falls typically occur when patients attempt to get out of bed, stand up, or walk.












Other Cerebral or Cerebellar Disorders


Metabolic encephalopathies may cause a characteristic transient loss of postural tone (asterixis). If this is extensive and involves the axial musculature, episodic loss of the upright posture can mimic drop attacks in patients with chronic uremia. Cerebellar disease causes truncal instability and represents a prime cause of falling. Patients with degenerative cerebellar ataxias (see Chapter 72) have a 50% frequency of falls in any 3-month period of observation. Episodic ataxia syndromes and familial hemiplegic migraine are also associated with recurrent falls (Black, 2006). Severe attacks of hyperekplexia, a familial disorder of startle sensitivity, are associated with generalized hypertonia that can lead to an uncontrollable fall. Effective prevention with clonazepam, valproate, or piracetam is available. Beneficial treatment can also be offered to properly diagnosed patients with normal-pressure hydrocephalus; ventriculoperitoneal shunting leads to dramatic improvement of gait and decreased risk of falls.


Cataplexy, the sudden loss of lower limb tone, is a part of the tetrad of narcolepsy that also includes excessive daytime sleepiness, hypnagogic hallucinations, and sleep paralysis (see Chapter 68). Consciousness is preserved during a cataplectic attack, which may vary in severity from slight lower limb weakness to generalized and complete flaccid paralysis with abrupt falling. Once on the ground, the patient is unable to move but continues to breathe. The attacks usually last less than 1 minute, only rarely exceeding several minutes in duration. Cataplectic attacks are provoked by strong emotion and associated with laughter, anger, surprise, or startle. Occasionally they interrupt or follow sexual orgasm. During the attack, electromyographic silence in antigravity muscles is seen, and deep tendon reflexes and the H-reflex (see Chapter 32B) cannot be elicited. Cataplexy occurs in the absence of narcolepsy when associated with cerebral disease (symptomatic cataplexy), as in Niemann-Pick disease, Norrie disease, brainstem lesions, or as a paraneoplastic disorder (Farid et al., 2009). It may rarely occur as an isolated problem in normal persons in whom the predisposition may be familial. A liquid formulation of gamma-hydroxybutyrate (sodium oxybate), an agent infamous for its use in “date rape,” is available for the treatment of cataplexy.









Cryptogenic Falls in the Middle-Aged


A diagnostic enigma is the occurrence of falls of unknown etiology among a subset of women older than 40 years of age. The fall usually is forward and occurs without warning during walking. The knees are often bruised (Thijs, Bloem, and van Dijk, 2009). Affected women report no loss of consciousness, dizziness, or even a sense of imbalance. They are convinced that they have not tripped but that their legs suddenly gave way. Gait is normal after the fall. This condition is estimated to affect 3% of women and develops after the age of 40 in the majority of affected patients. Familial occurrence has been reported. Originally described as a disorder of unknown causality, more recent inquiry into the frequency of falls in middle-aged and older women in the general population has elicited fall frequencies from 8% in women in their forties to 47% in their seventies. Age and number of comorbidities such as diabetes and neuropathies are most predictive of falling (Nitz and Choy, 2008).


Vestibular dysfunction of variable severity is also unexpectedly common in the adult population and can be seen in 35% of individuals over the age of 40. Symptomatic (dizzy) patients have a 12-fold increase in the odds of falling (Agrawal et al., 2009). Fibromyalgia is associated with vestibular symptoms and an increased fall frequency (Jones et al., 2009). These observations suggest that risk factors for falls are prevalent already in middle age and may correlate with falling later in life. Maintenance of good health is mandatory to contain the inevitable progression toward greater susceptibility to falls as age progresses.









Aged State


Most patients presenting to neurologists with a chief complaint of falling are elderly and chronically impaired. About one-third of persons older than 65 fall at least once every year (CDC, 2008). As the likelihood of falling increases with age, so does the severity of injury, as well as the number of chronic disabilities predisposing to falls. Next to fractures, falls are the single most disabling condition leading to admission to long-term care facilities. As would be expected, elderly in sheltered accommodations have the highest frequency of falls, affecting up to 50% every year. Many of these patients fall repeatedly, with women bearing a higher risk than men. Women also experience more fractures after falling, while men are more likely to suffer traumatic brain injury (TBI) (CDC, 2010). The high prevalence of anticoagulant and antiplatelet use in the elderly raises questions about the risk of intracranial bleeding in fall-related TBI. Paradoxically, low-dose aspirin may be protective in this regard (Gangavati et al., 2009) but can also cause delayed intracranial bleeding within 12 to 24 hours after head trauma (Tauber et al., 2009). The presence of an intracranial hemorrhage in conjunction with warfarin use indicates an increased risk of further clinical deterioration, even if the patient is awake upon admission (Howard et al., 2009). In the very old, falls constitute the leading cause of injury-related deaths, with TBI causing at least one-third of 15,000+ fall-related fatalities every year. Complications of hip fractures cause most of the other fatalities (Deprey, 2009). The direct and indirect cost of fall injuries is staggering and may rise from an estimated $19 billion in 2000 to over $50 billion by 2020 (CDC, 2010).


The normal aging process is associated with a decline in multiple physiological functions that alter body mechanics and diminish the ability to compensate for challenges to the upright posture. Decreased proprioception; loss of muscle bulk; arthritic joints; cardiovascular disturbances; deteriorating visual, ocular, motor, and vestibular functions (Serrardor et al., 2009); cognitive impairment; and failing postural reflexes (presbyastasis) summate to increase the risk of falling. Even the healthy elderly demonstrate significant alterations in quantitative gait characteristics (Chong et al., 2009). It is estimated that by the age of 65, only 1 in 10 persons show gait abnormalities, but by the age of 85, only 1 in 10 have a normal gait. The increased risk of injuries and fractures with falling is explained by a declining ability to absorb fall energy with the upper extremities (Sran et al., 2010), the diminishing size of soft-tissue pads around joints (in particular the hips), and osteoporosis.


Aside from age-related physical changes, the fall risk in elderly persons is further enhanced by numerous acquired neurological and medical conditions. Among more recently recognized disease states are chronic obstructive pulmonary disease (COPD) (Beauchamp et al., 2009), fatigue associated with fragmented sleep (Stone et al., 2008), and sleep apnea (Onen et al., 2009). The role of diffuse cerebral white matter disease as a contributing factor to gait abnormalities is reflected by strong correlations between bilateral frontal and periventricular changes with poorer gait (Srikanth et al., 2010). In turn, white matter disease and slower gait are associated with impaired cerebral vasoreactivity (Sorond et al., 2010). Other abnormal laboratory results evolving as markers of fall risk include asymptomatic hyponatremia, increased parathyroid levels, reduced testosterone levels in men, evidence for urinary tract infection, and vitamin D deficiency (LeBoff et al., 2008).


Walking requires attentional resources, which are stressed during dual tasks. The “stops walking when talking” sign as an indicator of fall risk is based on this physiological relationship (Beauchet et al., 2009). In the cognitively impaired, visuospatial dysfunction further enhances the fall risk. In part, this explains the much higher fall rates in elderly with Alzheimer disease and Lewy body disease.


The neurologist examining a patient after a fall needs to identify predisposing medical conditions and differentiate an accidental from an endogenous fall event. A detailed inventory of medications is essential, and a description of environmental factors contributing to the fall should be obtained from the patient or from a person familiar with the living circumstances. In elderly persons, the majority of falls are accidental, reflecting an interaction between an impaired individual and environmental or situational (attempting to get up and walk) hazards. In the absence of an overt explanation for falls, a syncopal event for which the patient may be amnestic becomes more likely. The immense burden of falling to patients and society necessitates recognition of an increased risk of future falls. Detailed practice parameters and guidelines have been published (Thurman et al., 2008; American Geriatric Society and British Geriatric Society Panel, 2011) and reiterate that a history of falls and the presence of motor, sensory, coordinative, and cognitive dysfunction are predictive. This risk is further enhanced by medications, in particular sedatives, hypnotics, antidepressants, and benzodiazepines (Woolcott et al., 2009).


Intervention for falling elders requires a multifaceted approach (Tinetti and Kumar, 2010; American Geriatric Society and British Geriatric Society Panel, 2011). Depending on the clinical situation, this may include provision of assistive devices (orthotics, canes, and walkers), treatment of orthostasis or cardiac dysrhythmias, and modification of environmental hazards identified during home visits. All unnecessary medications that increase the risk of falls should be discontinued. High-risk behavior such as the use of ladders and moving about at low levels of illumination is discouraged, and women are advised to wear sturdy low-heeled shoes. Balance training such as Tai Chi and exercises aimed at improving strength and endurance diminish fall rates. Behavioral intervention for the development of fear of falling after such events can be effective and is strongly encouraged (Dukyoo, Juhee, and Lee, 2009). Further useful interventions include vitamin D substitution (>800 International Units/day), improvement of vision with cataract surgery (Foss et al., 2006), and statin treatment for prevention of osteoporotic fractures. However, none of these measures abolish the risk of falling, and even well-intended interventions may be associated with an increased fall risk. Unexpectedly, this was shown in some patients who received new prescription eyeglass lenses (Campbell, Sanderson, and Robertson, 2010) and for the convenient annual dosing of 500,000 International Units of vitamin D, which not only enhanced the risk of falls but also fractures (Sanders et al., 2010). Use of walkers is associated with the highest fall risk, raising the question whether these ubiquitous devices have inherent design flaws that are contributory (Stevens et al., 2009).


Presently, falls in the elderly remain an intractable problem. Moderate benefit on fall rates and cost-effectiveness of interventional programs has been demonstrated (Tinetti and Kumar, 2010; Hektoen, Aas, and Luras, 2009). However, populations at high risk for falls and those with dementia may not benefit at all (deVries et al., 2010). The efficacy of interventional programs could potentially be improved by broader involvement of falling elderly, ongoing program participation, and regular home visits. Biomedical engineers are developing devices that aim to diminish adverse consequences of falls, including sensors that detect and announce falling, low-stiffness flooring, and soft, protective shells that are more acceptable than currently available hard shells worn on the hips. Advances like these, along with screening of elderly persons for fall risk and preventive program enrollment, may eventually diminish the burden of this epidemic.









Summary


A careful history and physical examination should in most cases uncover the cause of falls and drop attacks. Unfortunately, with middle-aged women and the elderly, the cause may be merely a function of gender or age. Patients with fixed motor or sensory impairments must be advised honestly about their almost unavoidable tendency to fall. Nevertheless, some specific treatments for falls and drop attacks exist. Environmental adjustments, participation in fall prevention programs, and use of protective devices can reduce the frequency of falls and related injuries.








References





 Agrawal Y., Carey J.P., Della Santina C.C., et al. Disorders of balance and vestibular function in US adults: data from the National Health and Nutrition Examination Survey, 2001-2004. Arch Intern Med. 2009;169:938-944.


 American Geriatric Society and British Geriatric Society Panel. Summary of the updated American Geriatric Society/British Geriatric Society clinical practice guideline for prevention of falls in older persons. J Am Geriatr Soc. 2011;59:148-157.


 Beauchet O., Annweiler V., Dubost G., et al. Stops walking when talking: a predictor of falls in older adults? Eur J Neurol. 2009;16:786-795.


 Beauchamp M.K., Hill K., Goldstein R.S., et al. Impairments in balance discriminate fallers from non-fallers in COPD. Respir Med. 2009;103:1885-1891.


 Black D. Sporadic and familial hemiplegic migraine: diagnosis and treatment. Semin Neurol. 2006;26:208-216.


 Bohnen N.I., Muller M.L., Koeppe R.A., et al. History of falls in Parkinson disease is associated with reduced cholinergic activity. Neurology. 2009;73:1670-1676.


 Campbell A.J., Sanderson G., Robertson M.C.R. Poor vision and falls (Editorial). BMJ. 2010;340:c2456.


 Centers for Disease Control and Prevention (CDC). Falls among older adults: and overview. Available at http://www.cdc.gov/HomeandRecreationalSafety/Falls/adultfalls.html Accessed June 15, 2010


 Centers for Disease Control and Prevention (CDC). Self-reported falls and fall related injuries among persons aged > 65 years – United States, 2006. MMWR Morb Mortal Wkly Rep. 2008;57:225-229.


 Chastan N., Westby G.W., Yelnik J., et al. Effects of nigral stimulation on locomotion and postural stability in patients with Parkinson’s disease. Brain. 2009;132:172-184.


 Choi J.-H., Yang T.-i., Cha S.Y., et al. Ictal downbeat nystagmus in cardiogenic vertigo. Neurology. 2010;75:2129-2130.


 Chong R.K., Chastan N., Welter M.L., et al. Age-related changes in the center of mass velocity control during walking. Neurosci Lett. 2009;458:23-27.


 Deprey S.M. Descriptive analysis of fatal falls of older adults in a Midwestern county in the year 2005. J Geriatr Phys Ther. 2009;32:23-28.


 DeVries O.J., Peeters G.M., Elders P.J., et al. Multifactorial intervention to reduce falls in older people at high risk of recurrent falls. A randomized controlled study. Arch Int Med. 2010;170:1110-1117.


 Dukyoo J., Juhee L., Lee S.M. A meta-analysis of fear of falling treatment programs for the elderly. West J Nurs Res. 2009;31:6-16.


 Farid K., Jeannin S., Lambrecq V., et al. Paraneoplastic cataplexy: clinical presentation and imaging findings in a case. Mov Disord. 2009;24:1854-1856.


 Foss A.J., Harwood R.H., Osborn F., et al. Falls and health status in elderly women following second eye cataract surgery: a randomized controlled trial. Age Ageing. 2006;35:66-71.


 Gangavati A.S., Kiely D.K., Kulchycki L.K., et al. Prevalence and characteristics of traumatic intracranial hemorrhage in elderly fallers presenting to the emergency department without focal findings. J Am Geriatr Soc. 2009;57:1470-1474.


 Hausdorff J.M., Gruendlinger L., Scollins L., et al. Deep brain stimulation effects gait variability in Parkinson’s disease. Mov Disord. 2009;24:1688-1692.


 Hektoen L.F., Aas E., Luras H. Cost-effectiveness in fall prevention for older women. Scand J Public Health. 2009;37:584-589.


 Howard J.L.2nd, Cipolle M.D., Horvat S.A., et al. Preinjury warfarin worsens outcome in elderly patients who fall from standing. J Trauma. 2009;66:1518-1522.


 Inouye S.K., Brown C.J., Tinetti M.E. Medicare nonpayment, hospital falls, and unintended consequences. N Engl J Med. 2009;360:2390-2393.


 Jones K.D., Horak F.B., Winters-Stone K., et al. Fibromyalgia is associated with impaired balance and falls. J Clin Rheumatol. 2009;15:16-21.


 Kang S.Y., Kim J.S. Anterior cerebral artery infarction: stroke mechanism and clinical imaging study in 100 patients. Neurology. 2008;70:2086-2393.


 LeBoff M.S., Hawkes W.G., Glowacki J., et al. Vitamin D-deficiency and post-fracture changes in lower extremity function and falls in women with hip fractures. Osteoporos Int. 2008;19:1283-1290.


 Lee H., Yi H.A., Lee S.R., et al. Drop attacks in elderly patients secondary to otologic causes with Meniere’s syndrome or non-Meniere peripheral vestibulopathy. J Neurol Sci. 2005;232:71-76.


 Mussi C., Ungar A., Salvoli G., et al. Orthostatic hypotension as cause of syncope in patients older than 65 years admitted to emergency departments for transient loss of consciousness. J Gerontol A Biol Sci Med Sci. 2009;67:801-806.


 Newman-Toker D.E., Dy F.J., Stanton V.A., et al. How often is dizziness from primary cardiovascular disease true vertigo? A systemic review. J Gen Intern Med. 2008;23:2087-2094.


 Nitz J.C., Choy N.L. Falling is not just for older women: support for pre-emptive prevention intervention before 60. Climacteric. 2008;11:461-466.


 Oliver D., Connelly J.B., Victor C.R., et al. Strategies to prevent falls and fractures in hospitals and care homes and effect of cognitive impairment: systematic review and meta analysis. BMJ. 2007;334:82.


 Onen F., Higgins S., Onen S.H. Falling-asleep-related injured falls in the elderly. J Am Med Dir Assoc. 2009;10:207-210.


 Peterson E.W., Cho C.C., von Koch L., et al. Injurious falls among middle aged and older adults with multiple sclerosis. Arch Phys Med Rehabil. 2008;89:1031-1037.


 Pouwels S., Lalmohamed A., Leufkens B., et al. Risk of hip/femur fracture after stroke: a population-based case-control study. Stroke. 2009;40:3281-3285.


 Sabri M.R., Mahmodian T, Sadri H. Usefulness of the head-up tilt test in distinguishing neurally mediated syncope and epilepsy in children aged 5-20 years old. Ped Cardiol. 2006;27:600-603.


 Sanders K.M., Stuart M.L., Williamson E.J., et al. Annual high-dose oral vitamin D and falls and fractures in older women. JAMA. 2010;303:1815-1822.


 Serrardor J.M., Lipsitz L.A., Gopalakrishnan G.S., et al. Loss of otolith function with age is associated with increased postural sway measures. Neurosci Lett. 2009;465:10-15.


 Silver J.K., Aiello D.D. Polio survivors: falls and subsequent injuries. Am J Phys Med Rehabil. 2002;81:567-570.


 Sorond F.A., Galicia A., Serrador J.M., et al. Cerebrovascular hemodynamics, gait, and falls in an elderly population: MOBILIZE Boston Study. Neurology. 2010;74:1627-1633.


 Sran M.M., Stotz P.J., Normandin S.C., et al. Age differences in energy absorption in the upper extremity during a descent movement: implications for arresting a fall. J Gerontol A Biol Sci Med Sci. 2010;65:312-317.


 Srikanth V., Phan T.G., Chen J., et al. The location of white matter lesions and gait – a voxel-based study. Ann Neurol. 2010;67:265-269.


 Stevens J.A., Thomas K., Teh L., et al. Unintentional fall injuries associated with walkers and canes in older adults treated in U.S. emergency departments. J Am Geriatr Soc. 2009;57:1464-1469.


 Stone K.L., Anconi-Israel S., Blackwell T., et al. Actigraphy-measured sleep characteristics and risk of falls in older women. Arch Intern Med. 2008;168:1768-1775.


 Straus D., Foster K., Zimmerman F., et al. Chiari drop attacks: surgical decompression and the role of tilt table testing. Pediatr Neurosurg. 2009;45:384-389.


 Sunaga S., Shimizu H., Sugano H. Long-term follow-up of seizure outcomes after corpus callosotomy. Seizure. 2009;18:124-128.


 Tauber M., Koller H., Moroder P., et al. Secondary intracranial hemorrhage after mild head injury in patients with low-dose acetylsalicylate acid prophylaxis. J Trauma. 2009;67:521-525.


 Thijs R.D., Bloem B.R., van Dijk J.G. Falls, faints, fits and funny turns. J Neurol. 2009;256:155-167.


 Thurman D.J., Stevens J.A., Rao J.K. Practice parameter: assessing patients in a neurology practice for risk of falls (an evidence-based review). Report of the Quality Standards Subcommittee of the American Academy of Neurology. Neurology. 2008;70:473-479.


 Tinetti M.E., Kumar C. The patient who falls. “It’s always a trade-off. JAMA. 2010;303:258-266.


 Williams D.R., Watt H.C., Lees A.J. Predictors of falls and fractures in bradykinetic rigid syndromes: a retrospective study. J Neurol Neurosurg Psychiatry. 2006;77:468-473.


 Woolcott J.C., Richardson K.J., Wiens M.O., et al. Meta-analysis of the impact of 9 medication classes on falls in elderly persons. Arch Intern Med. 2009;169:1952-1960.
















Chapter 4 Delirium




Mario F. Mendez, Sarah A. Kremen







Chapter Outline




Clinical Characteristics



Acute Onset with Fluctuating Course




Cognitive and Related Abnormalities




Behavioral and Emotional Abnormalities



Pathophysiology


Diagnosis



Predisposing and Precipitating Factors




Mental Status Examination




Diagnostic Scales and Criteria




Physical Examination




Laboratory Tests



Differential Diagnosis



Common Causes of Delirium




Special Problems in Differential Diagnosis



Prevention and Management


Prognosis








Delirium is an acute mental status change characterized by abnormal and fluctuating attention. There is a disturbance in level of awareness and reduced ability to direct, focus, sustain, and shift attention (American Psychiatric Association, DSM-V, Proposed Revision, 2013). These difficulties additionally impair other areas of cognition. The syndrome of delirium can be a physiological consequence of a medical condition or stem from a primary neurological cause.


Delirium is by far the most common behavioral disorder in a medical-surgical setting. In general hospitals, the prevalence ranges from 11% to 33% on admission. The incidence ranges between 6% and 56% of hospitalized patients, 15% to 53% postoperatively in elderly patients, and 80% or more of intensive care unit (ICU) patients (Fong, Tulebaev, and Inouye, 2009; Michaud et al., 2007). The consequences of delirium are serious: They include prolonged hospitalizations, increased mortality, high rates of discharges to other institutions, severe impact on caregivers and spouses, and between $38 billion and $152 billion annually in direct healthcare costs in the United States (Breitbart, Gibson, and Tremblay, 2002; Fong, Tulebaev, and Inouye, 2009; Inouye et al., 1999).


Physicians have known about this disorder since antiquity. Hippocrates referred to it as phrenitis, the origin of our word frenzy. In the 1st century ad, Celsus introduced the term delirium, from the Latin for “out of furrow,” meaning derailment of the mind, and Galen observed that delirium was often due to physical diseases that affected the mind “sympathetically.” In the 19th century, Gowers recognized that these patients could be either lethargic or hyperactive. Bonhoeffer, in his classification of organic behavioral disorders, established that delirium is associated with clouding of consciousness. Finally, Engel and Romano (1959) described alpha slowing with delta and theta intrusions on electroencephalograms (EEGs) and correlated these changes with clinical severity. They noted that treating the medical cause resulted in reversal of both the clinical and EEG changes of delirium.


Despite this long history, physicians, nurses, and other clinicians often fail to diagnose delirium (Cole, 2004; Inouye et al., 2001), and up to two-thirds of delirium cases go unidentified (Inouye, 2004). Healthcare providers often miss this syndrome more from lack of recognition than misdiagnosis. The elderly in particular may have a “quieter,” more subtle presentation of delirium that may evade detection. Adding to the confusion about delirium are the many terms used to describe this disorder: acute confusional state, acute organic syndrome, acute brain failure, acute brain syndrome, acute cerebral insufficiency, exogenous psychosis, metabolic encephalopathy, organic psychosis, ICU psychosis, toxic encephalopathy, toxic psychosis, and others.


Clinicians must take care to distinguish delirium from dementia, the other common disorder of cognitive functioning. Delirium is acute in onset (usually hours to a few days) whereas dementia is chronic (usually insidious in onset and progressive). The definition of delirium must emphasize an acute behavioral decompensation with fluctuating attention, regardless of etiology or the presence of baseline cognitive deficits or dementia. Complicating this distinction is the fact that underlying dementia is a major risk factor for delirium.


Clinicians must also take care to define the terms used with delirium. Attention is the ability to focus on specific stimuli to the exclusion of others. Awareness is the ability to perceive or be conscious of events or experiences. Arousal, a basic prerequisite for attention, indicates responsiveness or excitability into action. Coma, stupor, wakefulness, and alertness are states of arousal. Consciousness, a product of arousal, means clarity of awareness of the environment. Confusion is the inability for clear and coherent thought and speech.






Clinical Characteristics


The essential elements of delirium are summarized in Boxes 4.1 and 4.2. Among the proposed American Psychiatric Association’s criteria (DSM-V Proposed Revision, 2013) for this disorder is a disturbance that develops over a short period of time; tends to fluctuate; and impairs awareness, attention, and other areas of cognition. In general, awareness, attention, and cognition fluctuate over the course of a day. Furthermore, delirious patients have disorganized thinking and an altered level of consciousness, perceptual disturbances, disturbance of the sleep/wake cycle, increased or decreased psychomotor activity, disorientation, and memory impairment. Other cognitive, behavioral, and emotional disturbances may also occur as part of the spectrum of delirium. Delirium can be summarized into the 10 clinical characteristics that follow.





Box 4.1 Clinical Characteristics of Delirium







Acute onset of mental status change with fluctuating course


Attentional deficits


Confusion or disorganized thinking


Altered level of consciousness


Perceptual disturbances


Disturbed sleep/wake cycle


Altered psychomotor activity


Disorientation and memory impairment


Other cognitive deficits


Behavioral and emotional abnormalities











Box 4.2


Diagnostic and Statistical Manual of Mental Disorders, Fifth edition, Proposed Revision, Criteria for Delirium due to a General Medical Condition







A. Disturbance in level of awareness and reduced ability to direct, focus, sustain, and shift attention


B. A change in cognition (such as deficits in orientation, executive ability, language, visuoperception, learning, and memory):



[image: image] Cannot be assessed in face of severely reduced level of awareness



[image: image] Should not be better accounted for by a preexisting neurocognitive disorder


C. There is evidence from the history, physical examination, or laboratory findings that the disturbance is caused by the direct physiological consequences of a general medical condition


D. The disturbance develops over a short period of time (usually hours to a few days) and tends to fluctuate in severity during the course of a day





Note: The following supportive features are commonly present in delirium but are not key diagnostic features: sleep/wake cycle disturbance, psychomotor disturbance, perceptual disturbances (e.g., hallucinations, illusions), emotional disturbances, delusions, labile affect, dysarthria, and EEG abnormalities (generalized slowing of background activity)


Modified from American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, fifth ed., proposed revision. American Psychiatric Association, Washington, DC.









Acute Onset with Fluctuating Course


Delirium develops rapidly over hours or days, but rarely over more than a week, and fluctuations in the course occur throughout the day. There are lucid intervals interspersed with the daily fluctuations. Gross swings in attention and awareness, arousal, or both occur unpredictably and irregularly and become worse at night. Because of potential lucid intervals, medical personnel may be misled by patients who exhibit improved attention and awareness unless these patients are evaluated over time.









Cognitive and Related Abnormalities






Attentional Deficits


A disturbance of attention and consequent altered awareness is the cardinal symptom of delirium. Patients are distractible, and stimuli may gain attention indiscriminately, trivial ones often getting more attention than important ones. All components of attention are disturbed, including selectivity, sustainability, processing capacity, ease of mobilization, monitoring of the environment, and the ability to shift attention when necessary. Although many of the same illnesses result in a spectrum of disturbances from mild inattention to coma, delirium is not the same as disturbance of arousal.









Confusion or Disorganized Thinking


Delirious patients are unable to maintain the stream of thought with accustomed clarity, coherence, and speed. There are multiple intrusions of competing thoughts and sensations, and patients are unable to order symbols, carry out sequenced activity, and organize goal-directed behavior.


The patient’s speech reflects this jumbled thinking. Speech shifts from subject to subject and is rambling, tangential, and circumlocutory, with hesitations, repetitions, and perseverations. Decreased relevance of the speech content and decreased reading comprehension are characteristic of delirium. Confused speech is further characterized by an abnormal rate, frequent dysarthria, and nonaphasic misnaming, particularly of words related to stress or illness, such as those referable to hospitalization.









Altered Level of Consciousness


Consciousness, or clarity of awareness, may be disturbed. Most patients have lethargy and decreased arousal. Others, such as those with delirium tremens, are hyperalert and easily aroused. In hyperalert patients, the extreme arousal does not preclude attentional deficits because patients are indiscriminate in their alertness, are easily distracted by irrelevant stimuli, and cannot sustain attention. The two extremes of consciousness may overlap or alternate in the same patient or may occur from the same causative factor.









Perceptual Disturbances


The most common perceptual disturbance is decreased perceptions per unit of time; patients miss things that are going on around them. Illusions and other misperceptions result from abnormal sensory discrimination. Perceptions may be multiple, changing, or abnormal in size or location. Hallucinations also occur, particularly in younger patients and in those in the hyperactive subtype. They are most common in the visual sphere and are often vivid, three-dimensional, and in full color. Patients may see lilliputian animals or people that appear to move about. Hallucinations are generally unpleasant, and some patients attempt to fight them or run away with fear. Some hallucinatory experiences may be release phenomena, with intrusions of dreams or visual imagery into wakefulness. Psychotic auditory hallucinations with voices commenting on the patient’s behavior are unusual.









Disturbed Sleep/Wake Cycle


Disruption of the day/night cycle causes excessive daytime drowsiness and reversal of the normal diurnal rhythm. “Sundowning”—with restlessness and confusion during the night—is common, and delirium may be manifest only at night. Nocturnal peregrinations can result in a serious problem when the delirious patient, partially clothed in a hospital gown, has to be retrieved from the hospital lobby or from the street in the middle of the night. This is one of the least specific symptoms and also occurs in dementia, depression, and other behavioral conditions. In delirium, however, disruption of circadian sleep cycles may result in rapid eye movement or dream-state overflow into waking.









Altered Psychomotor Activity


There are two subtypes of delirium, based on changes in psychomotor activity. The hypoactive-hypoalert subtype is characterized by psychomotor retardation. These are the patients with lethargy and decreased arousal. The hyperactive-hyperalert subtype is usually hyperalert and agitated and has prominent overactivity of the autonomic nervous system. Moreover, the hyperactive type is more likely to have delusions and perceptual disorders such as hallucinations. About half of patients with delirium manifest elements of both subtypes or fluctuate between the two. Only about 15% are strictly hyperactive. In addition to the patients being younger, the hyperactive subtype has more drug-related causes, a shorter hospital stay, and a better prognosis.









Disorientation and Memory Impairment


Disturbances in orientation and memory are related. Patients are disoriented first to time of day, followed by other aspects of time, and then to place. They may perceive abnormal juxtapositions of events or places. Disorientation to person—in the sense of loss of personal identity—is rare. Disorientation is one of the most common findings in delirium but is not specific for delirium; it occurs in dementia and amnesia as well. Among patients with delirium, recent memory is disrupted in large part by the decreased registration caused by attentional problems.


In delirium, reduplicative paramnesia, a specific memory-related disorder, results from decreased integration of recent observations with past memories. Persons or places are “replaced” in this condition. In general, delirious patients tend to mistake the unfamiliar for the familiar. For example, they tend to relocate the hospital closer to their homes. In a form of reduplicative paramnesia known as Capgras syndrome, however, a familiar person is mistakenly thought to be an unfamiliar impostor.









Other Cognitive Deficits


Disturbances occur in visuospatial abilities and in writing. Higher visual-processing deficits include difficulties in visual object recognition, environmental orientation, and organization of drawings and other constructions.


Writing disturbance may be the most sensitive language abnormality in delirium. The most salient characteristics are abnormalities in the mechanics of writing: The formation of letters and words is indistinct, and words and sentences sprawl in different directions (Fig. 4.1). There is a reluctance to write, and there are motor impairments (e.g., tremors, micrographia) and spatial disorders (e.g., misalignment, leaving insufficient space for the writing sample). Sometimes the writing shows perseverations of loops or aspects of the writing. Spelling and syntax are also disturbed, with spelling errors particularly involving consonants, small grammatical words (prepositions and conjunctions), and the last letters of words. Writing is easily disrupted in these disorders, possibly because it depends on multiple components and is the least used language function.





[image: image]

Fig. 4.1 Writing disturbances in delirium. Patients were asked to write indicated words to dictation.


(Reprinted with permission from Chédru, J., Geschwind, N., 1972. Writing disturbances in acute confusional states. Neuropsychologia 10, 343-353.)















Behavioral and Emotional Abnormalities


Behavioral changes include poorly systematized delusions, often with persecutory and other paranoid ideation and personality alterations. Delusions, like hallucinations, are probably release phenomena and are generally fleeting, changing, and readily affected by sensory input. These delusions are most often persecutory. Some patients exhibit facetious humor and playful behavior, lack of concern about their illness, poor insight, impaired judgment, and confabulation.


There can be marked emotional lability. Sometimes patients are agitated and fearful or depressed or quite apathetic. Dysphoric (unpleasant) emotional states are the more common, and emotions are not sustained. Up to half of elderly delirious patients display symptoms of depression with low mood, loss of interests, fatigue, decreased appetite and sleep, and other feelings related to depression. There may be mood-congruent delusions and hallucinations. The mood changes of delirium are probably due to direct effects of the confusional state on the limbic system and its regulation of emotions.


Finally, more elementary behavioral changes may be the principal symptoms of delirium. This is especially the case in the elderly, in whom decreased activities of daily living, urinary incontinence, and frequent falls are among the major manifestations of this disorder.












Pathophysiology


The pathophysiology of delirium is not entirely understood, but it depends on widely distributed neurological dysfunction. Delirium is the final common pathway of many pathophysiological disturbances that reduce or alter cerebral oxidative metabolism. These metabolic changes result in diffuse impairment in multiple neuronal pathways and systems.


Several brain areas involved in attention are particularly disturbed in delirium. Dysfunction of the anterior cingulate cortex is involved in disturbances of the management of attention (Reischies et al., 2005). Other areas include the bilateral or right prefrontal cortex in attentional maintenance and executive control, the temporoparietal junction region in disengaging and shifting attention, the thalamus in engaging attention, and the upper brainstem structures in moving the focus of attention. The thalamic nuclei are uniquely positioned to screen incoming sensory information, and small lesions in the thalamus may cause delirium. In addition, there is evidence that the right hemisphere is dominant for attention. Cortical blood flow studies suggest that right hemisphere cortical areas and their limbic connections are the “attentional gate” for sensory input through feedback to the reticular nucleus of the thalamus.


Another explanation for delirium is alterations in neurotransmitters, particularly a cholinergic-dopaminergic imbalance. There is extensive evidence for a cholinergic deficit in delirium (Inouye, 2006). Anticholinergic agents can induce the clinical and EEG changes of delirium, which are reversible with the administration of cholinergic medications such as physostigmine. The beneficial effects of donepezil, rivastigmine, and galantamine—acetylcholinesterase-inhibitor medications used for Alzheimer disease—may be partly due to an activating or attention-enhancing role. Moreover, cholinergic neurons project from the pons and the basal forebrain to the cortex and make cortical neurons more responsive to other inputs. A decrease in acetylcholine results in decreased perfusion in the frontal cortex. Hypoglycemia, hypoxia, and other metabolic changes may differentially affect acetylcholine-mediated functions. Other neurotransmitters may be involved in delirium, including dopamine, serotonin, norepinephrine, γ-aminobutyric acid, glutamine, opiates, and histamine. Dopamine has an inhibitory effect on the release of acetylcholine, hence the delirium-producing effects of l-dopa and other antiparkinsonism medications (Trzepacz and van der Mast, 2002). Opiates may induce the effects by increasing dopamine and glutamate activity. Recently, polymorphisms in genes coding for a dopamine transporter and two dopamine receptors have been associated with the development of delirium (van Munster et al., 2010).


Inflammatory cytokines such as interleukins, interferon, and tumor necrosis factor alpha (TNF-α), may contribute to delirium by altering blood-brain barrier permeability and further affecting neurotransmission (Cole, 2004; Fong et al., 2009; Inouye, 2006). The combination of inflammatory mediators and dysregulation of the limbic-hypothalamic-pituitary axis may lead to exacerbation or prolongation of delirium (Maclullich et al., 2008). Finally, secretion of melatonin, a hormone integral to circadian rhythm and the sleep/wake cycle, may be abnormal in delirious patients compared to those without delirium (van Munster, de Rooij, and Korevaar, 2009).









Diagnosis


Diagnosis is a two-step process. The first step is the recognition of delirium, which requires a thorough history, a bedside mental status examination focusing on attention, and a review of established diagnostic scales or criteria for delirium. The second step is to identify the cause from a large number of potential diagnoses. Because the clinical manifestations offer few clues to the cause, crucial to the differential diagnosis are the general history, physical examination, and laboratory assessments.


The general history assesses several elements. An abrupt decline in mentation, particularly in the hospital, should be presumed to be delirium. Although patients may state that they cannot think straight or concentrate, family members or other good historians should be available to describe the patient’s behavior and medical history. The observer may have noted early symptoms of delirium such as inability to perform at a usual level, decreased awareness of complex details, insomnia, and frightening or vivid dreams. It is crucial to obtain accurate information about systemic illnesses, drug use, recent trauma, occupational and environmental exposures, malnutrition, allergies, and any preceding symptoms leading to delirium. Furthermore, the clinician should thoroughly review the patient’s medication list.






Predisposing and Precipitating Factors


The greater the number of predisposing factors, the fewer or milder are the precipitating factors needed to result in delirium (Anderson, 2005) (Box 4.3). Four factors independently predispose to delirium: vision impairments (<20/70 binocular), severity of illness, cognitive impairment, and dehydration (high ratio of blood urea to creatinine) (Inouye, 2006). Among these, cognitive impairment or dementia is worth emphasizing. Elderly patients with dementia are five times more likely to develop delirium than those without dementia (Elie et al., 1998). Patients with dementia may develop delirium after minor medication changes or other relatively insignificant precipitating factors (Inouye, 2006). Moreover, premorbid impairment in executive functions may be independently associated with greater risk of developing delirium (Rudolph et al., 2006). Other important predisposing factors for delirium are advanced age, especially older than 80 years, and the presence of chronic medical illnesses (Johnson, 2001). Many of these elderly patients predisposed to delirium have cerebral atrophy or white matter and basal ganglia ischemic changes on neuroimaging. Additional predisposing factors are the degree of physical impairment, hip and other bone fractures, serum sodium changes, infections and fevers, and the use of multiple drugs, particularly those with narcotic, anticholinergic, or psychoactive properties. The predisposing factors for delirium are additive, each new factor increasing the risk considerably. Moreover, frail elderly patients often have multiple predisposing factors, the most common being functional dependency, multiple medical comorbidities, depression, and polypharmacy (Laurila et al., 2008).





Box 4.3 Predisposing and Precipitating Factors for Delirium







Elderly, especially 80 years or older


Dementia, cognitive impairment, or other brain disorder


Fluid and electrolyte disturbances and dehydration


Other metabolic disturbance, especially elevated BUN level or hepatic insufficiency


Number and severity of medical illnesses including cancer


Infections, especially urinary tract, pulmonary, and AIDS


Malnutrition, low serum albumin level


Cardiorespiratory failure or hypoxemia


Prior stroke or other nondementia brain disorder


Polypharmacy and use of analgesics, psychoactive drugs, or anticholinergics


Drug abuse, alcohol or sedative dependency


Sensory impairment, especially visual


Sensory overstimulation and “ICU psychosis”


Sensory deprivation


Sleep disturbance


Functional impairment


Fever, hypothermia


Physical trauma or severe burns


Fractures


Male gender


Depression


Specific surgeries:



Cardiac, especially open heart surgery



Orthopedic, especially femoral neck and hip fractures, bilateral knee replacements



Ophthalmological, especially cataract surgery



Noncardiac thoracic surgery and aortic aneurysmal repairs



Transurethral resection of the prostate





AIDS, Acquired immunodeficiency syndrome; BUN, blood urea nitrogen; ICU, intensive care unit.





In most cases, the cause of delirium is multifactorial, resulting from the interaction between patient-specific predisposing factors and multiple precipitating factors (Inouye and Charpentier, 1996; Laurila et al., 2008). Five specific factors that can independently precipitate delirium are use of physical restraints, malnutrition or weight loss (albumin levels less than 30 g/L), use of indwelling bladder catheters, adding more than three medications within a 24-hour period, and an iatrogenic medical complication (Inouye and Charpentier, 1996). Other precipitating factors for incident delirium after hospitalization include electrolyte disturbances (hyponatremia, hypercalcemia, etc.), major organ system disease, occult respiratory failure, occult infection, pain, specific medications such as sedative-hypnotics or histamine-2 blockers, sleep disturbances, and alterations in the environment. Novel situations and unfamiliar surroundings contribute to sensory overstimulation in the elderly, and sensory overload may be a factor in producing “ICU psychosis.” Ultimately, delirium occurs in patients from a synergistic interaction of predisposing factors with precipitating factors.


In addition to the risk factors already discussed, heritability of delirium is a new area of investigation. The presence of genes such as apolipoprotein E (APOE), dopamine receptor genes DRD2 and DRD3, and the dopamine transporter gene, SLC6A3, are possible pathophysiological vulnerabilities for delirium (van Munster et al., 2009; van Munster et al., 2010). Despite conflicting data, there is evidence for an association between APOE ε4 carriers and a longer duration of delirium (van Munster et al., 2009). Polymorphisms in SLC6A3 and DRD2 have occurred in association with delirium from alcohol and in elderly delirious patients with hip fractures (van Munster et al., 2009; van Munster et al., 2010).









Mental Status Examination


Initial general behavioral observations are an important part of the neurological mental status examination. The most important are observations of attentiveness and arousability. Attention may wander so much that it must constantly be brought back to the subject at hand. General behavior may range from falling asleep during the interview to agitation and combativeness. Slow and loosely connected thinking and speech may be present, with irrelevancies, perseverations, repetitions, and intrusions. Patients may propagate their errors in thinking and perception by elaboration or confabulation. Finally, the examiner should evaluate the patient’s general appearance and grooming, motor activity and spontaneity, mood and affect, propriety and witticisms, and the presence of any special preoccupations or inaccurate perceptions.


Bedside tests of attention can be divided into serial recitation tasks, continuous performance tasks, and alternate response tasks. The digit span test is a serial recitation task in which a series of digits is presented, one digit per second, and the patient is asked to repeat the entire sequence immediately after presentation. Perceptual clumping is avoided by the use of random digits and a regular rhythm of presentation. Correct recitation of seven (plus or minus two) digits is considered normal. The serial reversal test is a form of recitation task in which the patient recites backward a digit span, the spelling of a word such as world, or the results of counting by ones, threes, or sevens from a predetermined number. Continuous performance tasks include the A vigilance test, in which the patient must indicate whenever the letter A is heard among random letters presented one per second. This can also be done visually by asking the patient to cross out every instance of a particular letter in a magazine or newspaper paragraph. Alternate response tasks are exemplified by the repetition of a three-step motor sequence (palm-side-fist), which is also a test of frontal functions. These attentional tests are not overly sensitive or specific, and they can be affected by the patient’s educational background, degree of effort, or presence of other cognitive deficits. In sum, the best assessment of attention may be general behavioral observations and an appraisal of how “interviewable” the patient is.


Attentional or arousal deficits may preclude the opportunity to pursue the mental status examination much further, but the examiner should attempt to assess orientation and other areas of cognition. Patients who are off 3 days on the date, 2 days on the day of the week, or 4 hours on the time of day may be significantly disoriented to time. The examiner should inquire whether the patient knows where he or she is, what kind of place it is, and under what circumstances he or she is there. Disturbed recent memory is demonstrated by asking the patient to retain the examiner’s name or three words for 5 minutes. A language examination should distinguish between the language of confusion and that of a primary aphasia (see Special Problems in Differential Diagnosis, later in this chapter). Attempts at simple constructions such as copying a cube may be unsuccessful. Hallucinations can sometimes be brought out by holding a white piece of paper or an imaginary string between the fingers and asking the patient to describe what he or she sees.









Diagnostic Scales and Criteria


The usual mental status scales and tests may not help in differentiating delirium from dementia and other cognitive disturbances. Specific criteria and scales are available for the diagnosis of delirium. Foremost among these are the Diagnostic and Statistical Manual of Mental Disorders (DSM-V, Proposed Revision, 2013) criteria for delirium (see Box 4.2). The Confusion Assessment Method (CAM) is a widely used instrument for screening for and diagnosing delirium (Ely et al., 2001) (Box 4.4). The Delirium Rating Scale-Revised-98 (DRS-R-98), a revision of the earlier Delirium Rating Scale (DRS), is a 16-item scale with 13 severity items and three diagnostic items that reliably distinguish delirium from dementia, depression, and schizophrenia (Trzepacz et al., 2001). Both the CAM and the DRS-R-98 are best used in combination with a cognitive test (Adamis et al., 2010). The Memorial Delirium Assessment Scale (MDAS) is a 10-item scale designed to quantify the severity of delirium in medically ill patients (Breitbart et al., 1997). While it may also be useful as a diagnostic tool, it is best used after the initial delirium diagnosis is made (Adamis et al., 2010). The Delirium Symptom Interview is also a valuable instrument but may not distinguish delirium from dementia. The Neelon and Champagne (NEECHAM) Confusion Scale (Neelon et al., 1996) is an easily administered screening tool widely used in the nursing community. It combines behavioral and physiological signs of delirium, but it has been suggested that the NEECHAM measures acute confusion rather than delirium (Adamis et al., 2010). The diagnosis of delirium is facilitated by the use of the CAM, DRS-R-98, MDAS, the Delirium Symptom Interview, the Delirium Index (McCusker et al., 2004), or the NEECHAM, along with the history from collateral sources such as family and nursing notes, a mental status examination focusing on attention, and specific tests such as a writing sample.





Box 4.4


Confusion Assessment Method







1. Acute onset and fluctuating course (mental status changes from hours to days)


2. Difficulty in focusing (easily distracted, unable to follow interview)


3. Disorganized thinking (rambling, irrelevant conversation)


4. Altered level of consciousness (from hyperalert to decreased arousal)





A positive confusion assessment method (CAM) test for delirium requires items 1 and 2 plus either item 3 or item 4 (Inouye, 2006; supplementary material).












Physical Examination


The physical examination should elicit any signs of systemic illness, focal neurological abnormalities, meningismus, increased intracranial pressure (ICP), extracranial cerebrovascular disease, or head trauma. In delirium, less specific findings include an action or postural tremor of high frequency (8-10 Hz), asterixis or brief lapses in tonic posture (especially at the wrist), multifocal myoclonus or shock-like jerks from diverse sites, choreiform movements, dysarthria, and gait instability. Patients may manifest agitation or psychomotor retardation, apathy, waxy flexibility, catatonia, or carphologia (“lint-picking” behavior). The presence of hyperactivity of the autonomic nervous system may be life threatening because of possible dehydration, electrolyte disturbances, or tachyarrhythmias.









Laboratory Tests


Despite false-positive and false-negative rates on single tracings (Inouye, 2006), EEG changes virtually always accompany delirium when several EEGs are obtained over time (see Chapter 32A). Disorganization of the usual cerebral rhythms and generalized slowing are the most common changes, as illustrated in Romano and Engel’s classic paper (1944). The mean EEG frequency or degree of slowing correlates with the degree of delirium. Both hypoactive and hyperactive subtypes of delirium have similar EEG slowing; however, predominant low-voltage fast activity is also present on withdrawal from sedative drugs or alcohol. Additional EEG patterns from intracranial causes of delirium include focal slowing, asymmetric delta activity, and paroxysmal discharges (spikes, sharp waves, and spike-wave complexes). Periodic complexes such as triphasic waves and periodic lateralizing epileptiform discharges may help in the differential diagnosis (see Chapter 32A). EEGs are of value in deciding whether confusional behavior may be due to an intracranial cause, in making the diagnosis of delirium in patients with unclear behavior, in evaluating demented patients who might have a superimposed delirium, in differentiating delirium from schizophrenia and other primary psychiatric states, and in following the course of delirium over time.


Other essential laboratory tests include a complete blood cell count; measurements of glucose, electrolytes, blood urea nitrogen, creatinine, transaminase, and ammonia levels; thyroid function tests; arterial blood gas studies; chest radiographs; electrocardiogram; urinalysis; and urine drug screening. Less routine tests, such as antibody tests against Hu or NMDA receptors, should be considered when routine labs are unrevealing and there is a suspicion for malignancy. Although they are nonspecific, evoked potential studies often show prolonged latencies.


Since most cases of delirium are due to medical conditions, lumbar puncture and neuroimaging are needed in only a minority of delirious patients (Inouye, 2006). The need for a lumbar puncture, however, deserves special comment. This valuable test, which is often neglected in the evaluation of delirious patients, should be performed as part of the workup when the cause is uncertain. The lumbar puncture should be preceded by a computed tomographic (CT) or magnetic resonance imaging (MRI) scan of the brain, especially if there are focal neurological findings or suspicions of increased ICP, a space-occupying lesion, or head trauma. The yield of functional imaging is variable, showing global increased metabolism in patients with delirium tremens and global decreased metabolism or focal frontal hypoactivity in many other delirious patients.












Differential Diagnosis






Common Causes of Delirium


The following discussion is a selective commentary that illustrates some basic principles and helps organize the approach to working through the large differential diagnosis. Almost any sufficiently severe medical or surgical illness can cause delirium, and the best advice is to follow all available diagnostic leads (Table 4.1). (For further discussion of individual entities, the reader should refer to corresponding chapters in this book.) The confusion-inducing effects of these disturbances are additive, and there may be more than one causal factor, the individual contribution of which cannot be elucidated. Nearly half of elderly patients with delirium have more than one cause of their disorder, and clinicians should not stop looking for causes when a single one is found. Of the causes for delirium, the most common among the elderly are metabolic disturbances, infection, stroke, and drugs, particularly anticholinergic and narcotic medications. The most common causes among the young are drug abuse and alcohol withdrawal.


Table 4.1 Major Causes of Delirium






	Metabolic disorders

	Cardiac encephalopathy, hepatic encephalopathy, uremia, hypoglycemia, hypoxia, hyponatremia, hypo-/hypercalcemia, hypo-/hypermagnesemia, other electrolyte disturbances, acidosis, hyperosmolar coma, endocrinopathies (thyroid, parathyroid, pituitary), porphyria, vitamin deficiencies (thiamine, vitamin B12, nicotinic acid, folic acid), toxic and industrial exposures (carbon monoxide, organic solvent, lead, manganese, mercury, carbon disulfide, heavy metals)






	Drug related

	Withdrawal syndromes (alcohol, benzodiazepines, barbiturates, other), amphetamines, cocaine, coffee, phencyclidine, hallucinogens, inhalants, meperidine and other narcotics, antiparkinsonism drugs, sedative-hypnotics, corticosteroids, anticholinergic and antihistaminic drugs, cardiovascular agents (beta-blockers, clonidine, digoxin), psychotropics (phenothiazines, clozapine, lithium, tricyclic antidepressants, trazodone), 5-fluorouracil and cytotoxic antineoplastics, anticonvulsants (phenobarbital, phenytoin, valproate), cimetidine, disulfiram, ergot alkaloids, salicylates, methyldopa, and selected antiinfectious agents (acyclovir, amphotericin B, cephalexin, chloroquine, isoniazid, rifampin)






	Infections

	Meningitis, encephalitis, brain abscess, neurosyphilis, Lyme neuroborreliosis, cerebritis, systemic infections with septicemia






	Neurological

	Strokes, epilepsy, head injury, hypertensive encephalopathy, brain tumors, migraine, other neurovascular disorders






	Perioperative

	Specific surgeries (cardiac, orthopedic, ophthalmological), anesthetic and drug effects, hypoxia and anemia, hyperventilation, fluid and electrolyte disturbances, hypotension, embolism, infection or sepsis, pain, fragmented sleep, sensory deprivation or overload






	Miscellaneous

	Cerebral vasculitides, paraneoplastic and limbic encephalitis, hyperviscosity syndromes, trauma, cardiovascular, dehydration, sensory deprivation











Metabolic Disturbances


Metabolic disturbances are the most common causes of delirium (see Chapter 49, Chapter 55, Chapter 56, Chapter 57, Chapter 58 ). Fortunately, the examination and routine laboratory tests screen for most acquired metabolic disturbances that might be encountered. Because of the potential for life-threatening or permanent damage, some of these conditions—particularly hypoxia and hypoglycemia—must be considered immediately. Also consider dehydration, fluid and electrolyte disorders, and disturbances of calcium and magnesium. The rapidity of change in an electrolyte level may be as important a factor as its absolute value for the development of delirium. For example, some people tolerate chronic sodium levels of 115 mEq/L or less, but a rapid fall to this level can precipitate delirium, seizures, or even central pontine myelinolysis, particularly if the correction of hyponatremia is too rapid. Hypoxia from low cardiac output, respiratory insufficiency, or other causes is another common source of delirium. A cardiac encephalopathy may ensue from heart failure, increased venous pressure transmitted to the dural venous sinuses and veins, and increased ICP (Caplan, 2006). Also consider other major organ failures such as liver and kidney failure, including the possibility of unusual causes such as undetected portocaval shunting or acute pancreatitis with the release of lipases. Delirium due to endocrine dysfunction often has prominent affective symptoms such as hyperthyroidism and Cushing syndrome. Delirium occasionally results from toxins including industrial agents, pollutants, and heavy metals such as arsenic, bismuth, gold, lead, mercury, thallium, and zinc. Other considerations are inborn errors of metabolism such as acute intermittent porphyria. Finally, it is particularly important to consider thiamine deficiency. In alcoholics and others at risk, thiamine must be given immediately to avoid precipitating Wernicke encephalopathy with the administration of glucose.









Drugs


Drug intoxication and drug withdrawal are among the most common causes of delirium. Approximately 50% of patients over the age of 65 take five or more chronic medications daily, and medications contribute to delirium in up to 39% of these patients (Inouye and Charpentier, 1996). Drug effects are additive, and drugs that are especially likely to cause delirium are those with anticholinergic properties, including many over-the-counter cold preparations, antihistamines, antidepressants, and neuroleptics. Patients with anticholinergic intoxication present “hot as a hare, blind as a bat, dry as a bone, red as a beet, and mad as a hatter,” reflecting fever, dilated pupils, dry mouth, flushing, and delirium. Other important groups of drugs associated with delirium, especially in the elderly, are sedative-hypnotics such as long-acting benzodiazepines, narcotic analgesics and meperidine, and histamine-2 receptor blockers. Antiparkinsonism drugs result in confusion with prominent hallucinations and delusions in patients with Parkinson disease who are particularly susceptible. Corticosteroid psychosis may develop in patients taking the equivalent of 40 mg/day or more of prednisone. The behavioral effects of corticosteroids often begin with euphoria and hypomania and proceed to a hyperactive delirium. Any drug administered intrathecally, such as metrizamide, is prone to induce confusional behavior. Drug withdrawal syndromes can be caused by many agents including barbiturates and other minor tranquilizers, sedative-hypnotics, amphetamines, cocaine or “crack,” and alcohol. Delirium tremens begins 72 to 96 hours after alcohol withdrawal, with profound agitation, tremulousness, diaphoresis, tachycardia, fever, and frightening visual hallucinations.









Infections


Infections and fevers often produce delirium. The main offenders are urinary tract infections, pneumonia, and septicemia. In a sporadic encephalitis or meningoencephalitis, important causal considerations are herpes simplex virus, Lyme disease, and acquired immunodeficiency syndrome (AIDS) (see Chapter 53A). Patients with AIDS may be delirious because of the human immunodeficiency virus (HIV) itself or because of an opportunistic infection. Immunocompromised patients are at greater risk of infection, and any suspicion of infection should prompt culture of urine, sputum, blood, and cerebrospinal fluid.









Strokes


Delirium can be the nonspecific consequence of any acute stroke, but most postinfarct confusion usually resolves in 24 to 48 hours (see Chapter 51B). Sustained delirium can result from specific strokes, including right middle cerebral artery infarcts affecting prefrontal and posterior parietal areas, and posterior cerebral artery infarcts resulting in either bilateral or left-sided occipitotemporal lesions (fusiform gyrus). The latter lesions can lead to agitation, visual field changes, and even Anton syndrome (see Chapter 14). Delirium may also follow occlusion of the anterior cerebral artery or rupture of an anterior communicating artery aneurysm with involvement of the anterior cingulate gyrus and septal region. Thalamic or posterior parietal cortex strokes may present with severe delirium, even with small lesions.


Other cerebrovascular conditions that can produce delirium include high-grade bilateral carotid stenosis, hypertensive encephalopathy, subarachnoid hemorrhage, and central nervous system (CNS) vasculitides such as systemic lupus erythematosus, temporal arteritis, and Behçet syndrome. Migraine can present with delirium, particularly in children. It must be emphasized that the frequency of delirium in transient ischemic attacks, even in vertebrobasilar insufficiency, is low. Transient ischemic attacks should not be considered the cause of delirium unless there are other neurological signs and an appropriate time course.









Epilepsy


Abnormal brain electrical activity is associated with delirium in four conditions: (1) ictally, with absence status, complex partial status, tonic status without convulsions, or periodic lateralizing epileptiform discharges; (2) postictally, after complex partial or generalized tonic-clonic seizures; (3) interictally manifested as increasing irritability, agitation, and affective symptoms associated with the prodrome of impending seizures; and (4) from the cognitive effects of anticonvulsant medications.









Postoperative Causes


The cause of delirium in postoperative patients is often multifactorial (Robinson et al., 2009; Winawer, 2001). Predisposing factors to postoperative delirium include age older than 70 years, preexisting CNS disorders such as dementia and Parkinson disease, severe underlying medical conditions, a history of alcohol abuse, impaired functional status, and hypoalbuminemia. Precipitating factors include residual anesthetic and drug effects (especially after premedication with anticholinergic drugs), postoperative hypoxia, perioperative hypotension, electrolyte imbalances, infections, psychological stress, and multiple awakenings with fragmented sleep. There is no clear correlation of delirium with specific anesthetic route. Postoperative delirium may start at any time but often becomes evident about the third day and abates by the seventh, although it may last considerably longer.


A number of surgeries are associated with a high rate of postoperative delirium. Between 30% and 40% of patients experience delirium after open heart or coronary artery bypass surgery. Patients older than 60 years are at special risk for postoperative delirium after cardiac surgery. Additional factors are decreased postoperative cardiac output and length of time on cardiopulmonary bypass machine, with its added risk for microemboli. In addition to an already high rate of delirium following fractures (up to 35.6% after hip fracture), orthopedic surgeries, particularly femoral neck fractures and bilateral knee replacements, further increase the frequency of delirium by about 18%. Emergency hip fracture repair is associated with a higher risk of delirium than elective hip surgery (Bruce et al., 2007). Elective noncardiac thoracic surgery is also associated with a 9% to 14% frequency of delirium in the elderly. Cataract surgery is associated with a 7% frequency of delirium, possibly because of sensory deprivation. Patients who have undergone prostate surgery may develop delirium associated with water intoxication as a result of absorption of irrigation water from the bladder.









Other Neurological Causes


Other CNS disturbances predispose to delirium. In general, patients with dementia, Lewy body disease, Parkinson disease, and atrophy or subcortical ischemic changes on neuroimaging are particularly susceptible. Electroconvulsive therapy often produces a delirium of one week or more. Head trauma can result in delirium as a consequence of brain concussion, brain contusion, intracranial hematoma, or subarachnoid hemorrhage (see Chapters 51B and 51C). Moreover, subdural hematomas can occur in the elderly with little or no history of head injury. Rapidly growing tumors in the supratentorial region are especially likely to cause delirium with increased ICP. Paraneoplastic processes produce limbic encephalitis and multifocal leukoencephalitis. Delirium can result from acute demyelinating diseases and other diffuse multifocal lesions, and from communicating or noncommunicating hydrocephalus. Some patients with transient global amnesia have initial delirium before the pathognomonic and prominent anterograde amnesia. Transient global amnesia patients also have limited retrograde amnesia for the preceding hours and improve within 24 hours. In Wernicke encephalopathy, delirium accompanies oculomotor paresis, nystagmus, ataxia, and frequently residual amnesia (Korsakoff psychosis).









Miscellaneous Causes


Various other disturbances can produce delirium. Bone fractures are associated with delirium in the elderly, and about 50% of those admitted with a hip fracture have delirium. Time from admission to operation in these patients is an additional risk factor for development of preoperative delirium (Juliebo et al., 2009). In orthopedic cases, the possibility of fat emboli requires evaluation of urine, sputum, or cerebrospinal fluid for fat. ICU psychosis is associated with sleep deprivation, immobilization, unfamiliarity, fear, frightening sensory overstimulation or sensory deprivation, isolation, transfer from another hospital ward, mechanical ventilation, psychoactive medications, and use of drains, tubes, and catheters (Van Rompaey et al., 2009). Delirium results from blood dyscrasias including anemia, thrombocytopenia, and disseminated intravascular coagulopathy. Finally, physical factors such as heatstroke, electrocution, and hypothermia may be causal.












Special Problems in Differential Diagnosis


Delirium must be distinguished from dementia, Wernicke aphasia, and psychiatric conditions (see Chapters 6, 8, 9, and 12A). The main differentiating features of dementia are the longer time course and the absence of prominent fluctuating attentional and perceptual deficits. Chronic confusional states lasting 6 months or more are a form of dementia. Patients with delirium that becomes chronic tend to settle into a lethargic state without the prominent fluctuations throughout the day, and they have fewer perceptual problems and less disruption of the day/night cycle. In addition, delirium and dementia often overlap because demented patients have increased susceptibility for developing a superimposed delirium. Demented patients who suddenly get worse should always be evaluated for delirium. Moreover, distinguishing delirium from certain forms of dementia such as vascular dementia and dementia with Lewy bodies may be particularly difficult. Patients with vascular dementia may have an acute onset or sharp decline in cognition similar to delirium. Patients with dementia with Lewy bodies have fluctuations in attention and alertness and visual hallucinations that can look identical to delirium. Most of these patients, however, have parkinsonism, repeated falls, or other supportive features. Nevertheless, the differential diagnosis of delirium and dementia with Lewy bodies may not be possible until after a diagnostic workup is completed.


The language examination should distinguish Wernicke aphasia from the language of delirium. Aphasics have prominent paraphasias of all types, including neologisms, and they have relatively preserved response to axial or whole-body commands. Their agraphia is also empty of content and is paragraphic compared with the mechanical and other writing disturbances previously described in patients with delirium.


Psychiatric conditions that may be mistaken for delirium include schizophrenia, depression, mania, attention deficit disorder, autism, dissociative states, and Ganser syndrome, which is characterized by ludicrous or approximate responses (see Chapter 8). In general, patients with psychiatric conditions lack the fluctuating attentional and related deficits associated with delirium. Schizophrenic patients may have a very disturbed verbal output, but their speech often has an underlying bizarre theme. Schizophrenic hallucinations are more often consistent persecutory voices rather than fleeting visual images, and their delusions are more systematized and have personal reference. Conversely, delirious hallucinations are usually visual, and the delusions are more transitory and fragmented. Mood disorders may also be mistaken for delirium, particularly if there is an acute agitated depression or a predominantly irritable mania. A general rule is that psychiatric behaviors such as psychosis or mania may be due to delirium, especially if they occur in someone who is 40 years or older without a prior psychiatric history. They should be regarded as delirium until proven otherwise.


Table 4.2 outlines the special problems that must be considered in the differential diagnosis of delirium.




Table 4.2 Special Problems in the Differential Diagnosis of Delirium*


[image: image]














Prevention and Management


As many as 30% to 40% of cases of delirium may be prevented with provision of high-quality care (Inouye, 2006). Misdiagnosis of delirium results in inadequate management in up to 80% of patients (Michaud et al., 2007), and about half of elderly patients affected by delirium actually develop symptoms after admission to the hospital. Early identification of patients with predisposing risk factors is important, especially in a frail geriatric population (Laurila et al., 2008). In addition, early intervention by geriatricians and admission to geriatric-focused inpatient hospital wards have been shown to reduce delirium rates (Bo et al., 2009; Marcantonio et al., 2001). Multifactorial intervention programs can reduce the duration of delirium, length of hospital stay, and mortality (Bergmann et al., 2005; Inouye et al., 1999; Lundstrom et al., 2005). These programs focus on managing risk factors such as cognitive impairment, sleep deprivation, immobility, visual and hearing impairment, and dehydration, particularly in intermediate-risk patients (Inouye et al., 1999). They also focus on educational programs for physicians and nurses in the detection and management of delirium. Nurses in particular spend more time with patients than physicians do, and they may be in a better position to recognize delirium.


There are several steps in the management of delirium. First, attention is aimed at finding the cause and eliminating it. Second, the delirium is managed with symptomatic measures involving attention to fluid and electrolyte balance, nutritional status, and early treatment of infections. Third, management focuses on environmental interventions. Reduce unfamiliarity by providing a calendar, a clock, family pictures, and personal objects. Maintain a moderate sensory balance in the patient by avoiding sensory overstimulation or deprivation. Minimize staff changes, limit ambient noise and the number of visits from strangers, and provide a radio or a television set, a nightlight, and where necessary, eyeglasses and hearing aids. Other environmental measures include providing soft music and warm baths and allowing the patient to take walks when possible. Physical restraints should be avoided if possible and a sitter used instead. Fourth, proper communication and support are critical with these patients. As much as possible, everything should be explained. Delusions and hallucinations should be neither endorsed nor challenged. Patients should receive emotional support including frequent family visits. They also benefit from frequent reorientation to place, time, and situation.


In general, it is best to avoid the use of drugs in confused patients, because they further cloud the picture and may worsen delirium. All the patient’s medications should be reviewed, and any unnecessary drugs should be discontinued. When medication is needed, the goal is to make the patient manageable, not to decrease loud or annoying behavior or to sedate them (Inouye, 2006). These patients should receive the lowest possible dose and should not get drugs such as phenobarbital or long-acting benzodiazepines. In particular, use of benzodiazepines can have a paradoxical effect in the elderly, causing agitation and confusion. Medication may be necessary if the patient’s behavior is potentially dangerous, interferes with medical care, or causes the patient profound distress. Clinicians most often use haloperidol (starting at 0.25 mg daily) for these symptoms. Haloperidol may be repeated every 30 minutes, PO or IM, up to a maximum of 5 mg/day. After the first 24 hours, 50% of the loading dose may be given in divided doses over the next 24 hours, then the dose should be tapered off over the next few days (Inouye, 2004). The atypical antipsychotics—risperidone, olanzapine, quetiapine, and aripiprazole—may be used at low doses (Attard, Ranjith, and Taylor, 2008). Safety and efficacy of the atypical and typical antipsychotics are similar (Fong, Tulebaev, and Inouye, 2009). Results in favor of acetylcholinesterase inhibitors for delirium management have not been borne out in controlled trials, though in some cases, such as in patients with Lewy body dementia, they can be helpful (Attard, Ranjith, and Taylor, 2008; Tabet and Howard, 2009). Other medications such as valproate, ondansetron, or melatonin may be effective and safe in selected cases. Finally, there is no evidence for the preventive use of haloperidol or related medications prior to the development of delirium, though it may reduce severity and duration postoperatively, as well as duration of hospital stay (Kalisvaart et al., 2005). Evidence for preventive use of acetylcholinesterase inhibitors after surgery is also not supportive, though this conclusion is based only on small pilot studies (Attard, Ranjith, and Taylor, 2008; Tabet and Howard, 2009).









Prognosis


The prognosis for recovery from delirium is variable. If the causative factor is rapidly corrected, recovery can be complete, with an average duration of delirium of about 8 days (2 days to 2 weeks). Delirium present at discharge is associated with a 2.6-fold increased risk of death or nursing home placement (McAvay et al., 2006), and delirium persisting after hospital discharge is associated with a 2.9-fold risk of death within the following year. This risk appears to be reversible with the resolution of delirium (Kiely et al., 2009). The link between delirium and subsequent long-term cognitive impairment is also firmly established (MacLullich et al., 2009).


In the elderly, delirium may not be a transient disorder. For them, the duration of delirium is often longer than that of their underlying medical problem. Moreover, after hospital discharge, older patients who are delirious may not recover back to baseline (Fong, Tulebaev, and Inouye, 2009; MacLullich et al., 2009; McCusker et al., 2002). In one study, 14.8% still met criteria for delirium 12 months after discharge (Rockwood et al., 1999). A partial delirium with some but not all criteria for delirium may persist in many elderly patients.


Delirium is an independent predictor of adverse outcomes in older hospitalized patients; particularly in the presence of baseline cognitive impairment or dementia, it is associated with an increased mortality rate and may accelerate cognitive decline (Adamis et al., 2006; MacLullich et al., 2009; McCusker et al., 2002). Delirium in the elderly predicts sustained poor cognitive and functional status and increased likelihood of nursing home placement after a medical admission. Hypoactive delirious patients appear to be at particular risk because of complications from aspiration and inadequate oral nutrition as well as falls and pressure sores. In general, however, clinicians can greatly improve prognosis with increased awareness of delirium, more rapid diagnosis of the causative factor(s), and better overall management.
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Definitions


Consciousness may be defined as a state of awareness of self and surroundings. Alterations in consciousness are conceptualized into two types. The first type affects arousal and is the subject of this chapter. The second type involves cognitive and affective mental function, sometimes referred to as the “content” of mental function. Examples of the latter type of alteration in consciousness are dementia (see Chapter 6), delusions, confusion, and inattention (see Chapter 9). These altered states of consciousness, with the exception of advanced dementia, do not affect the level of arousal. Sleep, the only normal form of altered consciousness, is discussed in Chapter 68.


The term delirium describes a clouding of consciousness with reduced ability to sustain attention to environmental stimuli. Diagnostic criteria for delirium from the American Psychiatric Association’s Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-R) include at least two of the following: (1) perceptual disturbance (misinterpretations, illusions, or hallucinations), (2) incoherent speech at times, (3) disturbance of sleep/wake cycle, and (4) increased or decreased psychomotor activity. Delirium is a good example of a confusional state in which a mild decline in arousal may be clinically difficult to separate from a change in cognitive or affective mental function. In clinical practice, the exact boundary between different forms of altered consciousness may be vague. Alterations in arousal, though often referred to as “altered levels of consciousness,” do not actually form discrete levels but rather are made up of a continuum of subtly changing behavioral states that range from alert to comatose. These states are dynamic and thus may change with time. Four points on the continuum of arousal are often used in describing the clinical state of a patient: alert, lethargic, stuporous, and comatose. Alert refers to a perfectly normal state of arousal. Lethargy lies between alertness and stupor. Stupor is a state of baseline unresponsiveness that requires repeated application of vigorous stimuli to achieve arousal. Coma is a state of complete unresponsiveness to arousal in which the patient lies with the eyes closed. The terms lethargy and stupor cover a broad area on the continuum of behavioral states and thus are subject to misinterpretation by subsequent observers of a patient when used without further qualification. In clinical practice, in which relatively slight changes in arousal may be significant, only the terms alert and comatose (the endpoints of the continuum) have enough precision to be used without further qualification.









Conditions That May Mimic Coma


Several different states of impaired cognition or consciousness may appear similar to coma or be confused with it (Table 5.1). Moreover, patients who survive the initial coma may progress to certain of these syndromes after varying lengths of time. Once sleep/wake cycles become established, true coma is no longer present. Differentiation of these states from true coma is important to allow administration of appropriate therapy and help determine prognosis.




Table 5.1 Behavioral States Confused with Coma


[image: image]




In the locked-in syndrome (de-efferented state), patients are alert and aware of their environment but are quadriplegic, with lower cranial nerve palsies resulting from bilateral ventral pontine lesions that involve the corticospinal, corticopontine, and corticobulbar tracts. These patients are awake and alert but are voluntarily able only to move their eyes vertically or blink. The locked-in syndrome most often is observed as a consequence of pontine infarction due to basilar artery thrombosis. Other causes include central pontine myelinolysis and brainstem mass lesions. A state similar to the locked-in syndrome also may be seen with severe polyneuropathy—in particular, acute inflammatory demyelinating polyradiculoneuropathy, myasthenia gravis, and poisoning with neuromuscular blocking agents.


In the persistent vegetative state (PVS), patients have lost cognitive neurological function but retain vegetative or noncognitive neurological function such as cardiac action, respiration, and maintenance of blood pressure. This state follows coma and is characterized by absence of cognitive function or awareness of the environment despite a preserved sleep/wake cycle. Spontaneous movements may occur, and the eyes may open in response to external stimuli, but the patient does not speak or obey commands. Diagnostic criteria for PVS are provided in Box 5.1. Diagnosis of this condition should be made cautiously and only after extended periods of observation. A number of poorly defined syndromes have been used synonymously with PVS, including apallic syndrome or state, akinetic mutism, coma vigil, alpha coma, neocortical death, and permanent unconsciousness. These terms, used variously by different authors, probably are best avoided because of their lack of precision.





Box 5.1


Criteria for Diagnosis of Persistent Vegetative State







1. No evidence of awareness of themselves or their environment; they are incapable of interacting with others


2. No evidence of sustained, reproducible, purposeful, or voluntary behavioral responses to visual, auditory, tactile, or noxious stimuli


3. No evidence of language comprehension or expression


4. Intermittent wakefulness manifested by the presence of sleep/wake cycles


5. Sufficiently preserved hypothalamic and brainstem autonomic functions to survive if given medical and nursing care


6. Bowel and bladder incontinence


7. Variably preserved cranial nerve (pupillary, oculocephalic, corneal, vestibulo-ocular, and gag) and spinal reflexes





Data from The Multi-Society Task Force on PVS, 1994. Medical aspects of the persistent vegetative state. N Engl J Med 330, 1499-1508, 1572-1579.





A condition that has been estimated to be 10 times more common than PVS is the minimally conscious state, in which severe disability accompanies minimal awareness. A set of diagnostic criteria for the minimally conscious state has been proposed (Box 5.2). Abulia is a severe apathy in which patients have blunting of feeling, drive, mentation, and behavior such that they neither speak nor move spontaneously.





Box 5.2


Criteria for the Minimally Conscious State


To diagnose a minimally conscious state, limited but clearly discernible evidence of self- or environmental awareness must be demonstrated on a reproducible or sustained basis by one or more of the following behaviors:




1. Follows simple commands


2. Gestural or verbal yes/no responses (regardless of accuracy)


3. Intelligible verbalization


4. Purposeful behavior, including movements or affective behaviors that occur in contingent relationship to relevant environmental stimuli and are not due to reflexive activity





Data from Giacino, J.T., Ashwal, S., Childs, N., et al., 2002. The minimally conscious state: definition and diagnostic criteria. Neurology 58, 349-353.





Catatonia may result in a state of muteness with dramatically decreased motor activity. The maintenance of body posture, with preserved ability to sit or stand, distinguishes it from organic pathological stupor. It generally is a psychiatric manifestation but may be mimicked by frontal lobe dysfunction or drug effect.


Pseudocoma is the term for a condition in which the patient appears comatose (i.e., unresponsive, unarousable, or both) but has no structural, metabolic, or toxic disorder.









Approach to the Patient in Coma


The initial clinical approach to the patient in a state of stupor or coma is based on the principle that all alterations in arousal constitute acute life-threatening emergencies until vital functions such as blood pressure and oxygenation are stabilized, potentially reversible causes of coma are treated, and the underlying cause of the alteration in arousal is understood. Urgent steps may be necessary to avoid or minimize permanent brain damage from reversible causes. In view of the urgency of this situation, every physician should develop a diagnostic and therapeutic routine to use with a patient with an alteration in consciousness. A basic understanding of the mechanisms that lead to impairment in arousal is necessary to develop this routine. The anatomical and physiological bases for alterations in arousal are discussed in Chapter 68.


Although it is essential to keep in mind the concept of a spectrum of arousal, for the sake of simplicity and brevity only the term coma is used in the rest of this chapter. Table 5.2 lists many of the common causes of coma. More than half of all cases of coma are due to diffuse and metabolic brain dysfunction. In Plum and Posner’s landmark study (1980, see 2007 revision) of 500 patients initially diagnosed as having coma of unknown cause (in whom the diagnosis was ultimately established), 326 patients had diffuse and metabolic brain dysfunction. Almost half of these had drug poisonings. Of the remaining patients, 101 had supratentorial mass lesions, including 77 hemorrhagic lesions and 9 infarctions; 65 had subtentorial lesions, mainly brainstem infarctions; and 8 had psychiatric coma.


Table 5.2 Causes of Coma






	I.  SYMMETRICAL-NONSTRUCTURAL






	Toxins






	



Lead


Thallium


Mushrooms


Cyanide


Methanol


Ethylene glycol


Carbon monoxide












	Drugs






	



Sedatives


Barbiturates*


Other hypnotics


Tranquilizers


Bromides


Alcohol


Opiates


Paraldehyde


Salicylate


Psychotropics


Anticholinergics


Amphetamines


Lithium


Phencyclidine


Monoamine oxidase inhibitors












	II.  SYMMETRICAL-STRUCTURAL






	Supratentorial






	



Bilateral internal carotid occlusion


Bilateral anterior cerebral artery occlusion












	III.  ASYMMETRICAL-STRUCTURAL






	Supratentorial






	



Thrombotic thrombocytopenic purpura†


Disseminated intravascular coagulation


Nonbacterial thrombotic endocarditis marantic endocarditis


Subacute bacterial endocarditis


Fat emboli


Unilateral hemispheric mass (tumor, bleed) with herniation












	Metabolic






	



Hypoxia


Hypercapnia


Hypernatremia


Hyponatremia*


Hypoglycemia*


Hyperglycemic nonketotic coma


Diabetic ketoacidosis


Lactic acidosis


Hypercalcemia


Hypocalcemia


Hypermagnesemia


Hyperthermia


Hypothermia


Reye syndrome encephalopathy












	



Aminoacidemia


Wernicke encephalopathy


Porphyria


Hepatic encephalopathy*


Uremia


Dialysis encephalopathy


Addisonian crisis












	Subarachnoid Hemorrhage






	



Thalamic hemorrhage*


Trauma—contusion, concussion*


Hydrocephalus












	Subdural Hemorrhage, Bilateral






	



Intracerebral bleed


Pituitary apoplexy†


Massive or bilateral supratentorial infarction


Multifocal leukoencephalopathy


Creutzfeldt-Jakob disease


Adrenal leukodystrophy


Cerebral vasculitis


Cerebral abscess












	Infections






	



Bacterial meningitis


Viral encephalitis


Postinfectious encephalomyelitis


Syphilis


Sepsis


Typhoid fever


Malaria


Waterhouse-Friderichsen syndrome












	Psychiatric






	Catatonia






	Other






	



Postictal


Diffuse ischemia (myocardial infarction,  congestive heart failure, arrhythmia)


Hypotension


Fat embolism


Hypertensive encephalopathy


Hypothyroidism












	Infratentorial






	



Basilar occlusion*


Midline brainstem tumor


Pontine hemorrhage*












	Subdural Empyema






	



Thrombophlebitis†


Multiple sclerosis


Leukoencephalopathy associated with hemotherapy


Acute disseminated encephalomyelitis


Infratentorial


Brainstem infarction


Brainstem hemorrhage













* Relatively common asymmetrical presentation.


† Relatively symmetrical.


Data from Plum, F., Posner, J.B., 1980. The Diagnosis of Stupor and Coma, third ed. F.A. Davis, Philadelphia; and from Fisher, C.M., 1969. The neurological examination of the comatose patient. Acta Neurol Scand 45, 1-56.


A logical decision tree often used in searching for the cause of coma divides the categories of diseases that cause coma into three groups: structural lesions, which may be above or below the tentorium; metabolic and toxic causes; and psychiatric causes. The history and physical examination usually provide sufficient evidence to determine the presence or absence of a structural lesion and quickly differentiate the general categories to either decide what further diagnostic tests are needed or allow for immediate intervention if necessary.


Serial examinations are needed, with precise description of the behavioral state at different points in time to determine whether the patient is improving or—a more ominous finding—worsening, and to decide whether a change in therapy or further diagnostic testing is necessary. Subtle declines in the intermediate states of arousal may herald precipitous changes in brainstem function, which may affect regulation of vital functions such as respiration or blood pressure. The dynamic quality of alterations of consciousness and the need for accurate documentation at different points in time cannot be overemphasized.






Rapid Initial Examination and Emergency Therapy


A relatively quick initial assessment is conducted to ensure that the comatose patient is medically and neurologically stable before a more detailed investigation is undertaken. This rapid initial examination is essential to rule out the need for immediate medical or surgical intervention. In addition, various supportive or preventive measures may be indicated.


Urgent and sometimes empirical therapy is given to prevent further brain damage. Potential immediate metabolic needs of the brain are supplied by empirical use of supplemental oxygen, intravenous (IV) thiamine (at least 100 mg), and IV 50% dextrose in water (25 g). A baseline serum glucose level should be obtained before glucose administration.


The use of IV glucose in patients with ischemic or anoxic brain damage is controversial. Extra glucose may augment local lactic acid production by anaerobic glycolysis and may worsen ischemic or anoxic damage. Clinically, however, we currently recommend empirical glucose administration when the cause of coma is unknown. There are two reasons for this approach: (1) the frequent occurrence of alterations in arousal due to hypoglycemia and the relatively good prognosis for coma due to hypoglycemia when it is treated expeditiously; and (2) the potentially permanent consequences if it is not treated. By comparison, the prognosis for anoxic or ischemic coma generally is poor and probably will remain poor regardless of glucose supplementation.


Thiamine must always be given in conjunction with glucose to prevent precipitation of Wernicke encephalopathy. Naloxone hydrochloride may be given parenterally, preferably IV, in doses of 0.4 to 2 mg if opiate overdose is the suspected cause of coma. An abrupt and complete reversal of narcotic effect may precipitate an acute abstinence syndrome in persons who are physically dependent on opiates.


Initial examination should include a check of general appearance, blood pressure, pulse, temperature, respiratory rate and breath sounds, best response to stimulation, pupil size and responsiveness, and posturing or adventitious movements. The neck should be stabilized in all instances of trauma until cervical spine fracture or subluxation can be ruled out. The airway should be protected in all comatose patients and an IV line placed.


In coma, however, the classic sign of an acute condition in the abdomen—namely, abdominal rigidity—may be subtle or absent. In addition, the diagnosis of blunt abdominal trauma is difficult in patients with a change in mental status. Therefore, in unconscious patients with a history of trauma, peritoneal lavage by an experienced surgeon may be warranted.


Hypotension, marked hypertension, bradycardia, arrhythmias causing depression of blood pressure, marked hyperthermia, and signs of cerebral herniation mandate immediate therapeutic intervention.


Hyperthermia or meningismus prompts consideration of urgent lumbar puncture (LP). Examination of the fundus of the eye for papilledema and a computed tomography (CT) scan of the brain should be performed before LP in any comatose patient. Although the only absolute contraindication to LP is the presence of an infection over the site of puncture, medicolegal considerations make a CT scan mandatory before LP. To avoid a delay in therapy required to perform a CT scan, some authorities recommend initiating antibiotics immediately when acute bacterial meningitis is strongly suspected, though this may prevent subsequent identification of the responsible organism.


The risk of herniation from an LP in patients with evidence of increased intracerebral pressure is difficult to ascertain from the literature; estimates range from 1% to 12%, depending on the series (Posner et al., 2007). It is important to recognize that both central and tonsillar herniation may increase neck tone.


Despite an elevated intracranial pressure (ICP), sufficient cerebrospinal fluid (CSF) should always be obtained to perform the necessary studies; bacterial culture and cell count, essential in cases of suspected bacterial meningitis, requires but a few milliliters of fluid. Intravenous access and IV mannitol should be ready in the event unexpected herniation begins after the LP. When the CSF pressure is greater than 500 mm H2O, some authorities recommend leaving the needle in place to monitor the pressure and administering IV mannitol to lower the pressure. If focal signs develop during or after the LP, immediate intubation and hyperventilation also may be necessary to reduce intracerebral pressure urgently until more definitive therapy is available.


Ecchymosis, petechiae, or evidence of ready bleeding on general examination may indicate coagulation abnormality or thrombocytopenia. This increases the risk of epidural hematoma after an LP, which may cause devastating spinal cord compression. Measurements of prothrombin time, partial thromboplastin time, and platelet count should precede LP in these cases, and the coagulation abnormality or thrombocytopenia should be corrected before proceeding to LP.









Common Presentations


Coma usually manifests in one of three ways. Most commonly, it occurs as an expected or predictable progression of an underlying illness. Examples are focal brainstem infarction with extension; chronic obstructive pulmonary disease in a patient who is given too high a concentration of oxygen, thereby decreasing respiratory drive and resulting in carbon dioxide narcosis; and known barbiturate overdose when the ingested drug cannot be fully removed and begins to cause unresponsiveness. Second, coma occurs as an unpredictable event in a patient whose prior medical conditions are known to the physician. The coma may be a complication of an underlying medical illness, such as in a patient with arrhythmia who suffers anoxia after a cardiac arrest. Alternatively, an unrelated event may occur, such as sepsis from an IV line in a cardiac patient or stroke in a hypothyroid patient. Finally, coma can occur in a patient whose medical history is totally unknown to the physician. Sometimes this type of presentation is associated with a known probable cause such as head trauma incurred in a motor vehicle accident, but often the unknown comatose patient presents to the physician without an obvious associated cause. Although the patient without an obvious cause of coma may seem most challenging, thorough objective systematic assessment must be applied in every comatose patient. Special care must be taken not to be lulled or misled by an apparently predictable progression of an underlying illness or other obvious cause of coma.









History


Once the patient is relatively stable, clues to the cause of the coma should be sought by briefly interviewing relatives, friends, bystanders, or medical personnel who may have observed the patient before or during the decrease in consciousness. Telephone calls to family members may be helpful. The patient’s wallet or purse should be examined for lists of medications, a physician’s card, or other information.


Attempts should be made to ascertain the patient’s social background and prior medical history and the circumstances in which the patient was found. The presence of drug paraphernalia or empty medicine bottles suggests a drug overdose. Newer recreational drugs, such as γ-hydroxybutyrate (GHB), must be considered in the differential diagnosis. An oral hypoglycemic agent or insulin in the medicine cabinet or refrigerator implies possible hypoglycemia. Antiarrhythmic agents such as procainamide or quinidine suggest existing coronary artery disease with possible myocardial infarction (MI) or warn that an unwitnessed arrhythmia may have caused cerebral hypoperfusion, with resulting anoxic encephalopathy. Warfarin, typically prescribed for patients with deep venous thrombosis or pulmonary embolism, those at risk for cerebral embolism, and those with a history of brainstem or cerebral ischemia, may be responsible for massive intracerebral bleeding. In patients found to be unresponsive at the scene of an accident such as a car crash, the unresponsive state may be due to trauma incurred in the accident, or sudden loss of consciousness may have precipitated the accident.


The neurologist often is called when patients do not awaken after surgery or when coma supervenes following a surgical procedure. Postoperative causes of coma include many of those listed in Table 5.4. In addition, the physician also must have a high index of suspicion for certain neurological conditions that occur in this setting, including fat embolism, addisonian crisis, hypothyroid coma (precipitated by acute illness or surgical stress), Wernicke encephalopathy from carbohydrate loading without adequate thiamine stores, and iatrogenic overdose of a narcotic analgesic.


Attempts should be made to ascertain whether the patient complained of symptoms before onset of coma. Common signs and symptoms include headache preceding subarachnoid hemorrhage, chest pain with aortic dissection or MI, shortness of breath from hypoxia, stiff neck in meningoencephalitis, and vertigo in brainstem stroke. Nausea and vomiting are common in poisonings. Coma also may be secondary to increased ICP. Observers may have noted head trauma, drug abuse, seizures, or hemiparesis. Descriptions of falling to one side, dysarthria or aphasia, ptosis, pupillary dilatation, or dysconjugate gaze may help localize structural lesions. The time course of the disease as noted by family or friends may help differentiate the often relatively slow, progressive course of toxic-metabolic or infectious causes from abrupt catastrophic changes seen most commonly with vascular events.


Finally, family members or friends may be invaluable in identifying psychiatric causes of unresponsiveness. The family may describe a long history of psychiatric disease, previous similar episodes from which the patient recovered, current social stresses on the patient, or the patient’s unusual idiosyncratic response to stress. Special care must be taken with psychiatric patients because of the often biased approach to these patients, which may lead to incomplete evaluation. Psychiatric patients are subject to all the causes of coma listed in Table 5.4.









General Examination


A systematic, detailed general examination is especially helpful in the approach to the comatose patient who is unable to describe prior or current medical problems. This examination begins in the initial rapid examination with evaluation of blood pressure, pulse, respiratory rate, and temperature.






Blood Pressure Evaluation






Hypotension


Cerebral hypoperfusion secondary to hypotension may result in coma if the mean arterial pressure falls below the value for which the brain is able to autoregulate (normally 60 mm Hg). This value is substantially higher in chronically hypertensive persons, in whom the cerebral blood flow–mean arterial pressure curve is shifted to the right. Among the causes of hypotension are hypovolemia, massive external or internal hemorrhage, MI, cardiac tamponade, dissecting aortic aneurysm, intoxication with alcohol or other drugs (especially barbiturates), toxins, Wernicke encephalopathy, Addison disease, and sepsis. Although most patients with hypotension are cold because of peripheral vasoconstriction, patients with Addison disease or sepsis may have warm shock due to peripheral vasodilation. Medullary damage also may result in hypotension due to damage to the pressor center.









Hypertension


Hypertension is the cause of alterations in arousal in hypertensive crisis and is seen secondarily as a response to cerebral infarction, in subarachnoid hemorrhage, with certain brainstem infarctions, and with increased intracerebral pressure. The Kocher-Cushing (or Claude Bernard) reflex is the development of hypertension associated with bradycardia and respiratory irregularity due to increased ICP. This response occurs more commonly in the setting of a posterior fossa lesion and in children. It results from compression or ischemia of the pressor area lying beneath the floor of the fourth ventricle. Hypertension is a common condition and thus may be present but unrelated to the cause of coma.












Heart Rate


In addition to the Kocher-Cushing reflex, bradycardia can result from myocardial conduction blocks, with certain poisonings, and from effects of drugs such as the beta-blockers. Tachycardia is a result of hypovolemia, hyperthyroidism, fever, anemia, and certain toxins and drugs including cocaine, atropine, and other anticholinergic medications.









Respiration


The most common causes of decreased respiratory rate are metabolic or toxic, such as carbon dioxide narcosis or drug overdose with central nervous system (CNS) depressants. Increased respiratory rate can result from hypoxia, hypercapnia, acidosis, hyperthermia, hepatic disease, toxins or drugs (especially those that produce metabolic acidosis, such as methanol, ethylene glycol, paraldehyde, and salicylates), sepsis, pulmonary embolism (including fat embolism), and sometimes is seen in psychogenic unresponsiveness. Brainstem lesions causing hypopnea or hyperpnea are discussed later in the chapter. Changes in respiratory rate or rhythm in a comatose patient may be deceiving because a metabolic disorder may coexist with a CNS lesion.









Temperature


Core temperature must be measured with a rectal probe in a comatose patient, because oral or axillary temperatures are unreliable. Pyrexia most often is a sign of infection. Accordingly, any evidence of fever in a comatose patient warrants strong consideration of LP. Absence of an elevated temperature does not rule out infection. Immunosuppressed patients, elderly patients, and patients with metabolic or endocrine abnormalities such as uremia or hypothyroidism may not experience an increase in temperature in response to overwhelming infection. Pure neurogenic hyperthermia is rare and usually is due to subarachnoid hemorrhage or diencephalic (hypothalamus) lesions. A clue to brainstem origin is shivering without sweating. Shivering in the absence of sweating, particularly when unilateral in nature, also may be observed with a deep intracerebral hemorrhage. Other causes of increased temperature associated with coma are heatstroke, thyrotoxic crisis, and drug toxicity. (Atropine and other anticholinergics elevate core temperature but decrease diaphoresis, resulting in a warm, dry patient with dilated pupils and diminished bowel sounds.)


Except in heatstroke and malignant hyperthermia, fever does not result in stupor or coma by itself. Conversely, hypothermia—regardless of cause—is anticipated to lead to altered consciousness. Hypothermia causes diminished cerebral metabolism and, if the temperature is sufficiently low, may result in an isoelectric electroencephalogram. Hypothermia usually is metabolic or environmental in cause; however, it also is seen with hypotension accompanied by vasoconstriction and may occur with sepsis. Other causes of hypothermia associated with coma are hypothyroid coma, hypopituitarism, Wernicke encephalopathy, cold exposure, drugs (barbiturates), and other poisonings. Central lesions causing hypothermia are found in the posterior hypothalamus. Absence of shivering or vasoconstriction or presence of sweating are clues to the central origin of these lesions.









General Appearance


The general appearance of the patient may provide further clues to the diagnosis. Torn or disheveled clothing may indicate prior assault. Vomiting may be a sign of increased ICP, drug overdose, or metabolic or other toxic cause. Urinary or fecal incontinence indicates an epileptic seizure or may result from a generalized autonomic discharge resulting from the same cause as for the coma. Examination of body habitus may reveal cushingoid patients at risk for an acute addisonian crisis with abrupt withdrawal of their medications or additional stress from intercurrent illness. Cachexia suggests cancer, chronic inflammatory disorders, Addison disease, hypothyroid coma, or hyperthyroid crisis. The cachectic patient also is subject to Wernicke encephalopathy in association with carbohydrate loading. Gynecomastia, spider nevi, testicular atrophy, and decreased axillary and pubic hair are common in the alcoholic with cirrhosis.









Head and Neck Examination


The head and neck must be carefully examined for signs of trauma. Palpation for depressed skull fractures and edema should be attempted, although this means of evaluation is not very sensitive. Laceration or edema of the scalp is indicative of head trauma. The term raccoon eyes refers to orbital ecchymosis due to anterior basal skull fracture. The Battle sign is a hematoma overlying the mastoid, originating from basilar skull fracture extending into the mastoid portion of the temporal bone. The ecchymotic lesions typically are not apparent until 2 to 3 days after the traumatic event.


Meningismus neck stiffness may be a sign of infectious or carcinomatous meningitis, subarachnoid hemorrhage, or central or tonsillar herniation. Neck stiffness may be absent, however, in coma from any cause but is likely to be present in less severe alterations in arousal. Scars on the neck may be from endarterectomy, implying vascular disease, or from thyroidectomy or parathyroidectomy, suggesting concomitant hypothyroidism, hypoparathyroidism, or both. Goiter may be found with hypothyroidism or hyperthyroidism.









Eye Examination


Examination of the eyes includes observation of the cornea, conjunctiva, sclera, iris, lens, and eyelids. Edema of the conjunctiva and eyelids may occur in congestive heart failure and nephrotic syndrome. Congestion and inflammation of the conjunctiva from exposure may occur in the comatose patient. Enophthalmos indicates dehydration. Scleral icterus is seen with liver disease, and yellowish discoloration of the skin without scleral involvement may be due to drugs such as rifampin. Band keratopathy is caused by hypercalcemia, whereas hypocalcemia is associated with cataracts. Kayser-Fleischer rings are seen in progressive lenticular degeneration (Wilson disease). Arcus senilis is seen in normal aging but also in hyperlipidemia. Fat embolism may cause petechiae in conjunctiva and eye grounds.


Funduscopic examination demonstrates evidence of hypertension or diabetes. Grayish deposits surrounding the optic disc have been reported in lead poisoning. The retina is congested and edematous in methyl alcohol poisoning, and the disc margin may be blurred. Subhyaloid hemorrhage appears occasionally as a consequence of a rapid increase in ICP due to subarachnoid hemorrhage (Terson syndrome). Papilledema results from increased ICP and may be indicative of an intracranial mass lesion or hypertensive encephalopathy.









Otoscopic Examination


Otoscopic examination should rule out hemotympanum or CSF otorrhea from a basilar skull fracture involving the petrous ridge, as well as infection of the middle ear. Infections of the middle ear, mastoid, and paranasal sinuses constitute the most common source of underlying infection in brain abscess. CSF rhinorrhea, which appears as clear fluid from the nose, may depend on head position. Presence of glucose in the watery discharge is virtually diagnostic, although false-positive results are possible.









Oral Examination


Alcohol intoxication, diabetic ketoacidosis (acetone odor), uremia, and hepatic encephalopathy (musty odor of cholemia or fetor hepaticus) may be suspected from the odor of the breath. Arsenic poisoning produces the odor of garlic. Poor oral hygiene or oral abscesses may be a source of sepsis or severe pulmonary infection with associated hypoxemia. Pustules on the nose or upper lip may seed the cavernous sinus with bacteria by way of the angular vein. Lacerations on the tongue, whether old or new, suggest seizure disorder. Thin, blue-black pigmentation along the gingival margin may be seen in certain heavy metal poisonings (bismuth, mercury, and lead).









Integument Examination


Systematic examination of the integument includes inspection of the skin, nails, and mucous membranes. A great deal of information can be gained by a brief examination of the skin (Table 5.3). Hot, dry skin is a feature of heatstroke. Sweaty skin is seen with hypotension or hypoglycemia. Drugs may cause macular-papular, vesicular, or petechial-purpuric rashes or bullous skin lesions. Bullous skin lesions most often are a result of barbiturates but also may be caused by imipramine, meprobamate, glutethimide, phenothiazine, and carbon monoxide. Kaposi sarcoma, anogenital herpetic lesions, or oral candidiasis should suggest the acquired immunodeficiency syndrome (AIDS), with its plethora of CNS abnormalities.


Table 5.3 Skin Lesions and Rashes in Coma






	Lesion or Rash

	Possible Cause






	Antecubital needle marks

	Opiate drug abuse






	Pale skin

	Anemia or hemorrhage






	Sallow, puffy appearance

	Hypopituitarism






	Hypermelanosis (increased pigment)

	Porphyria, Addison disease, chronic nutritional deficiency, disseminated malignant melanoma, chemotherapy






	Generalized cyanosis

	Hypoxemia or carbon dioxide poisoning






	Grayish-blue cyanosis

	Methemoglobin (aniline or nitrobenzene) intoxication






	Localized cyanosis

	Arterial emboli or vasculitis






	Cherry-red skin

	Carbon monoxide poisoning






	Icterus

	Hepatic dysfunction or hemolytic anemia






	Petechiae

	Disseminated intravascular coagulation, thrombotic thrombocytopenic purpura, drugs






	Ecchymosis

	Trauma, corticosteroid use, abnormal coagulation from liver disease or anticoagulants






	Telangiectasia

	Chronic alcoholism, occasionally vascular malformations of the brain






	Vesicular rash

	Herpes simplex, varicella, behçet disease, drugs






	Petechial-purpuric rash

	Meningococcemia, other bacterial sepsis (rarely), gonococcemia, staphylococcemia, pseudomonas, subacute bacterial endocarditis, allergic vasculitis, purpura fulminans, Rocky Mountain spotted fever, typhus, fat emboli






	Macular-papular rash

	Typhus, candida, cryptococcus, toxoplasmosis, subacute bacterial endocarditis, staphylococcal toxic shock, typhoid, leptospirosis, pseudomonas sepsis, immunological disorders: Systemic lupus erythematosus Dermatomyositis Serum sickness






	Other skin lesions:

	 






	Ecthyma gangrenosum

	Necrotic eschar often seen in the anogenital or axillary area in Pseudomonas sepsis






	Splinter hemorrhages

	Linear hemorrhages under the nail, seen in subacute bacterial endocarditis, anemia, leukemia, and sepsis






	Osler nodes

	Purplish or erythematous painful, tender nodules on palms and soles, seen in subacute bacterial endocarditis






	Gangrene of digits, extremities

	Emboli to larger peripheral veins or arteries







Data on diseases associated with rashes from Corey, L., Kirby, P., 1987. Rash and fever. In: Braunwald, E., Isselbacher, K.J., Petersdorf, R.G. (Eds.), Harrison’s Principles of Internal Medicine, eleventh ed. McGraw-Hill, New York, pp. 240-244.









Examination of Lymph Nodes


Generalized lymphadenopathy is nonspecific; it may be seen with neoplasm, infection (including AIDS), collagen vascular disease, sarcoid, hyperthyroidism, Addison disease, and drug reaction (especially that due to phenytoin). Local lymph node enlargement or inflammation, however, may provide clues to a primary tumor site or source of infection.









Cardiac Examination


Cardiac auscultation will confirm the presence of arrhythmias such as atrial fibrillation, with its inherent increased risk of emboli. Changing mitral murmurs are heard with atrial myxomas and papillary muscle ischemia, which is seen with current or impending MI. Constant murmurs indicate valvular heart disease and may be heard with the valvular vegetation of bacterial endocarditis.









Abdominal Examination


Possibly helpful findings on abdominal examination include abnormal bowel sounds, organomegaly, masses, and ascites. Bowel sounds are absent in an acute abdominal condition, as well as with anticholinergic poisoning. Hyperactive bowel sounds may be a consequence of increased gastrointestinal (GI) motility from exposure to an acetylcholinesterase inhibitor (a common pesticide ingredient). The liver may be enlarged as a result of right heart failure or tumor infiltration. Nodules or a rock-hard liver may be due to hepatoma or metastatic disease. The liver may be small and hard in cirrhosis.


Splenomegaly is caused by portal hypertension, hematological malignancies, infection, and collagen vascular diseases. Intraabdominal masses may indicate carcinoma. Ascites occurs with liver disease, right heart failure, neoplasms with metastasis to the liver, or ovarian cancer.









Miscellaneous Examinations


Examination of the breasts in the female and of the testicles in the male and rectal examination may reveal common primary tumors. A positive result on tests for blood in stool obtained at rectal examination is consistent with GI bleeding and, possibly, bowel carcinoma. Large amounts of blood in the GI tract may be sufficient to precipitate hepatic encephalopathy in the patient with cirrhosis.












Neurological Examination


Neurological signs may vary depending on the cause of the impaired consciousness and its severity, and they may be partial or incomplete. For example, the patient may have a partial third nerve palsy with pupillary dilation, rather than a complete absence of all third nerve function, or muscle tone may be decreased but not absent. This concept is especially important in the examination of the stuporous or comatose patient, because the level of arousal may also influence the expression of neurological signs. In the stuporous or comatose patient, even slight deviations from normal should not be dismissed as unimportant. Such findings should be carefully considered to discover their pattern or meaning.


The neurological examination of a comatose patient serves three purposes: (1) to aid in determining the cause of coma, (2) to provide a baseline, and (3) to help determine the prognosis. For prognosis and localization of a structural lesion, the following components of the examination have been found to be most helpful: state of consciousness, respiratory pattern, pupillary size and response to light, spontaneous and reflex eye movements, and skeletal muscle motor response.






State of Consciousness


The importance of a detailed description of the state of consciousness is worth reemphasizing. It is imperative that the exact stimulus and the patient’s specific response be recorded. Several modes of stimulation should be used, including auditory, visual, and noxious. Stimuli of progressively increasing intensity should be applied, with the maximal state of arousal noted and the stimuli, the site of stimulation, and the patient’s exact response described. The examiner should start with verbal stimuli, softly and then more loudly calling the patient’s name or giving simple instructions to open the eyes. If there is no significant response, more threatening stimuli such as taking the patient’s hand and advancing it toward the patient’s face are applied. However, a blink response to visual threat need not indicate consciousness (Vanhaudenhuyse et al., 2008). Finally, painful stimuli may be needed to arouse the patient. All patients in apparent coma should be asked to open or close the eyes and to look up and down; these voluntary movements are preserved in the locked-in syndrome but cannot be elicited in coma—an important distinction.


Supraorbital pressure evokes a response even in patients who may have lost afferent pain pathways as a result of peripheral neuropathy or spinal cord or some brainstem lesions. Pinching the chest or extremities may help localize a lesion when it evokes asymmetrical withdrawal responses. Care must be taken to avoid soft-tissue damage. Purposeful movements indicate a milder alteration in consciousness. Vocalization to pain in the early hours of a coma, even if only a grunt, indicates relatively light alteration in consciousness. Later, primitive vocalization may be a feature of the vegetative state.


The Glasgow Coma Scale (GCS; Table 5.4) is used widely to assess the initial severity of traumatic brain injury. This battery assesses three separate aspects of a patient’s behavior: the stimulus required to induce eye opening, the best motor response, and the best verbal response. Degrees of increasing dysfunction are scored. Its reproducibility and simplicity make the GCS an ideal method of assessment for non-neurologists involved in the care of comatose patients, such as neurological intensive care nurses. Its failure to assess other essential neurological parameters, however, limits its utility. Additionally, in patients who are intubated or who have suffered facial trauma, assessment of certain components of the GCS, such as eye opening and speech, may be difficult or impossible. Wijdicks and colleagues (1998) have suggested two new tools—the continuous performance test and the hand position test—that may serve as substitutes for the GCS in such patients, as well as in those with fluctuating levels of consciousness. The continuous performance test monitors level of alertness and requires the patient to raise a hand every time he or she hears a certain letter sound in a standardized sentence spoken by the examiner. The hand position test is a test of praxis in which the patient must mimic three different hand positions demonstrated by the examiner.


Table 5.4 The Glasgow Coma Scale






	BEST MOTOR RESPONSE

	M






	Obeys

	6






	Localizes

	5






	Withdraws

	4






	Abnormal flexion

	3






	Extensor response

	2






	Nil

	1






	VERBAL RESPONSE

	V






	Oriented

	5






	Confused conversation

	4






	Inappropriate words

	3






	Incomprehensible sounds

	2






	Nil

	1






	EYE OPENING

	E






	Spontaneous

	4






	To speech

	3






	To pain

	2






	Nil

	1














Respiration


Normal breathing is quiet and unlabored. The presence of any respiratory noise implies airway obstruction, which must be dealt with immediately to prevent hypoxia. Normal respiration depends on (1) a brainstem mechanism, located between the midpons and cervical medullary junction, that regulates metabolic needs; and (2) forebrain influences that subserve behavioral needs such as speech production. The organization and function of brainstem mechanisms responsible for respiratory rhythm generation, as well as forebrain influences, are complex and beyond the scope of this chapter. Neuropathological correlates of respiration are presented in Fig. 5.1.





[image: image]

Fig. 5.1 Abnormal respiratory patterns associated with pathologic lesions (shaded areas) at various levels of the brain. The tracings were obtained by chest-abdomen pneumograph; inspiration reads up. A, Cheyne-Stokes respiration—diffuse forebrain damage. B, Central neurogenic hyperventilation—lesions of low midbrain ventral to aqueduct of Sylvius and of upper pons ventral to the fourth ventricle. C, Apneusis—dorsolateral tegmental lesion of middle and caudal pons. D, Cluster breathing—lower pontine tegmental lesion. E, Ataxic breathing—lesion of the reticular formation of the dorsomedial part of the medulla.


(Reprinted from Plum, F., Posner, J.B., 1995. The Diagnosis of Stupor and Coma, third ed. Oxford University Press, New York. Copyright 1966, 1972, 1980, 1996, Oxford University Press, Inc. Used by permission of Oxford University Press, Inc.)





Respiratory patterns that are helpful in localizing levels of involvement include Cheyne-Stokes respiration, central neurogenic hyperventilation, apneustic breathing, cluster breathing, and ataxic respiration. Cheyne-Stokes respiration is a respiratory pattern that slowly oscillates between hyperventilation and hypoventilation. In 1818, Cheyne described his patient as follows: “For several days his breathing was irregular; it would entirely cease for a quarter of a minute, then it would become perceptible, though very low, then by degrees it became heaving and quick and then it would gradually cease again. This revolution in the state of his breathing occupied about a minute during which there were about 30 acts of respiration.”


Cheyne-Stokes respiration is associated with bilateral hemispheric or diencephalic insults, but it may occur as a result of bilateral damage anywhere along the descending pathway between the forebrain and upper pons. It also is seen with cardiac disorders that prolong circulation time. Alertness, pupillary size, and heart rhythm may vary during Cheyne-Stokes respiration (Posner et al., 2007). Patients are more alert during the waxing portion of breathing.


A continuous pattern of Cheyne-Stokes respiration is a relatively good prognostic sign, usually implying that permanent brainstem damage has not occurred. However, the emergence of Cheyne-Stokes respiration in a patient with a unilateral mass lesion may be an early sign of herniation. A change in pattern from Cheyne-Stokes respiration to certain other respiratory patterns, described next, is ominous.


Two breathing patterns similar to Cheyne-Stokes respiration should not be confused with it. Short-cycle periodic breathing is a respiratory pattern with a shorter cycle (faster rhythm) than Cheyne-Stokes respiration, with one or two waxing breaths followed by two to four rapid breaths, then one or two waning breaths. It is seen with increased ICP, lower pontine lesions, or expanding lesions in the posterior fossa (Posner et al., 2007). A similar type of respiration, in which there are short bursts of seven to ten rapid breaths, then apnea without a waning and waxing prodrome, has been erroneously referred to as Biot’s breathing. Biot, in fact, described an ataxic respiratory pattern, which is described later.


Central neurogenic hyperventilation refers to rapid breathing, from 40 to 70 breaths per minute, usually due to central tegmental pontine lesions just ventral to the aqueduct or fourth ventricle (Posner et al., 2007). This type of breathing is rare and must be differentiated from reactive hyperventilation due to metabolic abnormalities of hypoxemia secondary to pulmonary involvement. Large CNS lesions may cause neurogenic pulmonary edema with associated hypoxemia and increased respiratory rate. Increased intracerebral pressure causes spontaneous hyperpnea. Hyperpnea cannot be ascribed to a CNS lesion when arterial oxygen partial pressure is less than 70 to 80 mm Hg or carbon dioxide partial pressure is greater than 40 mm Hg.


Kussmaul breathing is a deep, regular respiration observed with metabolic acidosis. Apneustic breathing is a prolonged inspiratory gasp with a pause at full inspiration. It is caused by lesions of the dorsolateral lower half of the pons (Posner et al., 2007). Cluster breathing, which results from high medullary damage, involves periodic respirations that are irregular in frequency and amplitude, with variable pauses between clusters of breaths.


Ataxic breathing is irregular in rate and rhythm and usually is due to medullary lesions. The combination of ataxic respiration and bilateral sixth nerve palsy may be a warning sign of brainstem compression from an expanding lesion in the posterior fossa. This is an important sign because brainstem compression due to tonsillar herniation (or other causes) may result in abrupt loss of respiration or blood pressure. Ataxic and gasping respirations are signs of lower brainstem damage and often are preterminal respiratory patterns.









Pupil Size and Reactivity


Normal pupil size in the comatose patient depends on the level of illumination and the state of autonomic innervation. The sympathetic efferent innervation consists of a three-neuron arc. The first-order neuron arises in the hypothalamus and travels ipsilaterally through the posterolateral tegmentum to the ciliospinal center of Budge at the T1 level of the spinal cord. The second-order neuron leaves this center and synapses in the superior cervical sympathetic ganglion. The third-order neuron travels along the internal carotid artery and then through the ciliary ganglion to the pupillodilator muscles. Parasympathetic efferent innervation of the pupil arises in the Edinger-Westphal nucleus and travels in the oculomotor nerve to the ciliary ganglion, from which it innervates the pupillosphincter muscle (see Figs. 16.1 and 16.2 in Chapter 16).


Afferent input to the papillary reflex depends on the integrity of the optic nerve, optic chiasm, optic tract, and projections into the midbrain tectum and efferent fibers through the Edinger-Westphal nucleus and oculomotor nerve. Abnormalities in pupil size and reactivity help delineate structural damage between the thalamus and pons (Fig. 5.2), act as a warning sign heralding brainstem herniation, and help differentiate structural causes of coma from metabolic causes.





[image: image]

Fig. 5.2 Pupils in comatose patients.


(Reprinted from Plum, F., Posner, J.B., 1995. The Diagnosis of Stupor and Coma, third ed. Oxford University Press, New York. Copyright 1966, 1972, 1980, 1996, Oxford University Press, Inc. Used by permission of Oxford University Press, Inc.)





Thalamic lesions cause small, reactive pupils, often referred to as diencephalic pupils. Similar pupillary findings are noted in many toxic-metabolic conditions resulting in coma. Hypothalamic lesions or lesions elsewhere along the sympathetic pathway result in Horner syndrome. Midbrain lesions produce three types of pupillary abnormality, depending on where the lesion occurs:







1. Dorsal tectal lesions interrupt the pupillary light reflex, resulting in midposition pupils, which are fixed to light but react to near vision; the latter is impossible to test in the comatose patient. Spontaneous fluctuations in size occur, and the ciliospinal reflex is preserved.


2. Nuclear midbrain lesions usually affect both sympathetic and parasympathetic pathways, resulting in fixed, irregular midposition pupils, which may be unequal.


3. Lesions of the third nerve fascicle in the brainstem, or after the nerve has exited the brainstem, cause wide pupillary dilation unresponsive to light. Pontine lesions interrupt sympathetic pathways and cause small, so-called pinpoint pupils which remain reactive, although magnification may be needed to observe this feature. Lesions above the thalamus and below the pons should leave pupillary function intact, except for Horner syndrome in medullary or cervical spinal cord lesions. The pathophysiology of pupillary response is discussed further in Chapters 16 and 36.





Asymmetry in pupillary size or reactivity, even of minor degree, is important. Asymmetry of pupil size may be due to dilation (mydriasis) of one pupil, such as with third nerve palsy, or contraction (miosis) of the other, as in Horner syndrome. This may be differentiated by the pupillary reactivity to light and associated neurological signs. A dilated pupil due to a partial third nerve palsy is less reactive and usually is associated with extraocular muscle involvement. The pupil in Horner syndrome is reactive; if the syndrome results from a lesion in the CNS, it may be associated with anhidrosis of the entire ipsilateral body. Cervical sympathetic chain lesions produce anhidrosis of only face, neck, and arm. A partial or complete third nerve palsy causing a dilated pupil may result from an intramedullary lesion, most commonly in the midbrain (e.g., intramedullary glioma or infarction), uncal herniation compressing the third nerve, or a posterior communicating artery aneurysm. A sluggishly reactive pupil may be one of the first signs of uncal herniation, followed soon thereafter by dilation of that pupil, and later complete third nerve paralysis.


Several caveats are important in examining the pupil or assessing pupillary reflexes. A common mistake is using insufficient illumination. The otoscope may be useful in this regard, because it provides both adequate illumination and magnification. Rarely, preexisting ocular or neurological injury may fix the pupils or result in pupillary asymmetry. Seizures may cause transient anisocoria. Local and systemic medications may affect pupillary function. Topical ophthalmological preparations containing an acetylcholinesterase inhibitor, used in the treatment of glaucoma, produce miosis. The effect of a mydriatic agent placed by the patient or a prior observer may wear off unevenly, resulting in pupillary asymmetry. Some common misleading causes of a unilateral dilated pupil include prior mydriatic administration, old ocular trauma or ophthalmic surgery, and (more rarely) carotid artery insufficiency.









Ocular Motility


Normal ocular motility (see Chapters 16 and 35) depends on the integrity of a large portion of the cerebrum, cerebellum, and brainstem. Preservation of normal ocular motility implies that a large portion of the brainstem from the vestibular nuclei at the pontomedullary junction to the oculomotor nucleus in the midbrain is intact. Voluntary ocular motility cannot be judged in the comatose patient, so the examiner must rely on reflex eye movements that allow for assessment of the ocular motor system. The eye movements normally are conjugate, and eyes are in the midposition in the alert person. Sleep or obtundation alone may unmask a latent vertical or horizontal strabismus, resulting in dysconjugacy; therefore, patients must be examined when maximally aroused. The eyes return to the midposition in brain-dead patients.


Evaluation of ocular motility consists of (1) observation of the resting position of the eyes, including eye deviation; (2) notation of spontaneous eye movements; and (3) testing of reflex ocular movements.









Abnormalities in Resting Position


Careful attention must be paid to the resting position of the eyes. Even a small discrepancy in eye position may represent a partial extraocular nerve palsy. Partial nerve palsies or combined nerve palsies predictably result in a more complex picture on examination. Unilateral third nerve palsy from either an intramedullary midbrain lesion or extramedullary compression causes the affected eye to be displaced downward and laterally. A sixth nerve palsy produces inward deviation. Isolated sixth nerve palsy, however, is a poor localizer because of the extensive course of the nerve and because this palsy may be caused by nonspecific increases in ICP, presumably from stretching of the extramedullary portion of the nerve. A fourth nerve palsy is difficult to assess in the comatose patient because of the subtle nature of the deficit in ocular motility. Extraocular nerve palsies often become more apparent with the “doll’s eye maneuver” or cold caloric testing in the comatose patient.


Pontaneous eye deviation may be conjugate or dysconjugate. Conjugate lateral eye deviation usually is due to an ipsilateral lesion in the frontal eye fields but may be due to a lesion anywhere in the pathway from the ipsilateral eye fields to the contralateral parapontine reticular formation (see Chapter 35). Dysconjugate lateral eye movement may result from a sixth nerve palsy in the abducting eye, a third nerve palsy in the adducting eye, or an internuclear ophthalmoplegia. An internuclear ophthalmoplegia may be differentiated from a third nerve palsy by the preservation of vertical eye movements.


Downward deviation of the eyes below the horizontal meridian usually is due to brainstem lesions (most often from tectal compression); however, it also may be seen in metabolic disorders such as hepatic coma. Thalamic and subthalamic lesions produce downward and inward deviation of the eyes. Patients with these lesions appear to be looking at the tip of the nose. Sleep, seizure, syncope, apnea of Cheyne-Stokes respiration, hemorrhage into the vermis, and brainstem ischemia or encephalitis cause upward eye deviation, making this a poor localizing sign. Skew deviation is a maintained deviation of one eye above the other (hypertropia) that is not due to a peripheral neuromuscular lesion or a local extracranial problem in the orbit. It usually indicates a posterior fossa lesion (brainstem or cerebellar). Dysconjugate vertical eye position sometimes may occur in the absence of a brainstem lesion in the obtunded patient.









Spontaneous Eye Movements


Spontaneous eye movements (see Chapter 16) are of many types. Purposeful-appearing eye movements in a patient who otherwise seems unresponsive should lead to consideration of the locked-in syndrome, catatonia, pseudocoma, or PVS. Roving eye movements are slow, conjugate, lateral to-and-fro movements. For roving eye movements to be present, the ocular motor nuclei and their connections must be intact. Generally when roving eye movements are present, the brainstem is relatively intact and coma is due to a metabolic or toxic cause or bilateral lesions above the brainstem. Detection of roving eye movements may be complicated by ocular palsies or internuclear ophthalmoplegia. These superimposed lesions produce relatively predictable patterns but often obscure the essential roving nature of the movement for the inexperienced observer.


Nystagmus occurring in comatose patients suggests an irritative or epileptogenic supratentorial focus. An epileptogenic focus in one frontal eye field causes contralateral conjugate eye deviation. Nystagmus due to an irritative focus may rarely occur alone without other motor manifestations of seizures. In addition, inconspicuous movements of the eye, eyelid, face, jaw, or tongue may be associated with electroencephalographic status epilepticus. An electroencephalogram (EEG) is required to ascertain the presence of this condition.


Spontaneous conjugate vertical eye movements are separated into different types according to the relative velocities of their downward and upward phases. In ocular bobbing, rapid downward jerks of both eyes are observed, followed by a slow return to the midposition (Leigh and Zee, 2006). In the typical form, there is associated paralysis of both reflex and spontaneous horizontal eye movements. Monocular or paretic bobbing occurs when a coexisting ocular motor palsy alters the appearance of typical bobbing. The term atypical bobbing refers to all other variations of bobbing that cannot be explained by an ocular palsy superimposed on typical bobbing. Most commonly, this term is used to describe ocular bobbing when lateral eye movements are preserved. Typical ocular bobbing is specific but not pathognomonic for acute pontine lesions. Atypical ocular bobbing occurs with anoxia and is nonlocalizing. Ocular dipping, also known as inverse ocular bobbing, refers to spontaneous eye movements in which an initial slow downward phase is followed by a relatively rapid return. Reflex horizontal eye movements are preserved. It usually is associated with diffuse cerebral damage. In reverse ocular bobbing, there is a slow initial downward phase followed by a rapid return that carries the eyes past the midposition into full upward gaze. Then the eyes slowly return to the midposition. Reverse ocular bobbing is nonlocalizing.


Vertical nystagmus due to an abnormal pursuit or vestibular system is slow deviation of the eyes from the primary position, with a rapid (saccadic) immediate return to the primary position. It is differentiated from bobbing by the absence of latency between the corrective saccade and the next slow deviation. Ocular-palatal myoclonus (the palatal movement also is called palatal tremor) occurs after damage to the lower brainstem involving the Guillain-Mollaret triangle, which extends between the cerebellar dentate nucleus, red nucleus, and inferior olive. It consists of a pendular vertical nystagmus in synchrony with the palatal movements. Ocular flutter is back-to-back saccades in the horizontal plane and usually is a manifestation of cerebellar disease.









Reflex Ocular Movements


Examination of ocular movement is not complete in the comatose patient without assessment of reflex ocular movements, including the oculocephalic reflex (“doll’s eye phenomenon”) and, if necessary, caloric (thermal) testing. In practice, the terms doll’s eye phenomenon and doll’s eye maneuver are used synonymously to refer to the oculocephalic reflex, but these terms are often confusing to the neophyte neurologist. It is better to use the term oculocephalic reflex followed by a description of the response. To test for this reflex, the examiner briskly rotates the patient’s head in both directions laterally, then flexes and extends the neck, continually observing the motion of the eyes. When supranuclear influences on the ocular motor nerves are removed, the eyes move in the orbit opposite to the direction of the head turn and maintain their position in space. This maneuver should not be performed on any patient until the stability of the neck has been adequately assessed. If there is any question of neck stability, a neck brace should be applied and caloric testing substituted. In the normal oculocephalic reflex (normal or positive doll’s eye phenomenon), the eyes move conjugately in a direction opposite to the direction of movement of the head. Cranial nerve palsies predictably alter the response to this maneuver (Table 5.5).


Table 5.5 Oculocephalic Reflex*






	Method

	Response

	Interpretation






	Lateral head rotation

	Eyes remain conjugate, move in direction opposite to head movement and maintain position in space

	Normal






	 

	No movement in either eye on rotating head to left or right

	Bilateral pontine gaze palsy, bilateral labyrinthine dysfunction, drug intoxication, anesthesia






	 

	Eyes move appropriately when head is rotated in one direction but do not move when head is rotated in opposite direction

	Unilateral pontine gaze palsy






	 

	One eye abducts, the other eye does not adduct

	Third nerve palsy






	 

	 

	Internuclear ophthalmoplegia






	Vertical head flexion and extension

	Eyes remain conjugate, move in direction opposite to head movement and maintain position in space

	Normal






	 

	No movement in either eye

	Bilateral midbrain lesions






	 

	Only one eye moves

	Third nerve palsy






	 

	Bilateral symmetrical limitation of upgaze

	Aging







* To be performed only after neck stability has been ascertained.


Clinical caloric testing (as distinct from quantitative calorics, used to assess vestibular end-organ disorders; see Chapter 37) is commonly done by applying cold water to the tympanic membrane. With the patient supine, the head should be tilted forward 30 degrees to allow maximal stimulation of the lateral semicircular canal, which is most responsible for reflex lateral eye movements. After the ear canal is carefully checked to ensure that it is patent and the tympanic membrane is free of defect, 10 mL of ice-cold water is slowly instilled into one ear canal. For purposes of the neurological examination, irrigation of each ear with 10 mL of ice water generally is sufficient.


Cold water applied to the tympanic membrane causes currents to be set up in the endolymph of the semicircular canal. This results in a change in the baseline firing of the vestibular nerve and slow (tonic) conjugate deviation of the eyes toward the stimulated ear. In an awake person, the eye deviation is corrected with a resulting nystagmoid jerking of the eye toward the midline (fast phase). Warm-water irrigation produces reversal of flow of the endolymph, which causes conjugate eye deviation with a slow phase away from the stimulated ear and a normal corrective saccadic fast phase toward the ear. By tradition, the nystagmus is named by the direction of the fast phase. The mnemonic COWS (cold, opposite; warm, same) refers to the fast phases. Simultaneous bilateral cold water application results in slow downward deviation, whereas simultaneous bilateral warm water application causes upward deviation.


Oculocephalic or caloric testing may elicit subtle or unsuspected ocular palsies. Abnormal dysconjugate responses occur with cranial nerve palsies, intranuclear ophthalmoplegia, or restrictive eye disease. Movements may be sluggish or absent. Sometimes reinforcement of cold caloric testing with superimposed passive head turning after injection of cold water into the ear may reveal eye movement when either test alone shows none.


False-negative or misleading responses on caloric testing occur with preexisting inner ear disease, vestibulopathy such as that due to ototoxic drugs like streptomycin, vestibular paresis caused by illnesses such as Wernicke encephalopathy, and drug effects. Subtotal labyrinthine lesions decrease the response; there is no response when the labyrinth is destroyed. Lesions of the vestibular nerve cause a decreased or absent response. Drugs that suppress either vestibular or ocular motor function (or both) include sedatives, anticholinergics, anticonvulsants, tricyclic antidepressants, and neuromuscular blocking agents. If the response from one ear is indeterminate, both cold- and warm-water stimuli should be applied to the other ear. If the test remains equivocal, superimposition of the doll’s eye maneuver is recommended. Interpretation of abnormal cold caloric responses is summarized in Table 5.6. An unusual ocular reflex that has been observed in the setting of PVS is reflex opening of both eyes triggered by flexion of an arm at the elbow. This reflex is distinct from reflex eye opening in the comatose patient induced by raising the head or turning it from side to side.


Table 5.6 Caloric Testing






	Method

	Response

	Interpretation






	Cold water instilled in right ear

	Slow phase to right, fast (corrective) phase to the left

	Normal






	 

	No response (make sure canal is patent, apply warm-water stimulus to opposite ear)

	Obstructed ear canal, “dead” labyrinth, eighth nerve or nuclear dysfunction, false-negative result (see text)






	 

	Slow phase to right, no fast phase

	Toxic-metabolic disorder, drugs, structural lesion above brainstem






	 

	Downbeating nystagmus

	Horizontal gaze palsy






	Cold water instilled in left ear

	Responses should be opposite those for right ear

	Peripheral eighth nerve or labyrinth disorder  on right (provided that right canal is patent)






	Warm water instilled in left ear after no response from cold water in right ear

	Slow phase to right, fast phase to left

	 














Motor System


Examination of the motor system of a stuporous or comatose patient begins with a description of the resting posture and adventitious movements. Purposeful and nonpurposeful movements are noted and the two sides of the body compared. Head and eye deviation to one side and contralateral hemiparesis suggests a supratentorial lesion, whereas ipsilateral paralysis indicates a probable brainstem lesion. External rotation of the lower limb is a sign of hemiplegia or hip fracture.


Decerebrate posturing is bilateral extensor posture with extension of the lower extremities and adduction and internal rotation of the shoulders and extension at the elbows and wrist. Bilateral midbrain or pontine lesions usually are responsible for decerebrate posturing. Less commonly, deep metabolic encephalopathies or bilateral supratentorial lesions involving the motor pathways may produce a similar pattern.


Decorticate posturing is bilateral flexion at the elbows and wrists, with shoulder adduction and extension of the lower extremities. It is a much poorer localizing posture, because it may result from lesions in many locations, although usually above the brainstem. Decorticate posture is not as ominous a sign as decerebrate posture, because the former occurs with many relatively reversible lesions.


Unilateral decerebrate or decorticate postures also are less ominous. Lesions causing unilateral posturing may be anywhere in the motor system from cortex to brainstem. Unilateral extensor posturing is common immediately after a cerebrovascular accident, followed in time by a flexor response.


Posturing may occur spontaneously or in response to external stimuli such as pain, or may even be set off by such minimal events as the patient’s own breathing. These postures, though common, may also be variable in their expression because of other associated brainstem or more rostral brain damage.


Special attention should be given to posturing because it often signals a brainstem herniation syndrome. Emergency room personnel and inexperienced physicians may mistake these abnormal postures for convulsions (seizures) and institute anticonvulsant therapy, resulting in an unfortunate delay of appropriate therapy for the patient.


Adventitious movements in the comatose patient may be helpful in separating metabolic from structural lesions. Tonic-clonic or other stereotyped movements signal seizure as the probable cause of decreased alertness. Myoclonic jerking, consisting of nonrhythmical jerking movements in single or multiple muscle groups, is seen with anoxic encephalopathy or other metabolic comas such as hepatic encephalopathy. Rhythmic myoclonus, which must be differentiated from epileptic movements, usually is a sign of brainstem injury. Tetany occurs with hypocalcemia. Cerebellar fits result from intermittent tonsillar herniation and are characterized by deterioration of level of arousal, opisthotonos, respiratory rate slowing and irregularity, and pupillary dilatation.


The motor response to painful stimuli should be tested, but the pattern of response may vary depending on the site stimulated. Purposeful responses may be difficult to discriminate from more primitive reflexes. Flexion, extension, and adduction may be either voluntary or reflex in nature. In general, abduction is most reliably voluntary, with shoulder abduction stated to be the only definite nonreflex reaction. This is tested by pinching the medial aspect of the upper arm. Reflex flexor response to pain in the upper extremity consists of adduction of the shoulder, flexion of the elbow, and pronation of the arm. The triple flexion response in the lower extremities refers to reflex withdrawal, with flexion at the hip and knee and dorsiflexion at the ankle, in response to painful stimulation on the foot or lower extremity. Such reflexes seldom are helpful in localizing a lesion.


Spinal reflexes are reflexes mediated at the level of the spinal cord and do not depend on the functional integrity of the brain or brainstem. Most patients with absent cortical or brainstem function have some form of spinal reflex.


The plantar reflex may be extensor in coma from any cause, including drug overdoses and postictal states. It becomes flexor on recovery of consciousness if there is no underlying structural damage.


Muscle tone and asymmetry in muscle tone are helpful in localizing a focal structural lesion and may help differentiate metabolic from structural coma. Acute structural damage above the brainstem usually results in decreased or flaccid tone. In older lesions, tone usually is increased. Metabolic insults generally cause a symmetrical decrease in tone. Finally, generalized flaccidity is ultimately seen after brain death.












Coma and Brain Herniation


Herniation syndromes are explained in Chapter 50. Knowledge of some of the clinical signs of herniation is especially important in the clinical approach to coma. Traditional signs of herniation due to supratentorial masses usually are variations of either an uncal or a central pattern. Classically, the uncal pattern includes early signs of third nerve and midbrain compression. The pupil initially dilates as a result of third nerve compression but later returns to the midposition with midbrain compression that involves the sympathetic as well as the parasympathetic tracts. In the central pattern, the earliest signs are mild impairment of consciousness, with poor concentration, drowsiness, or unexpected agitation; small but reactive pupils; loss of the fast component of cold caloric testing; poor or absent reflex vertical gaze; and bilateral corticospinal tract signs, including increased tone of the body ipsilateral to the hemispheric mass lesion responsible for herniation (Posner et al., 2007).


Signs of herniation tend to progress generally in a rostrocaudal manner. An exception occurs when intraventricular bleeding extends to the fourth ventricle and produces a pressure wave, compressing the area around the fourth ventricle. Also, when an LP reduces CSF pressure suddenly in the face of a mass lesion that produced increased ICP, sudden herniation of the cerebellar tonsils through the foramen magnum may result (Posner et al., 2007). Both of these clinical scenarios may be associated with sudden unexpected failure of medullary functions that support respiration or blood pressure. In patients with herniation syndromes, the clinical picture may be confusing because of changing signs or the expression of scattered, isolated signs of dysfunction in separate parts of the brain. In addition, certain signs may be more prominent than others.


Increased ICP invariably accompanies brainstem herniation and may be associated with increased systolic blood pressure, bradycardia, and sixth nerve palsies. These signs, however, as well as many of the traditional signs of herniation described, actually occur relatively late. Earlier signs of potential herniation are decreasing level of arousal, slight change in depth or rate of respiration, and the appearance of a Babinski sign. Tonsillar herniation may be suggested by an altered level of consciousness, opisthotonic posturing, dilated pupils, and irregular breathing. It is important to suspect herniation early, because once advanced changes develop, structural injury is likely to have occurred; subsequently, there is less chance of reversal.












Differential Diagnosis






Differentiating Toxic-Metabolic Coma from Structural Coma


Many features of the history and physical examination help differentiate structural from metabolic and toxic causes of coma. Some features have already been mentioned. When the history is available, the patient’s underlying illnesses and medications or the setting in which they are found often help guide the physician to the appropriate cause. The time course of the illness resulting in coma can be helpful. Generally, structural lesions have a more abrupt onset, whereas metabolic or toxic causes are more slowly progressive. Multifocal structural diseases such as vasculitis or leukoencephalopathy are an exception to this rule, as they may exhibit slow progression, usually in a stepwise manner. Supratentorial or infratentorial tumors characterized by slow growth and surrounding edema may also mimic metabolic processes.


The response to initial emergency therapy may help differentiate metabolic or toxic causes of coma. The hypoglycemic patient usually awakens after administration of glucose, the hypoxic patient responds to oxygen, and the patient experiencing an opiate drug overdose responds to naloxone.


In general, structural lesions have focal features or at least notable asymmetry on neurological examination. Toxic, metabolic, and psychiatric diseases are characterized by their symmetry. Bilateral and often multilevel involvement frequently is seen with metabolic causes. Asymmetries may be observed but generally are of small degree and tend to fluctuate over time.


Many features of the neurological examination differentiate metabolic or toxic causes from structural lesions:







• State of consciousness. Patients with metabolic problems often have milder alterations in arousal, typically with waxing and waning of the behavioral state. Patients with acute structural lesions tend to stay at the same level of arousal or progressively deteriorate. Toxins may also cause progressive decline in level of arousal.


• Respiration. Deep, frequent respiration most commonly is due to metabolic abnormalities, though rarely it is caused by pontine lesions or by neurogenic pulmonary edema secondary to acute structural lesions.


• Funduscopic examination. Subhyaloid hemorrhage or papilledema are almost pathognomonic of structural lesions. Papilledema due to increased ICP may be indicative of an intracranial mass lesion or hypertensive encephalopathy. Papilledema does not occur in metabolic diseases except hypoparathyroidism, lead intoxication, and malignant hypertension.


• Pupil size. The pupils usually are symmetrical in coma from toxic-metabolic causes. Patients with metabolic or toxic encephalopathies often have small pupils with preserved reactivity. Exceptions occur with methyl alcohol poisoning, which may produce dilated and unreactive pupils, or late in the course of toxic or metabolic coma if hypoxia or other permanent brain damage has occurred. In terminal asphyxia, the pupils dilate initially and then become fixed at midposition within 30 minutes. The initial dilation is attributed to massive sympathetic discharge.


• Pupil reactivity. Assessment of the pupillary reflex is one of the most useful means of differentiating metabolic from structural causes of coma. Pupillary reactivity is relatively resistant to metabolic insult and usually is spared in coma from drug intoxication or metabolic causes, even when other brainstem reflexes are absent. Hypothermia may fix pupils, as does severe barbiturate intoxication. Neuromuscular blocking agents produce midposition or small pupils, and glutethimide and atropine dilate them.


• Ocular motility. Asymmetry in oculomotor function typically is a feature of structural lesions.


• Spontaneous eye movements. Roving eye movements with full excursion are most often indicative of metabolic or toxic abnormalities.


• Reflex eye movements. Reflex eye movements normally are intact in toxic-metabolic coma, except rarely in phenobarbital or phenytoin intoxication or deep metabolic coma from other causes.


• Adventitious movement. Periods of motor restlessness, tremors, or spasm punctuating coma often are due to drugs or toxins such as chlorpromazine or lithium. Brainstem herniation or intermittent CNS ischemia also may produce unusual posturing movements. Myoclonic jerking generally is metabolic and often anoxic in origin.


• Muscle tone. Muscle tone usually is symmetrical and normal or decreased in metabolic coma. Structural lesions cause asymmetrical muscle tone. Tone may be increased, normal, or decreased by structural lesions.





The examiner should be aware of common structural lesions that mimic toxic-metabolic causes and, conversely, toxic or metabolic causes of coma that may be associated with focal abnormalities on examination. Structural lesions that may mimic toxic-metabolic causes include subarachnoid hemorrhage, sinus vein thrombosis, chronic or bilateral subdural hemorrhage, and other diffuse or multifocal disorders such as vasculitis, demyelinating diseases, or meningitis. Any toxic-metabolic cause of coma may be associated with focal features; however, such features most often are observed with barbiturate or lead poisoning, hypoglycemia, hepatic encephalopathy, and hyponatremia. Old structural lesions such as prior stroke may be the origin of residual abnormalities found on neurological examination in a patient who is comatose from toxic or metabolic causes. Moreover, metabolic abnormalities such as hypoglycemia may unmask relatively silent structural abnormalities. Detailed descriptions of the toxic and metabolic encephalopathies are provided in Chapter 56.









Differentiating Psychiatric Coma and Pseudocoma from Metabolic or Structural Coma


The patient who appears unarousable as a result of psychiatric disease and the patient who is feigning unconsciousness for other reasons may be difficult to differentiate from each other. In such instances, the history, when available, and findings on the physical examination may suggest to the physician that a nonphysiological mechanism is at work. Multiple inconsistencies are present on examination, and abnormalities that are found do not fit the pattern of usual neurological syndromes. Examinations of the eyelid, pupil, adventitious eye movements, and vestibulo-oculogyric reflex by cold caloric testing are especially useful to confirm the suspicion of pseudocoma.


Eyelid tone is difficult to alter voluntarily. In the patient with true stupor or coma, passive eyelid opening is easily performed and is followed by slow, gradual eyelid closure. The malingering or hysterical patient often gives active resistance to passive eye opening and may even hold the eyes tightly closed. It is nearly impossible for the psychiatric or malingering patient to mimic the slow, gradual eyelid closure. Blinking also increases in psychiatric and malingering patients but decreases in patients in true stupor.


The pupils normally constrict in sleep or (eyes-closed-type) coma but dilate with the eyes closed in the awake state. Passive eye opening in a sleeping person or a truly comatose patient (if pupillary reflexes are spared) results in pupillary dilation. Opening the eyes of an awake person produces constriction. This principle may help differentiate coma from pseudocoma.


Roving eye movements cannot be mimicked and thus also are a good sign of true coma. Finally, if during cold caloric testing, the eyes do not tonically deviate to the side of the caloric instillation, and the fast phases are preserved, stupor or true coma is essentially ruled out. Moreover, cold caloric testing with the resultant vertigo usually “awakens” psychiatric and malingering patients.









Helpful Laboratory Studies


Laboratory tests that are extremely helpful in evaluating the comatose patient are listed in Table 5.7. Arterial blood gas determinations rule out hypoxemia and carbon dioxide narcosis and help differentiate primary CNS problems from secondary respiratory problems. Liver disease, myopathy, and rhabdomyolysis all elevate alanine aminotransferase and aspartate aminotransferase levels. Liver function test results may be misleading in end-stage liver disease, as values may be normal or only mildly elevated with markedly abnormal liver function. Although the blood ammonia level does not correlate well with the level of hepatic encephalopathy, it often may be markedly elevated and thus helpful in cases of suspected liver disease with relatively normal liver function studies. Hepatic encephalopathy may continue for up to 3 weeks after liver function values return to normal.


Table 5.7 Laboratory Tests Helpful in Differential Diagnosis for Coma






	Laboratory Study

	Result

	Associated Disorders






	Electrolytes (Na, K, Cl, CO2)

	 

	See Chapters 49A and 56 for discussion of disorders associated with abnormalities of electrolytes, glucose, BUN, calcium, and magnesium






	Glucose

	 

	 






	BUN

	 

	 






	Creatinine

	 

	 






	Calcium

	 

	 






	Magnesium

	 

	 






	Complete blood count with differential

	Hematocrit:

	 






	 

	Increased

	Volume depletion, underlying lung disorder, myeloproliferative disorder, cerebellar hemangioblastoma; may be associated with vascular sludging (hypoperfusion)






	 

	Decreased

	Anemia, hemorrhage






	 

	White blood cell count:

	 






	 

	Increased

	Infection, acute stress reaction, steroid therapy, after epileptic fit, myeloproliferative disorder






	 

	Decreased

	Chemotherapy, immunotherapy, viral infection, sepsis






	 

	Lymphocyte count:

	 






	 

	Decreased

	Viral infection, malnutrition, AIDS






	Platelet count

	Decreased

	Sepsis, disseminated intravascular coagulation, thrombotic thrombo-cytopenic purpura, idiopathic thrombocytopenic purpura, drugs; may be associated with intracranial hemorrhage






	PT

	Increased

	Coagulation factor deficiency, liver disease, anticoagulants, disseminated intravascular coagulation






	PTT

	Increased

	Heparin therapy, lupus anticoagulant






	Arterial blood gases

	 

	See text






	Creatine phosphokinase

	 

	See text






	Liver function studies

	 

	See text






	Thyroid function studies

	 

	See text






	Plasma cortisol level

	 

	See text






	Drug and toxin screen

	 

	See text






	Serum osmolality

	 

	See text







AIDS, Acquired immunodeficiency syndrome; BUN, blood urea nitrogen; PT, prothrombin time; PTT, partial thromboplastin time.


Thyroid function studies are necessary to document hypothyroidism or hyperthyroidism. When addisonian crisis is suspected, a serum cortisol level should be obtained. A low or normal level in the stressful state of coma or illness strongly suggests adrenal insufficiency. Further testing of adrenal function should be performed as appropriate.


When the cause of coma is not absolutely certain, or in possible medicolegal cases, a blood alcohol level and a drug and toxin screen are mandatory. The results of these tests usually are not available immediately but may be invaluable later. Serum osmolality can usually be measured rapidly by the laboratory and may be used to estimate alcohol level because alcohol is an osmotically active particle and increases the osmolar gap in proportion to its blood level. Serum osmolality can be calculated using the following:





[image: image]





The osmolar gap, which is the difference between the measured serum osmolality and the calculated serum osmolality, represents unmeasured osmotically active particles.


Creatine kinase levels should routinely be measured in comatose patients initially and then at least daily for the first several days because of the great risk of rhabdomyolysis and subsequent preventable acute tubular necrosis in these patients. Measuring creatine kinase MB isoenzyme levels every 8 hours for the first 24 hours helps rule out an MI.









Other Useful Studies






Electrocardiography


The electrocardiogram is useful to show MI, arrhythmia, conduction blocks, bradycardia, or evidence of underlying hypertension or atherosclerotic coronary vascular disease. Hypocalcemia causes QT prolongation. Hypercalcemia shortens the QT interval. The heart rate is slow in hypothyroid patients with low-voltage QRS, flat or inverted T waves, and flattened ST segments. Hyperthyroid patients are generally tachycardic.









Neuroradiological Imaging


Once the patient is stabilized, necessary treatment is given, the initial examination is complete, and appropriate laboratory studies are ordered, the next test of choice is a CT scan of the brain, without contrast but with 5-mm cuts of the posterior fossa. Alternatively, magnetic resonance imaging (MRI) may be performed, depending on the clinical setting and the stability of the patient’s condition. MRI provides superb visualization of the posterior fossa and its contents, an extremely useful feature when structural disease of the brainstem is suspected. MRI is not as specific as CT scanning for visualizing early intracranial hemorrhage, however, and it is limited at present by the length of time required to perform the imaging, image degradation by even a slight movement of the patient, and the relative inaccessibility of the patient during the imaging process. The CT scan, when performed as described, is currently the most expedient imaging technique, giving the physician the most information about possible structural lesions with the least risk to the patient. Repeating the scan with IV dye may be necessary later to better define lesions seen on the initial scan.


The value of the CT scan in demonstrating mass lesions and hemorrhage is undeniable. Furthermore, it may demonstrate features of brain herniation. Uncal herniation is characterized on CT scan by (1) displacement of the brainstem toward the contralateral side, with increase in width of subarachnoid space between the mass and ipsilateral free edge, (2) medial stretching of the posterior cerebral and posterior communicating arteries, (3) obliteration of the interpeduncular cistern, (4) occipital lobe infarction, and (5) distortion and elongation of the U-shaped tentorial incisura. The clinician should be aware that the CT scan may miss early infarction, encephalitis, and isodense subdural hemorrhage. Special caution must be taken in evaluating CT scans in comatose patients, especially before LP, to rule out isodense subdural or bilateral subdural hemorrhage. Interpretation of CT scans is discussed in Chapter 33A.


In severe head injury, studies of cerebral metabolism employing single photon emission computed tomography (SPECT) may be of prognostic value (Della Corte et al., 1997). Although cerebral blood flow in the first 48 hours after trauma does not appear to correlate with severity or prognosis, the cerebral metabolic rate of oxygen (CMRo2), like the GCS, may be useful in predicting prognosis.









Electroencephalography


The EEG is helpful in many situations and disorders: confirming underlying cortical structural damage in patients too unstable to travel to the CT scanner; postictal states in patients slow to wake after a presumed seizure; partial complex seizures; electroencephalographic or nonconvulsive status epilepticus, such as is seen in comatose patients after anoxic ischemic damage; and toxic-metabolic disturbances. With metabolic disorders, the earliest EEG changes typically are a decrease in the frequency of background rhythms and the appearance of diffuse theta activity that progresses to more advanced slowing in association with a decrease in the level of consciousness. In hepatic encephalopathy, bilaterally synchronous and symmetrical, medium- to high-amplitude, broad triphasic waves, often with a frontal predominance, may be observed. Herpes simplex encephalitis may be suggested by the presence of unilateral or bilateral periodic sharp waves with a temporal preponderance. The EEG also can help confirm a clinical impression of catatonia, pseudocoma, the locked-in syndrome, PVS, and brain death (Brenner, 2005). EEGs are discussed further in Chapter 32A.









Evoked Potentials


Evoked potentials may help in evaluating brainstem integrity and assessing prognosis for comatose patients. A study of 50 hemodynamically stable patients remaining in coma 4 hours after resuscitation from cardiopulmonary arrest with short-latency somatosensory evoked potentials within 8 hours after arrest found that none of the 30 patients without cortical potentials recovered cognition. Five of the 20 patients with cortical potentials recovered. Forty percent of the patients who did not recover had preserved brainstem reflexes, allowing some evaluation of prognosis in a group of patients in whom prognosis is difficult to assess by other means. Event-related potentials may prove particularly useful as an objective assessment of cognitive function in patients with the locked-in syndrome (Onofrj et al., 1997). The N100 component of the auditory evoked potential and cognitive evoked potentials (mismatch negativity obtained after novel stimuli) appear to have predictive value for awakening from coma, but the pupillary reflex remains the strongest prognostic variable (Fischer et al., 2004). Absence of evoked potentials in response to somatosensory stimuli also is highly predictive of nonawakening from coma (Robinson et al., 2003).









Intracranial Pressure Monitoring


ICP measurements provide an index of the degree of brain swelling and are particularly useful in the management of patients who have suffered severe head injury. Postmortem studies of fatal head injuries demonstrate a direct correlation between very elevated ICP and death due to tentorial herniation. In the absence of intracranial hematomas, however, comatose patients with normal findings on brain imaging studies have a low frequency of increased ICP and almost never develop uncontrolled intracranial hypertension.















Prognosis


In view of the current state of knowledge, outcome in any comatose patient cannot be predicted with 100% certainty unless that patient meets the criteria for brain death, as described later in the chapter. The available evidence is insufficient to permit a definitive statement that a particular non–brain-dead patient will not recover from coma, nor does it allow prognostication regarding how much recovery may occur in specific cases. However, based on serial examinations at various times after the onset of coma, general statistics on the outcome of coma have been compiled and give the examiner a general idea of how patients may do.


The natural history of coma can be considered in terms of three subcategories: drug-induced, nontraumatic, and traumatic coma. Drug-induced coma usually is reversible unless the patient has not had appropriate systemic support while comatose and has sustained secondary injury from hypoperfusion, hypoxia, or lack of other necessary metabolic substrates.






Nontraumatic Coma


Only about 15% of patients in nontraumatic coma make a satisfactory recovery. Functional recovery is related to the cause of coma. Diseases causing structural damage, such as cerebrovascular disease including subarachnoid hemorrhage, carry the worst prognosis; coma from hypoxia-ischemia due to such causes as cardiac arrest has an intermediate prognosis; coma due to hepatic encephalopathy and other metabolic causes has the best ultimate outcome. Age does not appear to be predictive of recovery. The longer a coma lasts, the less likely the patient is to regain independent functioning. Factors that adversely impact brain injury following cardiac arrest include cerebral edema, pyrexia, hyperglycemia, and seizures (Neumar et al., 2008).


In the early days after the onset of nontraumatic coma, it is not possible to predict with certainty which patients will ultimately enter or remain in a vegetative state. Although rare cases have been reported of patients awakening after prolonged vegetative states, patients with nontraumatic coma who have not regained awareness by the end of 1 month are unlikely to do so. Even if they do regain consciousness, they have practically no chance of achieving an independent existence. A large multi-institutional study determined that within 3 days of cardiac arrest, evaluation in the intensive care unit is sufficiently predictive of neurological outcome to allow for informed decisions regarding life support. Absence of pupillary light or corneal reflexes, and motor response to noxious stimuli no greater than extension, suggest a poor prognosis for recovery. Other poor prognostic signs are myoclonic status epilepticus, bilateral absence of the N20 response from the somatosensory cortex, and several neuroimaging signs (Young, 2009).









Traumatic Coma


The prognosis for traumatic coma differs from that for nontraumatic coma in many ways. First, many patients with head trauma are young. Second, prolonged coma of up to several months does not preclude a satisfactory outcome in traumatic coma. Third, in relationship to their initial degree of neurological abnormality, traumatic coma patients do better than nontraumatic coma patients.


The prognosis for coma from head trauma may be considered in terms of survival. However, because many more patients survive traumatic coma than nontraumatic coma, it is equally important to consider the ultimate disabilities of the survivors; many who survive are left with profound disabilities. The GCS is a practical system for describing outcome in traumatic coma. As originally proposed, this scale includes five categories: (1) death, (2) PVS, (3) severe disability (conscious but disabled and dependent on others for activities of daily living), (4) moderate disability (disabled but independent), and (5) good recovery (resumption of normal life even though there may be minor neurological and psychiatric deficits).


In their landmark 1979 report, Jennett and colleagues studied 1000 patients in coma longer than 6 hours from severe head trauma: 49% of these patients died, 3% remained vegetative, 10% survived with severe disability, 17% survived with moderate disability, and 22% had good recovery. The most reliable predictors of outcome 6 months later were depth of coma as evaluated by the GCS; pupil reaction, eye movements, and motor response in the first week after injury; and patient age.


In summary, early predictors of the outcome of posttraumatic coma include patient’s age, motor response, pupillary reactivity, eye movements, and depth and duration of coma. The prognosis worsens with increasing age. Cause of injury, skull fracture, lateralization of damage to one hemisphere, and extracranial injury appear to have little influence on the outcome.









Persistent Vegetative State


As a rule, PVS can be reliably diagnosed 12 months after a traumatic brain injury and 6 months after other cerebral insults. Recovery after 3 years for patients in PVS has not been reported (Wijdicks and Cranford, 2005). Those patients who have been reported to “improve” remain severely disabled, bed- or wheelchair-bound, and fully dependent on care. At 5 years, the mortality rate for PVS is in excess of 80%. Prolonged survival is rare and requires exquisite medical attention. Death typically results from untreated infection or overwhelming sepsis. “Miracle awakenings,” such as with the sudden appearance of communicative speech, have been observed rarely in patients in the minimally conscious state but not in those in PVS (Wijdicks and Cranford, 2005).












Brain Death






Clinical Approach to Brain Death


A thorough knowledge of the criteria for brain death is essential for the physician whose responsibilities include evaluation of comatose patients. Despite differences in state laws, the criteria for the establishment of brain death are fairly standard within the medical community. These criteria include the following:







• Coma. The patient should exhibit an unarousable unresponsiveness. There should be no meaningful response to noxious, externally applied stimuli. The patient should not obey commands or demonstrate any verbal response, either reflexively or spontaneously. Spinal reflexes, however, may be retained.


• No spontaneous respirations. The patient should be removed from ventilatory assistance, and carbon dioxide should be allowed to build up because of the respiratory drive that hypercapnia produces. The diagnosis of absolute apnea requires the absence of spontaneous respiration at a carbon dioxide tension of at least 60 mm Hg. A safe means of obtaining this degree of carbon dioxide retention involves the technique of apneic oxygenation, in which 100% oxygen is delivered endotracheally through a thin sterile catheter for 10 minutes. Arterial blood gas levels should be obtained to confirm the arterial carbon dioxide pressure.


• Absence of brainstem reflexes. Pupillary, oculocephalic, corneal, and gag reflexes all must be absent, and there should not be any vestibulo-ocular responses to cold calorics.


• Electrocerebral silence. An isoelectric EEG should denote the absence of cerebrocortical function. Some authorities do not regard the performance of an EEG as mandatory in assessing brain death, and instances of preserved cortical function despite irreversible and complete brainstem disruption have been reported.


• Absence of cerebral blood flow. Cerebral contrast angiography or radionuclide angiography can substantiate the absence of cerebral blood flow, which is expected in brain death. These tests are considered confirmatory rather than mandatory. On rare occasions, in the presence of supratentorial lesions with preserved blood flow to the brainstem and cerebellum, findings on cerebral radionuclide angiography may be misleading.


• Absence of any potentially reversible causes of marked CNS depression. Such causes include hypothermia (temperature 32°C [89.6°F] or less), drug intoxication (particularly barbiturate overdose), and severe metabolic disturbance.












Brain Death Survival


Despite aggressive therapeutic measures, survival of “brain-dead” persons for more than 1 week has been considered unlikely. Shewmon (1998) reviewed a series of 175 cases surviving longer than 1 week after diagnosis of “brain death.” Survival potential decreased exponentially, with an initial half-life of 2 to 3 months, followed at 1 year by a slow decline. One patient survived for more than 14 years. Survival was found to correlate inversely with age, and prolonged survival was more common with primary brain pathology. The tendency to cardiovascular collapse in brain death may be transient and is more likely to be attributable to systemic than to brain pathology.
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The term intellect designates the totality of the mental or cognitive operations that comprise human thought—the higher cortical functions that make up the conscious mind. The intellect and its faculties, the subject matter of human psychology, are the qualities that most separate human beings from other animals. Memory is a specific cognitive function: the storage and retrieval of information. As such, it is the prerequisite for learning, the building block of all human knowledge. Other “higher” functions such as language, calculations, spatial topography and reasoning, executive function, music, and creativity all represent functions of specific brain systems. The relationship of the mind and brain has long been of philosophical interest. Recent advances in cognitive neuroscience have made mind-brain questions the subject of practical scientific and clinical study. It is now possible to study how the metabolic activation of brain regions and the firing patterns of neurons give rise to the phenomenon of consciousness, the sense of self, the ability to process information, and the development of decisions and attitudes. The pattern of an individual’s habitual decisions and attitudes becomes one’s personality.


Francis Crick (1994), who with James Watson won the Nobel Prize for the discovery of the structure of DNA, expressed the “astonishing hypothesis” that “you, your joys and your sorrows, your sense of personal identity and free will, are in fact no more than the behavior of a vast assembly of nerve cells and their associated molecules” (p. 3). This chapter considers our knowledge of intellect and memory, mind and brain, from the perspective of the clinical neurologist who must assess disorders of the higher functions.






Neural Basis of Cognition






Cerebral Cortex


The cognitive operations discussed in this chapter take place among a large network of cortical cells and connections, the neural switchboard that gives rise to conscious thinking. The cortical mantle of the human brain is very large compared with animal brains, containing more than 14 billion neurons. The information stored in the human cerebral cortex rivals that found in large libraries. Within the cortical mantle, the areas that have expanded the most from animal to human are the association cortices, cortical zones that do not carry out primary motor or sensory functions but rather interrelate the functions of the primary motor and sensory areas. According to Nauta and Feirtag’s 1986 text, 70% of neurons in the human central nervous system reside in the cerebral cortex, and 75% of those are in the association cortex. Higher cortical functions, with few exceptions, take place in the association cortex.


The neuroanatomy of the cerebral cortex has been known in considerable detail since the 1800s. Primary cortical sensory areas include the visual cortex in the occipital lobe, the auditory cortex in the temporal lobe, the somatosensory cortex in the parietal lobe, and probably gustatory and olfactory cortices in the frontal and temporal lobes. Each of these primary cortices receives signals in only one modality (vision, hearing, or sensation) and has cortical-cortical connections only to adjacent portions of the association cortex also dedicated to this modality, called unimodal association cortex. Sensory information is sequentially processed in an increasingly complex fashion, leading from raw sensory data to a unified percept. Within each cortical area are columns of cells with similar function, called modules.


The organization of the primary sensory cortex and unimodal association cortex has been especially well worked out in the visual system through the Nobel Prize–winning research of Hubel and Wiesel and others. Retinal ganglion cells are activated by light within a bright center, with inhibition in the surround. These cells project through the optic nerve to the lateral geniculate body of the thalamus, then via the optic radiations to the primary visual cortex in the occipital lobes. In the primary visual cortex, a vertical band of neurons may be dedicated to the detection of a specific bright area, but in the cortex this is usually a bar or edge of light rather than a spot. These “simple” cells of the visual cortex respond to bright central bars with dark surrounds. Several such cells project to complex cells, which may detect an edge or line with a specific orientation or a specific direction of movement but with less specificity about the exact location within the visual field. Visual shapes are perceived by the operation of these cells. Complex cells in turn project to cells in the visual unimodal association cortex (the Brodmann areas 18 and 19), where cells may detect movement or patterns. Complex cells also respond to movement anywhere in the visual field, an important characteristic because of the organism’s need to maintain visual attention for possible hazards in the environment. In the visual association cortex, columns may respond to specific shapes, colors, or qualities such as novelty. In this fashion, the functions of cell columns or modules become more sophisticated from the primary cortex to the association cortex. In Fodor’s model, the modules of primary visual perception project to central systems. Cognitive science has made tremendous strides in the understanding of the neurobiology of specific functions such as vision, but it has yet to fathom the higher perceptual functions such as the concept of beauty in a starry sky or in a painting, or the cross-modality processes that underlie, for example, the adaptation of a ballet to a specific musical accompaniment.


Unimodal association cortices communicate with each other via still more complex connections to the heteromodal association cortex, of which there are two principal sites. The posterior heteromodal association cortex involves the posterior inferior parietal lobe, especially the angular gyrus. The posterior heteromodal cortex makes it possible to perceive an analogy between an association in one modality (e.g., a picture of a boat or the printed word boat in the visual modality) with a percept in a different modality (e.g., the sound of the spoken word boat). These intermodality associations are difficult for animals, even chimpanzees, but easy for human beings. Cross-sensory associations involve the functioning of cortical networks of multitudes of neurons; the analogy drawn by neuroscientists is to the vast arrays of circuits active in computer networks. The product of such associations is a concept.


The second heteromodal association cortex involves the lateral prefrontal region (Goldman-Rakic, 1996). This region is thought to be involved with attention or “working memory” and with sequential processes such as storage of temporally ordered stimuli and the planning of motor activities. This temporal sequencing of information and motor planning is referred to by neuropsychologists as the executive function of the brain—the decisions we make every instant regarding which of the myriad of sensory stimuli reaching the sensory cortices merit attention, which require a motor response, and in what sequence and timing these motor responses will occur.


Another frontal cortical area, the orbitofrontal portion of the prefrontal cortex, is thought to be involved in emotional states, appetites, and drives, or in the integration of internal bodily states with sensations from the external world. The orbitofrontal cortex is known as the supramodal cortex (Benson, 1996) because it relates the functions of the heteromodal cortex regarding attention and sequencing of responses with interoceptive inputs from the internal milieu of the body. The orbitofrontal area has close connections with the limbic system and autonomic, visceral, and emotional processes. In studying brain evolution from primitive reptiles to humans, the neurobiologist Paul MacLean hypothesized that the internal and emotional parts of the brain, the limbic system, must be tied into the newer neocortical areas responsible for intellectual function, and that the linking of these two systems must underlie the phenomenon of consciousness. In a review of neuronal mechanisms of consciousness, Ortinski and Meador (2004) defined conscious awareness as “the state in which external and internal stimuli are perceived and can be intentionally acted on” (p. 1017). Benson and Ardila (1996), in reviewing clinical data from individuals with frontal lobe damage, state that the supramodal cortex is the brain system that “anticipates, conjectures, ruminates, plans for the future, and fantasizes.” In other words, this part of the brain brings specific cognitive processes to conscious awareness and may be responsible for the phenomena of consciousness and self-awareness themselves.









Consciousness


All human beings have a subjective understanding of what it means to be conscious and to have a concept of self, yet the neural basis for conscious awareness and the sense of self remain poorly understood. Until recently, many neuroscientists left the study of consciousness to the realm of religion and philosophy. Even Hippocrates knew that consciousness emanated from the brain, but “to consciousness the brain is messenger.” Francis Crick devoted the last part of his career to the understanding of consciousness. For Crick, the best model for the study of consciousness is visual awareness because the anatomy and physiology of the visual system are well understood. Crick argued that neurons in the primary visual cortex likely do not have access to conscious awareness. Stated another way, we do not pay attention to much of what our eyes see and our visual cortex analyzes. A perceived object, however, excites neurons in several areas of the visual association cortex, each with associations that enter consciousness or are stored in short-term memory.


Crick and Koch (1995) hypothesized that activation of the frontal cortex is necessary for visual percepts to enter consciousness, although subconscious awareness in the form of blindsight may exist at the level of the occipital cortex. Conscious visual perception involves interactions between the visual parts of the brain and the prefrontal systems for attention and working memory (Ungerleider, Courtney, and Haxby, 1998). The orbitofrontal cortex contains neurons that integrate interoceptive stimuli related to changes in the internal milieu with exteroceptive sensory inputs such as vision. Ortinski and Meader (2004) also point out the varying latencies of perception of specific sensory stimuli, such as color versus identification of a visual object. A synchronization of inputs through the thalamus to the cortex may be necessary before the perception becomes conscious. As stated earlier, the interaction between attention to external stimuli and internal stimuli underlies conscious awareness.


In the visual system, Goodale and Milner (1992; Milner and Goodale, 2008; see also McIntosh and Schenk, 2009) have divided the visual system, after processing in the occipital cortex, into a ventral and a dorsal stream. The ventral stream, involved in perception of objects, is usually subject to conscious awareness and involves an occipital-temporal pathway, whereas the dorsal stream, involved in spatial localization of perceived objects to plan action, is usually less conscious.


There are many clinical examples of “unconscious” mental processing, and a number of these involve vision. Patients with cortical blindness sometimes show knowledge of items they cannot see, a phenomenon called blindsight. Patients with right hemisphere lesions who extinguish objects in the left visual field when presented with bilateral stimuli nonetheless show activation of the right visual cortex by functional magnetic resonance imaging (MRI), indicating that the objects are perceived, although not with conscious awareness (Rees et al., 2000). Libet (1999) demonstrated experimentally that visual and other sensory stimuli have to persist at least 500 milliseconds to reach conscious awareness, yet stimuli of shorter duration can elicit reactions. An experimental example of unconscious visual processing comes from Gur and Snodderly (1997), who tested color vision in monkeys. When two colors were projected at a frequency of greater than 10 Hz, the monkey perceived a fused color, yet cellular recordings clearly demonstrated coding of information about the two separate colors in the monkey’s visual cortex. Motor responses to sensory stimuli can occur before conscious awareness, as in the ability to pull one’s hand away from a hot stove before feeling the heat. Racers begin running before they are aware of having heard the starting gun (Crick and Koch, 1998). A familiar example of unconscious visual processing is the drive home from work; most individuals can remember very little they see on the trip, yet they avoid oncoming vehicles and obstacles, stop for red lights, and drive without accidents. Crick and Koch (1998) refer to the unconscious visual processing as an “online” visual system. We shall discuss unconscious or “implicit” memories later in this chapter. In language syndromes, patients can match spoken to written words without knowledge of their meaning, suggesting that there are unconscious rules of language. Brust (2000) has called all of these unconscious mental processes the “non-Freudian unconscious.”


Recent research has linked the right frontal cortex to the sense of self. Keenan and colleagues (2001) studied patients undergoing the Wada test, in which a barbiturate is injected into the carotid artery to determine cortical language dominance. They presented subjects with a self-photograph and a photograph of a famous person, followed by a “morphed” photograph of a famous person and the patient. When the left hemisphere was anesthetized, the subjects said that the morphed photograph represented the subject himself, whereas with right hemisphere anesthesia, the subject selected the famous face. Patients with frontotemporal dementia also indicate a relationship between the right frontal lobe and self-concept. In the series by Miller and colleagues (2001), six of the seven patients who developed a major change in self-concept during their illness had predominant atrophy in the nondominant frontal lobe. A last example of the sense of self is the so-called Theory of Mind, which alludes to the understanding of another person as a conscious human being. Keenan and colleagues (2005) cite evidence that the right hemisphere frontotemporal cortex is dominant for both the sense of self and the recognition of other people.


The frontal lobes, as the executive center of the brain and the determining agent for attention and motor planning, are the origin of several critical networks for cognition and action. Cummings (1993) described five frontal networks for consciousness and behavior. The frontal cortex projects to the basal ganglia, then to thalamic nuclei, and back to the cortex.


Clinical neurology provides important information about how lesions in the brain impair consciousness. The functioning of the awake mind requires the ascending inputs referred to as the reticular activating system, with its way stations in the brainstem and thalamus, as well as an intact cerebral cortex. Bilateral lesions of the brainstem or thalamus produce coma. Very diffuse lesions of the hemispheres produce an “awake” patient who shows no responsiveness to the environment, a state sometimes called coma vigil or persistent vegetative state, as in the well-known Terri Schiavo case (Bernat, 2006; Perry, Churchill, and Kirshner, 2005). Patients with very slight responses to environmental stimuli are said to be in a minimally conscious state (Wijdicks and Cranford, 2005). Recently, functional brain imaging studies have suggested that at least in a few patients labeled as having persistent vegetative state or minimally conscious state after traumatic brain injury, patients can think of playing tennis or standing in their home and seeing the other rooms, and the brain areas activated are similar to those of normal subjects. These same subjects, a small minority of patients with chronically impaired consciousness secondary to traumatic brain injury, showed evidence of conscious modulation of brain activity to indicate “yes” or “no” responses (Monti et al., 2010). This report has engendered controversy over our ability to determine when a patient truly lacks consciousness. In an accompanying editorial, Ropper noted that activation on brain imaging studies does not equal conscious awareness, and the concept that “I have brain activation, therefore I am…would seriously put Descartes before the horse” (Ropper, 2010).


Still less severe diffuse abnormalities of the association cortex produce encephalopathy, delirium, or dementia. These topics involve very common syndromes of clinical neurology. Stupor and coma are discussed in Chapter 5, and encephalopathy, or delirium, is covered in Chapter 4.


Focal lesions of the cerebral cortex generally produce deficits in specific cognitive systems. A detailed listing of such disorders would include much of the subject matter of behavioral neurology. Examples include Broca aphasia from a left frontal lesion, Wernicke aphasia from a left temporal lesion, Gerstmann syndrome (acalculia, left-right confusion, finger agnosia, and agraphia) from a left parietal lesion, visual agnosia or failure to recognize visual objects (usually from bilateral posterior lesions), apraxia from a left parietal lesion, and constructional impairment from a right parietal lesion. Multiple focal lesions can affect cognitive function in a more global fashion, as in the dementias (Chapter 66). Some authorities separate “cortical” dementias such as Alzheimer disease, in which combinations of cortical deficits are common, from “subcortical” dementias, in which mental slowing is the most prominent feature.


The frontal lobes are heavily involved in integration of the functions provided by other areas of cortex, and lesions there may affect personality and behavior in the absence of easily discernible deficits of specific cognitive, language, or memory function. In severe form, extensive lesions of the orbitofrontal cortex may leave the individual awake but staring, unable to respond to the environment, a state called akinetic mutism. With lesser lesions, patients with frontal lobe lesions may lose their ability to form mature judgments, reacting impulsively to incoming stimuli in a manner reminiscent of animal behavior. Such patients may be inappropriately frank or disinhibited. A familiar example is the famous case of Phineas Gage, a worker who sustained a severe injury to the frontal lobes. Gage became irritable, impulsive, and so changed in personality that coworkers said he was “no longer Gage.” Bedside neurological testing and even standard neuropsychological tests of patients with frontal lobe damage may reveal normal intelligence except for concrete or idiosyncratic interpretation of proverbs and similarities. Experimentally, subjects with frontal lobe lesions can be shown to have difficulty with sequential processes or shifting of cognitive sets, as tested by the Wisconsin Card Sorting Test or the Category Test of the Halstead-Reitan battery. Luria introduced a simple bedside test of sequential shapes (Fig. 6.1). In contrast to the subtlety of these deficits to the examiner, the patient’s family may state that there is a dramatic change in the patient’s personality.
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Fig. 6.1 Luria’s test of alternating sequences.


(Adapted from Luria, A.R., 1969. Frontal lobe syndromes, In: Vynken P., Bruyn, G.W. (Eds.), Handbook of Clinical Neurology, vol. 2, Elsevier, New York. Reprinted with permission from Kirshner, H.S., 2002. Behavioral Neurology: Practical Science of Mind and Brain, second ed. Butterworth Heinemann, Boston.)





Another clinical window into the phenomena of consciousness comes from surgery to separate the hemispheres by cutting the corpus callosum. In split-brain or commissurotomized patients, each hemisphere seems to have a separate consciousness. The left hemisphere, which has the capacity for speech and language, can express this consciousness in words. For example, a split-brain patient can report words or pictures that appear in the right visual field. The right hemisphere cannot produce verbal accounts of items seen in the left visual field, but the subject can choose the correct item by pointing with the left hand; at the same time, the subject claims to have no conscious knowledge of the item. In terms of the speaking left hemisphere, the right hemisphere has “unconscious” visual knowledge, or blindsight. At times, the left hand of the patient may seem to operate under a different agenda from the right hand. A split-brain patient may select a dress from a rack with the right hand while the left hand puts it back or selects a more daring fashion. This rivalry of the left hand with the right is called the alien hand syndrome, a striking example of the separate consciousnesses of the two divided hemispheres (Gazzaniga, 1998). Callosal syndromes, including the alien hand syndrome, have also been described in patients with strokes involving the corpus callosum (Chan and Ross, 1997).












Memory






Memory Stages


Memory refers to the ability of the brain to store and retrieve information, the necessary prerequisite for all learning. Some memories are so vivid they seem like a reliving of a prior experience, as in Marcel Proust’s sudden recollections of his youth on biting into a madeleine pastry. Other memories are more vague or bring up a series of facts rather than a perceptual experience. Memory has been divided into several types and stages, leading to a confusing set of terms and concepts. Clinical neurologists have historically divided memory into three temporal stages. The first stage, called immediate memory span, corresponds to Baddeley’s concept of working memory (Baddeley, 2010). Immediate memory refers to the amount of information a subject can keep in conscious awareness without active memorization. The normal human being can retain seven digits in active memory span. Perhaps by coincidence, seven digits comprise a local telephone number. Most normal people can hear a telephone number, walk across the room, and dial the number without active memorization. Numbers of more than seven digits, called supraspan numbers, do require active memory processing, as do unnatural tasks such as reverse digit span. Disorders of attention affect digit span and very focal lesions of the superior frontal neocortex affecting Brodmann areas 8 and 9 may have profound effects on immediate memory (Goldman-Rakic, 1996). Many patients with aphasia secondary to left frontal lesions have impaired immediate memory. The items in immediate memory are normally forgotten as soon as the subject’s attention switches to another topic (telephone numbers we look up and call once tend to be completely forgotten quickly unless we actively try to “memorize” them).


The second stage of memory, referred to by clinicians as short-term or recent memory, involves the ability to register and recall specific items such as words or events after a delay of minutes or hours. Synonyms for this type of memory include declarative and episodic memory (Squire and Zola, 1996; Dickerson and Eichenbaum, 2010). Some memory investigators and cognitive neuroscientists refer to immediate memory span as short-term and recent memory as long-term. This differs from clinical usage and causes confusion; for this reason, it is better to use the less ambiguous term, episodic memory. This second stage of memory requires the function of the hippocampus and parahippocampal areas of the medial temporal lobe for both storage and retrieval. The amygdala, a structure adjacent to the medial temporal cortex, is not essential for episodic memory but seems crucial for recall of emotional contexts of specific events and the reactions of fear or pleasure associated with those events. The familiar bedside test of recalling three unrelated memory items at 5 minutes demonstrates episodic (short-term) memory, as do questions about this morning’s breakfast.


Long-term memory, also called remote memory, refers to long-known information such as where one grew up, who was one’s first grade teacher, or the names of grandparents. In current parlance, the factual knowledge we recall consciously is called semantic memory (Budson and Price, 2005). Recall of famous figures or events, such as presidents or wars, and knowledge of semantic information, such as the definitions of words and the differences between words, are used to test semantic memory. Semantic memory differs from personal long-term memory in that the subject can continuously replenish such knowledge by reading and conversation.


Semantic memory is thought to reside in multiple cortical regions such as the visual association cortex for visual memories, the temporal cortex for auditory memories, and so on. This concept of multiple localizations of semantic memory is supported by functional brain imaging research (Cappa, 2008). Specific semantic knowledge of word meanings is thought to reside in the left lateral temporal cortex. Remote memory, as we shall see later, resists the effects of medial temporal damage; once memory is well stored in the neocortex, it can be retrieved without use of the hippocampal system.


Other categories of memory exist that do not fit into this temporal classification, such as motor and procedural memories. These will be discussed later in this chapter. Table 6.1 is a classification of memory stages.




Table 6.1 Memory Stages
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Amnestic Syndrome


The amnestic syndrome (Box 6.1) refers to profound loss of the second stage of memory, episodic, recent, or short-term memory. These patients, most of whom have bilateral hippocampal damage, have normal immediate memory span and largely normal ability to recall remote memories such as their childhood upbringing and education. Other cognitive or higher cortical functions may be completely intact, which distinguishes these patients from those with dementias such as Alzheimer disease. Motor memories (see Other Types of Memory) tend to be preserved in patients with amnestic syndrome, who may be taught to perform a new motor skill such as mirror writing. When asked to perform it again, the patient will typically not recall knowing how to do it, but once he or she gets started, the action comes back (the memory is in the hands). Other more variable features of the amnestic syndrome include disorientation to time and sometimes place and confabulation, or making up information the memory system does not supply. Amnestic patients live in an eternal present in which they can interact, speak intelligently, and reason appropriately, but they do not remember anything about the interaction a few minutes after it ends. An amnestic patient may complete an IQ test with high scores but not recall taking the examination minutes later. These patients are condemned to repeat the same experiences without learning from them.





Box 6.1 Amnestic Syndrome Features







Impaired recent memory (anterograde, retrograde)


Global amnesia


Spared procedural memory


Preserved immediate memory


Preserved remote memory


Intact general cognitive function


Disorientation to time or place


Confabulation








The registration of short-term or episodic memory involves a consolidation period during which a blow to the head, as in a football injury, can prevent memories from being stored or recalled. The recognition or recall of items appears to require the hippocampus. The site of storage of memories, as noted earlier, likely involves large areas of the neocortex specialized for specific cognitive functions such as auditory or visual analysis. Once processed in the neocortex and stored for a long period of time, items can be recalled even in the presence of hippocampal damage, as in the case of remote or semantic memories. After an injury producing hippocampal damage, a retrograde period of memory loss may extend back from minutes to years, and the subject cannot form new anterograde memories. As the ability to form new memories returns, the period of retrograde amnesia shortens or “shrinks” (“shrinking retrograde amnesia”). After a minor head injury, the permanent amnestic period may involve a few minutes of retrograde amnesia and a few hours or days of anterograde amnesia. In experimental studies in which amnestic subjects are shown famous people from past decades, a temporal gradient has been found in which subjects have excellent memory for remote personages but recall progressively less from periods dating up to the recent past.


The neuroanatomy of the amnestic syndrome is one of the best-studied areas of cognitive neuropsychology. In animal models, bilateral lesions of the hippocampus, parahippocampal gyrus, and entorhinal cortex produce profound amnesia (Squire and Zola, 1996). Human patients undergoing temporal lobectomy for epilepsy have shown very similar syndromes. In the early period of this surgery, a few patients were deliberately subjected to bilateral medial temporal ablations, with disastrous results for memory, as seen in the famous patient, H.M. (Corkin, 2002; Squire, 2009). In other cases, unilateral temporal lobectomy caused severe amnesia. In one such case, an autopsy many years later showed preexisting damage to the contralateral hippocampus. Patients currently receive extensive evaluation such as the Wada test (intracarotid barbiturate infusion) to ensure that ablation of one hippocampus will not result in the amnestic syndrome, although partial memory deficits still occur. Other common causes of the amnestic syndrome involving bilateral medial temporal lesions include bilateral strokes in the posterior cerebral artery territory, involving the hippocampus, and herpes simplex encephalitis, which has a predilection for the orbitofrontal and medial temporal cortices. Gold and Zola (2006) described three new cases of the amnestic syndrome with detailed neurobehavioral testing in life and neuropathology at autopsy. One had bilateral hippocampal damage, one had Wernicke-Korsakoff syndrome with damage in the mammillary bodies and dorsomedial thalamus, and one had bilateral thalamic infarctions; we will return to these other anatomic substrates of memory later.


Although the anatomy of memory storage and retrieval has been known for many years, numerous recent refinements have been made. Fig. 6.2 shows a simplified diagram of the memory system in the human brain. The hippocampus on each side projects via the fornix to the septal areas, then to the mammillary bodies, which in turn project to the anterior nucleus of the thalamus and on to the cingulate gyrus of the frontal lobe, which projects back to the hippocampus. This circuit (Papez circuit) is critical for short-term memory registration and retrieval. Disease processes that affect extrahippocampal parts of this circuit also cause amnesia. One well-studied example is the Wernicke-Korsakoff syndrome induced by thiamine deficiency, usually in the setting of alcoholism, with damage to the mammillary bodies and dorsomedial thalamic nuclei (Gold and Squire, 2006). A second clinical example is that of patients with ruptured aneurysms of the anterior communicating artery, which are associated with damage to the deep medial frontal areas such as the septal nuclei. These two amnestic syndromes are commonly associated with confabulation. The anterior communicating artery aneurysm syndrome also involves frontal executive dysfunction (Diamond, DeLuca, and Kelley, 1997). Traumatic brain injuries commonly produce memory loss, probably because the most common sites of damage are in the frontal and temporal lobes, but other deficits besides memory frequently occur. Of course, memory loss can be seen in several other neurological conditions, including brain tumors of the thalamus or temporal lobes, white matter diseases such as multiple sclerosis, and dementing diseases such as Alzheimer disease, which has a predilection for the hippocampus, basal frontal nuclei, and neocortex. In these other disorders, memory loss is usually not as isolated a deficit as in the amnestic syndrome.
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Fig. 6.2 Episodic memory. The medial temporal lobes, including the hippocampus and parahippocampus, form the core of the episodic memory system. Other brain regions are also necessary for episodic memory to function correctly.


(Adapted from Budson, A.E., Price, B.H., 2005. Memory dysfunction, N Engl J Med 352, 692-699.)





Recently, use of functional brain imaging in awake patients has contributed to knowledge of the anatomy of memory function. According to an early positron emission tomography (PET) study, several brain regions show consistent activation in normal subjects during memory testing. These brain regions include (1) the prefrontal cortex, especially on the right; (2) the hippocampal and adjacent medial temporal regions; (3) the anterior cingulate cortex; (4) the posterior midline regions of the cingulate, precuneate, and cuneate gyri; (5) the inferior parietal cortex, especially on the right; and (6) the cerebellum, particularly on the left (Cabeza et al., 1997). A model for the functions of these areas in memory are as follows: the prefrontal cortex appears to relate to retrieval activation and attention, the hippocampi to conscious recollection, the cingulate cortex to the activation of memory and selection of a specific response, the posterior midline regions to visual imagery, the parietal cortex to spatial awareness, and the cerebellum to voluntary self-initiated retrieval (Cabeza et al., 1997; Wagner et al., 1998; Dickerson and Eichenbaum, 2010). In subjects asked to recognize previously presented pairs of associated words, the right prefrontal cortex, anterior cingulate cortex, and inferior parietal region were the most activated. When the subject had to recall the words, the basal ganglia and left cerebellum also became active. In similar studies using functional MRI, Wagner and colleagues (1998) found that the left prefrontal region was predominantly involved when words were semantically encoded in memory; the right frontal activations seen in the previous study reflected nonverbal memory stimuli. Even in the hippocampus, words elicited activation of the left hippocampus, objects evoked activation in both hippocampi, and faces mainly activated the right hippocampus (Fliessbach et al., 2010; Rosazza et al., 2009). In studies of the recognition of visual designs, Petersson and colleagues (1997) found that the medial temporal cortex activates more during new learning tasks than during previously trained and practiced memory tasks. Other areas activated during the new learning task included the prefrontal and anterior cingulate areas, more on the right side, and the parieto-occipital lobes bilaterally. Trained tasks activated the hippocampi much less but did activate the right infero-occipitotemporal region. This finding correlates with human studies indicating that overlearned memories gradually become less dependent on the hippocampus. Rugg and colleagues (1997) also found greater activation of the left medial temporal cortex in tasks in which the subject remembered words by “deep encoding” of their meaning compared to simpler “shallow” encoding of the specific word. Other studies have shown that the deeper the encoding of a word’s meaning, the better the subject remembers it (Schacter, 1996). Finally, the amygdala appears necessary for affective aspects of memory items, such as recall of fear associated with a specific stimulus (Knight, Waters, and Bandettini, 2009).


Budson and Price (2005) provide a simple analogy for remembering the anatomical organization of episodic memory. By this analogy, the frontal lobes are the “filing clerk” of the memory system, deciding what memories to file or retrieve. The medial temporal lobes are the “recent memory filing cabinet,” where recent memories are consolidated. More remote memories are stored in the “remote memory filing cabinet,” thought to be located more diffusely in other cortical regions.


Basic research on animals has begun to unravel the fundamental biochemical processes involved in memory. Bailey and colleagues (1996) have studied memory formation in the giant snail, Aplysia. Development of long-term facilitation, a primitive form of memory, requires activation of a gene called CREB (cyclic adenosine monophosphate response element-binding protein) in sensory neurons. In this system and also in similar studies on the fruit fly, Drosophila, gene activation and protein synthesis are necessary for memory formation. Injection of protein-synthesis inhibitors into the hippocampus can prevent consolidation of memories (McGaugh, 2000). Although similar studies have not been performed in humans, it is likely that similar gene activation and protein synthesis, perhaps beginning in the hippocampi but proceeding through its neocortical connections, is necessary for the transition from immediate working memory to longer-term storage of memory (Bear, 1997). This field of research may hold promise for the development of drugs to enhance memory storage.









Syndromes of Partial Memory Loss


In contrast to the global amnesia seen in amnestic syndrome, patients have been described who have memory loss for selected classes of items. For example, patients who undergo left temporal lobectomy for intractable epilepsy usually have detectable impairment of short-term verbal memory, whereas those undergoing right temporal resection have impairment only of nonverbal memory. Isolated sensory-specific memory loss syndromes have also been described, such as pure visual or tactile memory loss. Ross described two patients with bilateral occipital lesions that disconnected the visual cortex from the memory structures. These patients could draw a diagram of their homes but could not learn new spatial layouts. Ross postulated that diagnosis of a selective visual recent memory deficit requires documentation of normal visual perception, absence of aphasia sufficient to impair testing, intact immediate visual memory, intact remote visual memory, and normal recent memory in other modalities. A similar syndrome of isolated tactile memory loss has also been described.









Transient Amnesia


Transient amnesia is a temporary version of amnestic syndrome. The most striking example of transient amnesia is the syndrome of transient global amnesia, lasting from several to 24 hours. In this syndrome, an otherwise cognitively intact individual suddenly loses memory for recent events, asks repetitive questions about his or her environment, and sometimes confabulates. During the episode, the patient has both anterograde and retrograde amnesia, as in the permanent amnestic syndrome. As recovery occurs, however, the retrograde portion “shrinks” to a short period, leaving a permanent gap in memory of the brief retrograde amnesia before the episode and the period of no learning during the episode. The syndrome is of unknown cause but can be closely imitated by disorders of known etiology such as partial complex seizures, migraine, and possibly transient ischemia of the hippocampus on one or both sides. Strupp and colleagues (1998) reported that 7 of 10 patients imaged during episodes of transient global amnesia showed abnormal diffusion MRI signal in the left hippocampus; 3 of these had bilateral hippocampal abnormalities. Permanent infarctions were not found. Yang and colleagues (2008) reported similar hippocampal lesions in the lateral or CA1 region in 17 of 20 cases of TGA. Other investigators have found frontal lobe abnormalities by diffusion-weighted MRI or PET. Gonzalez-Martinez and colleagues (2010) recently reported a case in which a small left thalamic infarction found by diffusion-weighted MRI was associated with hypometabolism in the left thalamic region, seen on FDG-PET. These studies do not prove an ischemic etiology for transient global amnesia; rather, they indicate transient dysfunction in the hippocampus or its connections. The last several patients with transient global amnesia observed at our hospital have had normal diffusion-weighted MRI studies, except for two patients who had incomplete recovery; these patients both had left medial temporal infarctions. Confusional migraine, partial epilepsy (Bilo et al., 2009), drug intoxication, alcoholic “blackouts,” and minor head injuries can also produce transient amnesia.












Other Types of Memory (Nondeclarative or Implicit Memory)


A confusing array of memory classifications and terminology has arisen, as shown in Table 6.2. Several aspects of memory do not involve the conscious recall involved in the three temporal memory stages. A simple example is motor memory, such as the ability to ride a bicycle, which is remarkably resistant to hippocampal damage. Such motor memories probably reside in the basal ganglia and cerebellum. In Squire and Zola’s (1996) classification, motor memories of this type are called procedural or implicit nondeclarative memories; note that all three of the temporal stages of memory—working (immediate) memory, episodic (short-term) memory, and semantic (long-term) memory—are declarative, explicit.


Table 6.2 Types of Memory and Their Localization






	Types of Recent Memory

	Localization






	DECLARATIVE (EXPLICIT)

	 






	Facts, events

	Medial temporal lobe






	NONDECLARATIVE (IMPLICIT)

	 






	Procedural skills

	Basal ganglia, frontal lobes






	Classical conditioning

	Cerebellum (+ amygdala)






	Probabilistic classification learning

	Basal ganglia






	Priming

	Neocortex







Another term for the class of memories for which subjects have no conscious awareness is implicit or nondeclarative memory (in contrast to the explicit declarative memory of episodic events). Implicit memories have in common storage and retrieval mechanisms that do not involve the hippocampal system; perhaps for this reason, the subject has no conscious knowledge of them. These procedural memories involve “knowing how” rather than “knowing that.” Amnestic patients can learn new motor memories such as mirror drawing, which they can perform once started, although they have no recollection of knowing the task. Motor learning likely involves the supplementary motor cortex, basal ganglia, and cerebellum. Strokes in the territory of the recurrent artery of Heubner (affecting the caudate nucleus) can affect procedural memory (Mizuta and Motomura, 2006). Another type of memory localized to the cerebellum is classical conditioning, in which an unconditioned stimulus becomes associated with a reward or punishment given when the conditioned stimulus is presented (Thompson and Kim, 1996; Clark, Manns, and Squire, 2002). The conditioning itself clearly involves the cerebellum, but the emotional aspect of the reward or punishment stimulus may reside in the amygdala. Classical conditioning can continue to function after bilateral hippocampal damage. Squire and Zola (1996) outlined other types of nondeclarative memory that take place independent of the hippocampal system. Probabilistic classification learning (e.g., predicting the weather from a combination of cues that are regularly associated with sunny or rainy weather) is unaffected by hippocampal damage but impaired in diseases of the basal ganglia such as Huntington and Parkinson diseases (Thompson and Kim, 1996; Gluck, Myers, and Shohamy, 2002). Learning artificial grammar can also take place in the presence of amnestic syndrome, with functional imaging showing activation in the left parietal and occipital lobes (Skosnik et al., 2002). In all these memory experiments, the subject has no awareness of how he or she is able to answer the questions. The last form of nondeclarative memory is called priming, the presentation of a stimulus associated with the word or idea to be remembered, which then aids in retrieval of the item (e.g., recalling the word doctor when nurse appears on a priming list). Priming appears to involve the neocortex (Thompson and Kim, 1996; Levy et al., 2004). Schacter and Buckner (1998) have shown that deliberate use of priming can help amnestic patients compensate for their memory loss in everyday life.









Bedside Tests of Memory and Cognitive Function


The most important point to be made about bedside evaluations of cognition and memory is that they are an integral part of the neurological examination and a tool by which the neurologist localizes lesions affecting the higher cortical functions, just as the motor or cerebellar examinations localize neurological deficits. The most common error made by neurologists is to omit a systematic evaluation of mental function in patients who seem “alert and oriented.” Deficits of memory, deficits in fund of knowledge, or focal deficits such as apraxia, agnosia, acalculia, or constructional impairment can be missed. Some patients have a “cocktail party” conversational pattern that belies such deficits; others become expert at deferring questions to a spouse or family member. Every neurologist has the task of deciding which patients need formal cognitive testing and whether to make up an individual test routine or to rely on one of the standard tests. Again, it is more important to make the assessment than to follow a specific format.


Several versions of bedside mental status testing have been published. Perhaps the most widely used is Folstein’s Mini-Mental State Examination (MMSE). The MMSE consists of 30 points: 5 for orientation to time (year, season, month, date, and day), 5 for orientation to place (state, county, town, hospital, and floor), 5 for attention (either serial 7s with 1 point for each of the first five subtractions or “spell world backward”), 3 for registration of three items, 3 for recall of three items after 5 minutes, 2 for naming a pencil and a watch, 1 for repeating “no ifs, ands, or buts,” 3 for following a three-stage command, 1 for following a printed command (“close your eyes”), 1 for writing a sentence, 1 for copying a diagram of two intersecting pentagons.


The advantages of the MMSE are short time of administration and quantitation, useful in documentation for insurance benefits, such as rehabilitative therapies or drug therapy, and for disability assessment. Several disadvantages of the MMSE have been identified. First, the normal range of scores depends on education. The low-normal cutoff is estimated by Crum and colleagues (1993) to be 19 for uneducated people, 23 for graduates of elementary or junior high school, 27 for high school graduates, and 29 for college graduates. Age is also a factor. In addition, the test is weighted toward orientation and language, and results can be normal in patients with right hemisphere or frontal lobe damage. Finally, even an abnormal score does not distinguish a focal lesion from a more diffuse disorder such as an encephalopathy or dementia.


One answer to the dilemma of mental status testing is to use the MMSE as a screening test and then supplement it with more focused tests. Box 6.2 lists the key elements of a mental status examination, whether the examiner chooses to adopt the MMSE, one of the other bedside cognitive instruments, or to create an individual test battery. Several texts provide further detail on such a battery. Although the mental status examination is the most neglected area of the neurological examination, it generally requires only a few minutes, and its cost-effectiveness compares well with brain imaging studies such as MRI or PET.





Box 6.2 Bedside Mental Status Examination







Orientation (time, place, person, situation)


Memory (immediate, short-term, long-term)


Fund of information


Speech and language


Praxis


Calculations


Visual-constructional abilities


Abstract reasoning, sequential processes








An experienced examiner can learn much about the subject’s mental status by careful observation during the history. Considerable insight can be gained into the subject’s recent memory, orientation, language function, affect or mood, insight, and judgment. Affect and mood are best assessed in this fashion; if there is doubt, the examiner should consider how the patient makes the examiner feel: a depressed patient often makes the examiner feel depressed, whereas a manic patient makes the examiner feel happy and amused.


The formal mental status examination should always include explicit testing of orientation including the date, place, and situation. Memory testing should include an immediate attention test, of which the most popular are forward digit span, serial-7 subtractions from 100, or the MMSE test “spell world backward.” Short-term memory should include recall of three unrelated words at 5 minutes. The subject should always be asked to say them back after presentation to make sure the three items have registered. At times, nonverbal short-term memory, such as recalling the locations of three hidden coins or reproducing drawings, can be useful to test. Remote memory can be tested by having the subject name children or siblings. Fund of information can be tested with recent presidents or other political figures. For patients who do not pay attention to politics, use of athletic stars or television celebrities may be more appropriate. Language testing should include spontaneous speech, naming, repetition, auditory comprehension, reading, and writing (the bedside language test is described in more detail in Chapter 12). In our practice, we like to show subjects more difficult naming items such as the drawings from the NIH Stroke Scale or body parts such as the thumb or the palm of the hand. Praxis testing should include the use of both imaginary and real (e.g., saw, hammer, pencil) objects. Both hands should be tested separately. Calculation tasks include the serial-7 subtraction test and simple change-making problems. Visual-spatial-constructional tasks can include line bisection, copying a cube or other design, and drawing a clock or a house (Fig. 6.3). The MMSE contains only one constructional task, the copying of intersecting pentagons. Many neurologists supplement this with the clock-drawing test. Insight and judgment are probably best tested by assessing the patient’s understanding of his own illness. Artificial tests include interpretation of proverbs (e.g., “Those who live in glass houses should not throw stones”) or stating why an apple and an orange are similar. An artificial test sometimes used to test frontal lobe processing is the copying and continuation of Luria’s test of alternating sequences (sequential squares and triangles; see Fig. 6.1). With these tests, preliminary localization can be made in the deep memory structures of the medial temporal lobes, the frontal lobes (insight and judgment, proverbs, similarities, Luria’s sequence test), the left hemisphere language cortex in the frontal and temporal lobes, the left parietal region (calculations), and the right parietal lobe (visual-constructional tasks).





[image: image]

Fig. 6.3 Spontaneous clock drawing and copying of a cross by a patient with a right parietal infarction. The patient had only mild hemiparesis but dense left hemianopia and neglect of the left side of the body. The neglect of the left side of space is evident in both drawings.


(Reprinted with permission from Kirshner, H.S., 2002. Behavioral Neurology: Practical Science of Mind and Brain, second ed. Butterworth Heinemann, Boston.)





In conclusion, this chapter considers the areas of neurology that most physicians find the most abstruse—namely, the higher cortical functions, intellect, and memory. As stated at the outset, this area of neurology can be treated as a series of specific functions to be analyzed at the bedside and localized, just like other functions of the nervous system. In fact, the rapidly increasing knowledge of cognitive neuroscience and our vastly improved ability to image the brain both at rest and during functional activities promises a new era of practical diagnosis of higher cognitive disorders.
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Developmental delay occurs in approximately 1% to 3% of children. Since developmental delay is common, monitoring a child’s development is an essential component of well-child care. Ongoing assessment of the child’s development at each well-child visit creates a pattern of development that is more useful than measuring the discrete milestone achievements at a single visit; therefore, developmental screening should be completed at each well-child visit (Council on Children with Disabilities, 2006). Identification of a child with developmental delays should be accomplished as early as possible, because the earlier a child is identified, the sooner the child can receive a thorough evaluation and begin therapeutic interventions that can improve the child’s outcome. Developmental delay is common and one of the most frequent presenting complaints to a pediatric neurology clinic; neurologists should have a systematic approach to the child with developmental delay.


This chapter begins with a brief discussion of child development concepts related to typical and atypical development. Next, the clinical evaluation and management of developmental delay is reviewed. The chapter closes with a discussion of neurological regression.






Typical and Atypical Development






Child Development Concepts


Child development is a continuous process of acquiring new and advanced skills. This development depends on maturation of the nervous system. Although typical child development follows a relatively consistent sequence, it is not linear. Instead, there are spurts and lags. For example, motor development in the first year of life proceeds relatively rapidly. Babies typically mature from being completely immobile to walking in just over 12 months, but then motor development progresses less dramatically during the second year of life. Conversely, language development in the first year of life occurs slowly, but there is an explosion of language acquisition between a child’s first and second birthdays.


On average, most children achieve each developmental milestone within a defined and narrow age range (Table 7.1). Usually physicians learn the average age for acquiring specific skills. However, since each developmental skill can be acquired within an age range, it is much more useful clinically to know when a child’s development falls outside this range. These so-called red flags are important because they can be used to identify when a child has developmental delay for specific skills. For example, although the average age of walking is approximately 13 months, a child may walk as late as 17 months and still be within the typical developmental range. In this example, the red flag for independent walking is 18 months, and a child who is not walking by 18 months of age is delayed.




Table 7.1 Normal Developmental Milestones by Age (50th-75th Percentile)


[image: image]














Global Developmental Delay






Developmental History


Child development is classically divided into five interdependent domains or streams: gross motor, fine motor and problem-solving, receptive language, expressive language, and socialization/adaptive. The approach to a child with possible developmental delays is based on a working knowledge of these domains and the typical age ranges for acquiring specific milestones within each domain. Therefore, the clinician should begin the evaluation of a child with developmental concerns by obtaining a developmental history, and emphasis should be placed on the pattern of milestone acquisition as well as the child’s current developmental skills. Clinicians working in a busy clinical setting may need to base this history primarily on the caregiver’s report of the child’s developmental abilities. Clinicians may also use standardized tools to aid in this portion of the history, including the Ireton Child Development Inventory (CDI), the Ages and Stages Questionnaire (ASQ), and the Parents’ Evaluation of Developmental Status (PEDS). However, if the clinician’s history confirms a developmental disability, standardized testing by a developmental specialist or clinical psychologist should be strongly considered; this formal evaluation will provide a much better assessment of the child’s developmental abilities.


When there is concern about developmental delay in a child, a developmental quotient should be calculated. The developmental quotient is the ratio of the child’s developmental age over the chronological age. The developmental quotient should be calculated for each developmental stream. Typical development is a developmental quotient greater than 70%, and atypical development it is a developmental quotient less than 70%. Toddlers and young children with atypical development are at risk for lifelong developmental problems. The term global development delay is used if a child younger than 5 to 6 years of age has a developmental quotient less than 70% in two or more domains. Children with global developmental delay should receive a thorough medical evaluation to try to determine the cause of the delay and begin management for their developmental disabilities.









Neurological and Other Medical History


For children with global developmental delay, the clinician should obtain a thorough medical history, including a detailed neurological history. Pertinent aspects of the history include the presence of any other neurological condition such as epilepsy, vision or hearing impairments, ataxia or a movement disorder, sleep impairment, and behavioral problems. The clinician should also inquire about prenatal, perinatal, and postnatal factors that can impact a child’s development (Tables 7.2 and 7.3). The social history should probe for environmental factors that can affect development, including physical or other forms of abuse, neglect, psychosocial deprivation, family illness, impaired personalities in family members, sociocultural stressors, and the economic status of the family.


Table 7.2 Etiology of Developmental Delay by Time of Onset






	Prenatal/Perinatal

	Examples






	Congenital malformations of the CNS

	Lissencephaly, holoprosencephaly






	Chromosomal abnormalities

	Down syndrome, Turner syndrome






	Endogenous toxins

	Maternal hepatic or renal failure






	Exogenous toxins from maternal use

	Anticonvulsants, anticoagulants, alcohol, drugs of abuse






	Fetal infection

	Congenital infections






	Prematurity and/or fetal malnutrition

	Periventricular leukomalacia






	Perinatal trauma

	Intracranial hemorrhage, spinal cord injury






	Perinatal asphyxia

	Hypoxic-ischemic encephalopathy






	Postnatal

	Examples






	Inborn errors of metabolism

	Aminoacidopathies, mitochondrial diseases






	Abnormal storage of metabolites

	Lysosomal storage diseases, glycogen storage diseases






	Abnormal postnatal nutrition

	Vitamin or calorie deficiency






	Endogenous toxins

	Hepatic failure, kernicterus






	Exogenous toxins

	Prescription drugs, illicit substances, heavy metals






	Endocrine organ failure

	Hypothyroidism, Addison disease






	CNS infection

	Meningitis, encephalitis






	CNS trauma

	Diffuse axonal injury, intracranial hemorrhage






	Neoplasia

	Tumor infiltration, radiation necrosis






	Neurocutaneous syndromes

	Neurofibromatosis, tuberous sclerosis complex






	Neuromuscular disorders

	Muscular dystrophy, myotonic dystrophy






	Vascular conditions

	Vasculitis, ischemic stroke, sinovenous thrombosis






	Other

	Epilepsy, mood disorders, schizophrenia







CNS, Central nervous system.


From Sherr, E.H., Shevell, M.I., 2006. Mental retardation and global developmental delay, in: Swaiman, K.F., Ashwal, S., Ferriero, D.I. (Eds.), Pediatric Neurology, Principles and Practice, fifth ed. Mosby, Philadelphia.


Table 7.3 Perinatal Risk Factors for Neurologic Injury






	Maternal/Prenatal

	Natal

	Postnatal






	Age <16 years or >40 years

	Intrauterine hypoxia: prolapsed umbilical cord, abruptio placenta, circumvallate placenta

	Abnormal feeding: poor sucking, weight gain, malnutrition, vomiting






	Cervical or pelvic abnormalities

	Midforceps delivery or breech presentation

	Abnormal crying






	Maternal illnesses: infection, shock, diabetes, nephritis, phlebitis, proteinuria, renal hypertension, thyroid disease, drug addiction, malnutrition

	Poor Apgar scores: cyanosis, poor respiratory effort, bradycardia, poor reflexes, hypotonia   

	Abnormal exam: asymmetrical face, asymmetrical extremities, dysmorphic features, hypotonia, birth injuries, seizures






	Maternal features: unmarried, uneducated, nonwhite, low-income, thin, short

	Need for resuscitation: respiratory distress, bradycardia, hypotension

	Abnormal findings: hyperbilirubinemia, fever, hypothermia, hypoxia






	Consanguinity

	Gestational age <30 weeks

	 






	Prior abnormal pregnancy, miscarriages, stillbirths, abortions, neonatal deaths, infants less than 1500 g, abnormal placenta

	Vaginal bleeding in the second or third trimester

	 






	 

	Hypoxic-ischemic encephalopathy

	 






	 

	Polyhydramnios or oligohydramnios

	 







From Sherr, E.H., Shevell, M.I., 2006. Mental retardation and global developmental delay, in: Swaiman, K.F., Ashwal, S., Ferriero, D.I. (Eds.), Pediatric Neurology, Principles and Practice, fifth ed. Mosby, Philadelphia.


Though families now typically have fewer children, and the caregivers’ knowledge of family history is frequently quite limited, the clinician should still make an effort to obtain a three-generation pedigree. The pertinent aspects of the family history include developmental disabilities, special education services or failure to graduate from school, neurodegenerative disorders, multiple miscarriages or early postnatal death, ethnicity, and consanguinity. If a specific genetic syndrome is suspected, the clinician should inquire about the presence in other family members of medical problems associated with that syndrome. For example, if the child has the features of fragile X syndrome, the family history should include questions about maternal premature ovarian failure, parkinsonism or ataxia of unknown etiology in the maternal grandfather, and intellectual disability or learning problems in an X-linked pattern.









Physical Examination


The growth parameters of the child should be measured, and the growth charts should be reviewed to determine the child’s rate of growth. This is pertinent because many chromosomal anomalies and other genetic disorders that cause global developmental delay and intellectual disability are associated with failure to thrive or short stature, large stature, microcephaly, and macrocephaly.


In the mental status portion of the examination, the clinician should note the interactions the child has with his or her caregivers and the clinician. Abnormal behaviors such as impaired eye contact, limited or absent social reciprocity, restricted or repetitive behaviors, and communication impairment may indicate that the child has an autism spectrum disorder, and the child should be referred to a psychologist for assessment or confirmation of this condition. Other abnormal behaviors such as hyperactivity, impulsivity, and inattention, as well as suboptimal parenting skills, may also be noted during these observations. However, the clinician should use caution when raising concerns about a behavior problem based solely on the child’s behavior in clinic, since this stressful situation may lead the child to manifest uncharacteristic behaviors.


A complete general physical and neurological examination should be performed to the extent the child will allow. The general examination should include but not be limited to an evaluation for dysmorphic features; abnormalities of the eyes (Table 7.4), skin, and hair; and organomegaly (Table 7.5). The neurological examination should include signs of impairment in extraocular movements; hypertonia or hypotonia; focal or generalized weakness; abnormal posture or movements; abnormal or asymmetrical tendon reflexes; ataxia, incoordination or other signs of cerebellar dysfunction; and gait abnormalities (see Table 7.5).


Table 7.4 Ocular Findings Associated with Selected Syndromic Developmental Disorders






	Finding

	Examples






	Cataracts

	Cerebrotendinous xanthomatosis, galactosemia, Lowe syndrome, LSD, Wilson disease






	Chorioretinitis

	Congenital infections






	Corneal opacity

	Cockayne syndrome, Lowe syndrome, LSD, xeroderma pigmentosa, Zellweger syndrome






	Glaucoma

	Lowe syndrome, mucopolysaccharidoses, Sturge-Weber syndrome, Zellweger syndrome






	Lens dislocation

	Homocystinuria, sulfite oxidase deficiency






	Macular cherry-red spot

	LSD, multiple sulfatase deficiency






	Nystagmus

	Aminoacidopathies, AT, CDG, Chédiak-Higashi syndrome, Friedreich ataxia, Leigh syndrome, Marinesco-Sjögren syndrome, metachromatic leukodystrophy, neuroaxonal dystrophy, Pelizaeus-Merzbacher disease, SCD






	Ophthalmoplegia

	AT, Bassen-Kornzweig syndrome, LSDs, mitochondrial diseases   






	Optic atrophy

	Alpers disease, Leber optic atrophy, leukodystrophies, LSDs, neuroaxonal dystrophy, SCD  






	Photophobia

	Cockayne syndrome, Hartnup disease, homocystinuria






	Retinitis pigmentosa or macular degeneration

	AT, Bassen-Kornzweig syndrome, Cockayne syndrome, CDG, Hallervorden-Spatz syndrome, Laurence-Moon-Biedl syndrome, LSD, mitochondrial diseases, Refsum disease, Sjögren-Larsson syndrome, SCD







AT, Ataxia-telangiectasia; CDG, congenital disorders of glycosylation; LSD, lysosomal storage diseases; SCD, spinocerebellar degeneration.


From Sherr, E.H., Shevell, M.I., 2006. Mental retardation and global developmental delay, in: Swaiman, K.F., Ashwal, S., Ferriero, D.I. (Eds.), Pediatric Neurology, Principles and Practice, fifth ed. Mosby, Philadelphia.


Table 7.5 Other Findings Associated with Selected Syndromic Developmental Disorders






	Finding

	Examples






	Cerebellar dysfunction

	Aminoacidopathies, AT, Bassen-Kornzweig syndrome, CDG, cerebrotendinous xanthomatosis, Chédiak-Higashi syndrome, Cockayne syndrome, Friedreich ataxia, Lafora disease, LSD, Marinesco-Sjögren syndrome, mitochondrial disease, neuroaxonal dystrophy, Pelizaeus-Merzbacher disease, Ramsay Hunt syndrome, SCD, Wilson disease






	Hair abnormalities:

	 






	Synophrys

	Cornelia de Lange syndrome






	Fine hair

	Homocystinuria, hypothyroidism






	Kinky hair

	Argininosuccinic aciduria, Menkes disease






	Hirsutism

	LSD






	Balding

	Leigh syndrome, progeria






	Gray hair

	AT, Chédiak-Higashi syndrome, Cockayne syndrome, progeria






	Hearing abnormalities:

	 






	Hyperacusis

	LSD, SSPE, sulfite oxidase deficiency






	Conductive loss

	Mucopolysaccharidoses






	Sensorineural loss

	Adrenoleukodystrophy, CHARGE, Cockayne syndrome, mitochondrial diseases, SCD, Refsum disease






	Infantile hypotonia

	Canavan disease, myopathies, LSD, Leigh syndrome, Menkes disease, neuroaxonal dystrophy, spinal muscular atrophy, Zellweger disease






	Limb abnormalities:

	 






	Micromelia

	Cornelia de Lange syndrome






	Broad thumbs

	Rubinstein-Taybi syndrome






	Macrocephaly

	Alexander disease, Canavan histiocytosis X, LSD






	Microcephaly

	Alpers disease, CDG, Cockayne syndrome, incontinentia, pigmenti, neuronal ceroid lipofuscinoses, Crabbe disease, neuroaxonal dystrophy, Rett syndrome






	Movement disorders

	AT, LSD, dystonia musculorum deformans, Hallervorden-Spatz, juvenile Huntington disease, juvenile Parkinson disease, Lesch-Nyhan disease, phenylketonuria, Wilson disease, xeroderma pigmentosa






	Odors:

	 






	Cat urine

	β-Methyl-crotonyl-CoA carboxylase deficiency  






	Maple

	Maple syrup urine disease






	Musty

	Phenylketonuria






	Rancid butter

	Methionine malabsorption syndrome






	Sweaty feet

	Isovaleric acidemia






	Organomegaly

	Aminoacidopathies, CDG, galactosemia, glycogen storage diseases, LSD, Zellweger syndrome






	Peripheral neuropathy

	AT, Bassen-Kornzweig syndrome, cerebrotendinous xanthomatosis, Cockayne syndrome, LSD, Refsum disease






	Short stature

	Cockayne syndrome, Cornelia de Lange syndrome, hypothyroidism, leprechaunism, LSD, Prader-Willi syndrome, Rubinstein-Taybi syndrome, Seckel bird-headed dwarfism






	Seizures

	Aminoacidopathies, CDG, glycogen synthetase deficiency, HIE, LSD, Menkes disease, mitochondrial diseases, neuroaxonal dystrophy






	Skin abnormalities:

	 






	Hyperpigmentation
 Hypopigmentation

	Adrenoleukodystrophy, AT, Farber disease, neurofibromatosis, Niemann-Pick disease, tuberous sclerosis complex, xeroderma pigmentosa






	Nodules

	Chédiak-Higashi syndrome, incontinentia pigmenti, Menkes disease, tuberous sclerosis complex






	Thick skin

	Cerebrotendinous xanthomatosis, Farber disease, neurofibromatosis, LSD, Refsum disease,






	Thin skin

	Sjögren-Larsson syndrome, AT, Cockayne syndrome, progeria, xeroderma pigmentosa







AT, Ataxia-telangiectasia; CDG, congenital disorders of glycosylation; CHARGE, coloboma, heart disease, choanal atresia, retardation, genital anomalies, ear anomalies; HIE, hypoxic-ischemic encephalopathy; LSD, lysosomal storage diseases; SCD, spinocerebellar degeneration; SSPE, subacute sclerosing panencephalitis.


From Sherr, E.H., Shevell, M.I., 2006. Mental retardation and global developmental delay, in: Swaiman, K.F., Ashwal, S., Ferriero, D.I. (Eds.), Pediatric Neurology, Principles and Practice, fifth ed. Mosby, Philadelphia.









Diagnostic Testing


Diagnostic testing in an individual with global developmental delay should be offered to the family, because the testing may provide an etiology for the developmental delays, could alert the physician and family to comorbid conditions the child is at risk for developing, can help provide recurrence information to the family, and may rarely lead to specific medical treatments or therapeutic interventions.






Genetic Testing


Based on the developmental history obtained, a diagnosis of global developmental delay can be made. In addition, the clinician should attempt to identify an underlying etiology for the delay. Occasionally, the history and examination suggest a specific recognizable genetic condition or other cause. In these situations, confirmatory testing should be performed if possible. For example, a girl with a history of global developmental delay who has acquired microcephaly, epilepsy, and midline hand wringing should be tested for Rett syndrome.


Frequently, however, the underlying cause is unknown despite the acquisition of a comprehensive history and physical examination. In these situations, a chromosomal microarray analysis (CMA) should be offered to the family, since it has the highest diagnostic yield of any single assay for children with global developmental delay: approximately 8% to 12%. A clinical CMA tests for submicroscopic deletions or duplications that can be associated with a variety of neurodevelopmental delays, including global developmental delay. This is also the first-line test for individuals with nonspecific intellectual disability, an autism spectrum disorder, and multiple congenital anomalies (Miller et al., 2010). Though this test has a relatively high diagnostic yield, it will typically not detect inversions and other balanced rearrangements. Consequently, if the microarray is within normal limits, a follow-up high-resolution karyotype should be considered.


The CMA is also unable to detect trinucleotide repeat expansions, point mutations, and imprinting abnormalities. Therefore, every child with nonspecific global developmental delay regardless of gender should also have fragile-X testing performed. Based on the phenotype, the clinician should also consider performing methylation testing for Angelman and Prader-Willi syndrome, since the microarray analysis will miss the uniparental disomy or imprinting center abnormalities associated with these syndromes. Based on the patient’s constellation of clinical features, molecular testing for UBE3A (Angelman syndrome), MeCP2 (Rett syndrome), and other genetic disorders may be considered if the microarray analysis is within normal limits.


In children with global developmental delay, it is important to confirm that the universal newborn screening test was normal at birth. Nonetheless, the diagnostic yield of biochemical testing in a child with nonspecific global developmental delay is quite low (<1%) (Moeschler and Shevell, 2006). The yield may be slightly higher if there is a history of: (1) metabolic decompensation, hyperammonemia, hypoglycemia, protein aversion, acidosis or other evidence of an inborn metabolic disease; (2) neonatal seizures, stroke, movement disorder, or other neurological diagnosis; (3) a family history of unexplained death or neurological disease in a first-degree relative; (4) parental consanguinity; or (5) prenatal history of acute fatty liver of pregnancy (AFLP) or toxemia with hemolysis, elevated liver enzymes, and low platelets (HELLP). Physical examination findings that should increase the suspicion of a metabolic disease include microcephaly, macrocephaly, growth failure, unusual odor, coarse facial features, unusual birthmarks, abnormal hair, hypotonia, dystonia, and focal weakness.


Biochemical tests from the blood to consider in the evaluation of a child with global developmental delay include complete blood count, comprehensive metabolic panel, serum lactate (and possibly serum pyruvate if the result is reliable at the clinician’s institution), plasma amino acids, serum creatinine kinase level, uric acid level, and creatine metabolites (in girls). Urine studies to consider include organic acid analysis, purine and pyrimidine metabolites, and creatine metabolites (in boys). Selective metabolic testing may be warranted in specific clinical cases, such as serum 7-dehydrocholesterol level for Smith-Lemli-Opitz syndrome, screening for congenital disorders of glycosylation, biotinidase activity in the blood, cerebrospinal fluid (CSF) neurotransmitter metabolites for neurotransmitter deficiencies, and white blood cell enzyme analysis and urine glycosaminoglycans and oligosaccharides for lysosomal storage diseases.









Neuroimaging


Magnetic resonance imaging (MRI) of the brain has a yield of 65% in children with developmental delay (Shevell et al., 2003). The abnormalities most frequently identified include cerebral malformations, cerebral atrophy, delayed myelination, other white matter changes, postischemic changes, widened Virchow-Robin spaces, and phakomatoses. However, many of these changes are nonspecific and do not lead to the diagnosis of a specific etiology for the developmental delay. The yield of a brain MRI is higher if the child has neurological abnormalities on physical examination such as microcephaly, macrocephaly, focal neurological deficits, epilepsy, strokes, or a movement disorder. Given the nonnegligible risk of sedation in a child with global developmental delay, neuroimaging with an MRI should be recommended as a first-line study in children with focal neurological findings and may be offered as a second-line study if genetic testing is nondiagnostic.


Because the diagnostic yield of head computed tomography (CT) is much lower than brain MRI, head CT is primarily indicated in children with global developmental delay who are suspected of having calcifications.









Other Tests


Electroencephalography (EEG) should be performed in children with global developmental delay who are suspected of having seizures. An EEG should also be obtained in children with regression, even in the absence of spells, to rule out treatable causes of regression including Landau-Kleffner syndrome, severe absence epilepsy, and electrical status epilepticus during slow-wave sleep. If the child has no history of spells or regression, an EEG is not indicated for routine evaluation of all children with global developmental delay.


Additional diagnostic tests are not typically warranted in children with nonspecific global developmental delay. However, depending on the presentation, the clinician may consider more invasive tests such as CSF analysis, electromyography (EMG) and nerve conduction studies, muscle and/or nerve biopsies, and cell culture for enzyme analysis or other biochemical testing. However, these studies are rarely indicated until the mentioned routine studies have been completed.















Management


Medical management of global developmental delay begins with a disclosure to the family of the clinician’s concern for the diagnosis. As with any situation in which the physician discloses difficult news, this must be done gently but clearly. The clinician should be prepared to respond to a full range of emotions including doubt, denial, sorrow, and anger. Furthermore, the family will usually need time to process the information that their child has or is at risk for having lifelong developmental problems. Therefore, a follow up appointment should be scheduled to review the diagnosis and address additional questions or concerns the family may have.


In addition, any comorbid conditions should be treated, or the clinician should refer the patient to the appropriate subspecialist who can provide treatment for the comorbid condition. The clinician can also help facilitate social, community, or educational supports for the family. These may include family support groups, national parent organizations, and other resources in the community for families of children with developmental disabilities.


One of the most important aspects of the management of a child with global developmental delay is ensuring that the child receives early and appropriate therapeutic and educational interventions. Children younger than 3 years of age with developmental delays can be enrolled in early intervention programs. Each state’s program includes a multidisciplinary team of therapists who complete a comprehensive assessment and provide appropriate interventions. Their assessment is summarized in a report called the Individualized Family Service Plan; this plan serves as the basis for provision of therapeutic services.


Children who are older than 3 years of age receive services through the special education program within the local school district. These services are usually provided by a multidisciplinary team of therapists as well as a psychologist. They also complete an assessment and summarize their findings in a report called the Individualized Education Plan (IEP). The IEP serves as the basis for the services that will be provided to the child within the school system. Federal law mandates that children receive the special services they need in the least restrictive environment possible. Therefore, many children with developmental disabilities are now educated in the regular (“mainstream”) classroom with an aide instead of being placed in a separate classroom. However, some children with more significant intellectual or behavioral problems may require placement in a special education classroom for part or all of the day.









Prognosis


Once a child is diagnosed with global developmental delay, the family will inquire about the child’s ultimate developmental outcome, including cognitive and motor abilities, future level of independence, and life expectancy. In young children with mild developmental delay, it is not prudent to predict a developmental outcome with certainty. Instead, the potential range of outcomes should be discussed. Depending on the severity of the delays and associated medical problems, this range may include typical development once the child is school-aged. In an otherwise healthy individual with developmental delay, the life expectancy is normal. Children with significantly impaired mobility or other neurological impairments may have a shortened life expectancy.


Though some toddlers and young children with developmental delay may “catch up” and ultimately have typical development, global developmental delay is associated with an increased risk for having a developmental disability—a lifelong and chronic condition due to impairments in mental and/or physical impairments that impacts major life activities such as language function, learning, mobility, self-help, and independent living. Several types of developmental disabilities exist, including cerebral palsy, learning disabilities like dyslexia, intellectual disability, autism spectrum disorders, attention deficit-hyperactivity disorder, hearing impairment, and vision impairment.


These developmental disabilities are predominantly impairments in a specific subset of the developmental domains. For example, cerebral palsy is primarily an impairment of gross and fine motor skills; intellectual disability is primarily an impairment of language, problem-solving, and social-adaptive abilities; and autism spectrum disorders are primarily disorders of social-adaptive behaviors with or without language and communication impairments.


Developmental disabilities are common. Approximately 16% to 18% of children have a developmental disability that includes behavior problems, and 1% to 3% of the population has an intellectual disability. Approximately 1 in 150 children have an autism spectrum disorder.


Toddlers or preschool children who are diagnosed with global developmental delay are at highest risk for being diagnosed with intellectual disability at an older age, especially as the developmental quotient worsens. Intellectual disability is defined as significantly subaverage general intellectual functioning (IQ less than 70) with limitations in adaptive functioning in at least two of the following skill areas: communication, self-help, social skills, academic skills, work, leisure, and health and/or safety. The incidence of intellectual disability is 1% to 3% in the general population. Males are more likely to be affected than females; occurrence rates are 1 : 4000 males and only 1 : 6000 females.


In general, the diagnosis of intellectual disability is not made in a toddler or preschool child unless they have been diagnosed with a specific genetic condition associated with intellectual disability. In the absence of a specific genetic diagnosis, the diagnosis of intellectual disability in most children is made once they are able to complete formal psychology testing at approximately 5 years of age.


In our practice, when the developmental delays of a child younger than 4 are very severe, we will occasionally tell the family that the child will likely have intellectual disability. In these situations, we may share this concern even if the child does not have a formal diagnosis of a genetic syndrome or before the child is old enough to complete formal psychology testing. Children with severe developmental delays may in fact be too impaired to perform formal psychology testing.









Recurrence Risk


Many couples are interested in knowing what their risk is for having another child with similar developmental concerns. A recurrence risk can only be provided with certainty if a specific etiology has been confirmed. Despite extensive genetic testing and other evaluations, the majority of children with developmental delays will not be diagnosed with a specific named genetic condition or other etiology for the delays. Consequently, the clinician can only provide an empirical recurrence risk based on population data and family history information. Though each case is unique, the most prudent approach is to remind the family that 1% to 3% of the population has intellectual disability, and their risk for having another child with global developmental delay and subsequent intellectual disability is greater than the population risk. It is helpful to double frame the risk by also stating that it is more likely that they would have an unaffected child than an affected child.









Regression


A regressive or neurodegenerative disease should be suspected when a child has ongoing and relentless loss of developmental skills. In addition, a regressive disease may begin to manifest itself as the development of a new neurological problem, such as a new-onset seizure disorder or movement disorder, development of a different type of seizure in a child with epilepsy, vision impairment, behavior problems, and dementia or cognitive decline.


In a child with neurological regression, a thorough neurological history and examination is warranted. The history should focus on any modifiable factors that could contribute to neurological decline, including worsening of another medical problem, recent modification to an existing medication regimen or initiation of a new medication, recovery from a prolonged acute illness or surgery, or a psychosocial stressor. All children with neurological decline should receive an extensive physical examination, with attention to those aspects of the examination that could provide clues to an underlying neurodegenerative disease (see Table 7.5). A pediatric ophthalmologist should also examine the patient for ocular stigmata of a neurodegenerative disease (see Table 7.4). A brain MRI should be performed to assess for changes that can be seen in many regressive diseases—atrophy, ventriculomegaly, white matter changes, and infarcts. Additional studies should be considered based on the patient’s clinical presentation: comprehensive metabolic panel, lipid panel, creatine kinase, EEG, EMG and nerve conduction studies, echocardiogram, and hearing test.


The need for genetic testing is based on the patient’s presentation and results of the recommended studies. Categories of genetic diseases that should be considered include aminoacidopathies, organic acidurias, fatty acid oxidation defects, glycogen storage diseases, mitochondrial cytopathies, lysosomal storage diseases, neuronal ceroid lipofuscinoses, peroxisomal disorders, neurotransmitter synthesis disorders, spinal muscular atrophy syndromes, creatine synthesis disorders, congenital disorders of glycosylation, metal metabolism disorders (Menkes, Wilson, pantothenate kinase-associated neurodegeneration), and purine and pyrimidines disorders. Testing for most conditions can now be done on blood, urine, and/or CSF samples. Rarely, more invasive procedures may be warranted, including biopsies of the skin, muscle, liver, nerve, bone marrow, or conjunctiva.


Many reasons exist to aggressively pursue a diagnosis of an underlying neurodegenerative disease. Most regressive disorders are irreversible, and the treatment is symptomatic. However, early diagnosis can reverse the neurological impairment or prevent future morbidity is some conditions such as Wilson disease, homocystinuria, and glutaric aciduria type I. Occasionally, pharmaceutical trials may be available to patients. Furthermore, a correct diagnosis can help the clinician provide better information about prognosis and life expectancy. Recurrence risk information and prenatal diagnosis may also be offered to families. For those conditions that are progressive and life limiting, the clinician should collaborate with a pediatric palliative care team to discuss end-of-life goals of care with the family.
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Behavioral and personality disturbances commonly occur in individuals with neurological disease or injury (Table 8.1). Identification and treatment of behavioral disturbances are critical because they are frequently associated with reduced functional capacity, decreased quality of life, and greater economic cost, caregiver burden, and morbidity. Dysfunction of various brain circuits, most notably the frontosubcortical and amygdaloid circuits, as well as psychological factors may contribute to increased rates of disturbances.




Table 8.1 Prevalence of Behavioral and Psychiatric Disturbances in Neurological Disorders


[image: image]




Historically, clear divisions between the fields of psychiatry and neurology have existed. Psychiatry focused on disruptions of behavior and personality resulting from “nonorganic” or psychological causes, whereas neurology focused on disease and injury with “organic” causes. The division between psychiatry and neurology has become blurred over the past few decades, however, because research shows neuroanatomic and biochemical correlates of behavior and personality disturbances. As a response, increased collaboration and partnership between these two fields has emerged. An example of this collaboration is the creation of the American Neuropsychiatric Association (ANPA), established in 1988.


The aim of this chapter is threefold. First, theoretical information linking brain circuitry to behavioral and personality disturbances is described. Second, methods of assessment of behavior and personality in cerebral dysfunction are detailed. Finally, information regarding the prevalence, phenomenology, and treatment of behavior and personality disturbances in dementia, movement disorders, epilepsy, stroke, and traumatic brain injury (TBI) is presented.






Frontosubcortical Circuitry


The frontosubcortical circuits provide a unifying framework for understanding the behavioral changes that accompany cortical and subcortical brain dysfunction. In the past 3 decades, a number of significant advances have been made in our understanding of the neuroanatomy, neurophysiology, and chemoarchitecture of the frontosubcortical circuits. An increasingly broad spectrum of neuropsychiatric phenomenology is now being interpreted in the context of dysfunction in this region. A brief overview of the frontosubcortical circuits and their signature behavioral syndromes is offered as a strategy to better understand the behavior and personality changes that accompany neurological conditions. Alexander and colleagues described five discrete parallel circuits linking regions of the frontal cortex to the striatum, the globus pallidus and substantia nigra, and the thalamus. These circuits consist of “direct” and “indirect” pathways. In general, the direct pathway facilitates the flow of information, and the indirect pathway inhibits it. The overall model for the frontosubcortical circuits can be observed in Fig. 8.1.





[image: image]

Fig. 8.1 Frontosubcortical circuit general model. Note: The solid line represents inhibitory neurons and dotted lines represent excitatory neurons. GPe, External segment of the globus pallidus; GPi, internal segment of the globus pallidus; SNc, substantia nigra pars compacta; SNr, substantia nigra pars reticulata; STN, subthalamic nucleus.




Five frontosubcortical circuits were initially described as motor, oculomotor, dorsolateral prefrontal, lateral orbitofrontal, and anterior cingulate gyrus. Table 8.2 gives descriptions of specific neuroanatomic pathways for these circuits. Efforts to link functional domains to this brain circuitry have been developed and revised over the past few decades. Disruption of dorsolateral prefrontal, lateral orbitofrontal, and anterior cingulate gyrus circuits is associated with behavioral and personality disruptions. Specific behavioral syndromes have been attributed to dysfunction in these circuits (Box 8.1) (Mega and Cummings, 2001). Disruptions at any point in the circuit (e.g., the frontal cortex, corpus striatum, globus pallidus) may result in alterations of behavior.




Table 8.2 Frontal-Subcortical Circuitry
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Box 8.1 Behavioral Syndromes Associated with Dysfunction of the Motor Circuits






Symptoms Associated with Disruption of the Dorsolateral Circuit







Poor organizational strategies


Poor memory search strategies


Stimulus-bound behavior


Environmental dependency


Impaired set-shifting and maintenance












Symptoms Associated with Disruption of the Orbitofrontal Circuit







Emotional incontinence


Tactlessness


Irritability


Undue familiarity


Antisocial behavior


Environmental dependency


Mood disorders (depression, lability, mania)


Obsessive-compulsive disorder












Symptoms Associated with Disruption of the Anterior Cingulate Circuit







Impaired motivation


Akinetic mutism


Apathy


Poverty of speech


Psychic emptiness


Poor response inhibition











Disruption of the dorsolateral circuit (Fig. 8.2) is associated with executive dysfunction, including poor planning and organization skills, memory retrieval deficits, and poor set shifting. Table 8.3 lists neurological disorders associated with disruption of this circuit. The orbitofrontal circuit (see Fig. 8.2) is associated with increased irritability, impulsivity, mood lability, tactlessness, and socially inappropriate behavior, whereas disruptions of the latter part of the orbitofrontal circuit may also result in mood disorder or obsessive-compulsive disorder (OCD) or both. See Table 8.3 for disorders associated with disruption of this circuit. Finally, the anterior cingulate gyrus circuit is associated with decreased motivation, apathy, decreased speech, and akinesia. See Table 8.3 for disorders associated with disruption of this circuit. Although these models may be heuristic in developing function-structure hypotheses, it is unlikely that any current model is sufficient to explain the complex interface between behavior and brain circuitry.
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Fig. 8.2 Frontostriatal projections. AC, Anterior cingulate gyrus; CD, caudate nucleus; DLPFC, dorsal lateral prefrontal cortex; NAC, nucleus accumbens; OFC, orbital frontal cortex; PC, posterior cingulate gyrus; PHG, parahippocampal gyrus; PUT, putamen; SMA, supplementary motor area.


(Reprinted with permission from Brody, A.L., Saxena, S., 1996. Brain imaging in obsessive-compulsive disorder: evidence for the involvement of frontal-subcortical circuitry in the mediation of symptomatology. CNS. Spectr. 1, 27–41. Copyright 1996 by MBL Communications. Reproduced with permission.)







Table 8.3 Disorders Associated with Disruptions of Frontal-Subcortical Circuitry
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Additionally, the role of the amygdala in behavior and personality disturbances is an area of increased interest and research. The amygdala exhibits a number of interconnections with the previously described frontosubcortical circuitry via the frontal cortex, thalamus, and ventromedial striatum (for a review, see Price and Drevets, 2010). Classic studies linking the amygdala and behavior include Kluver and Bucy’s early work with monkeys with bitemporal lesions. Following selective lesions to the amygdala, monkeys exhibited less caution and fear when exposed to unfamiliar stimuli. Human case studies of individuals with amygdala lesions have also been described and have revealed similar findings. One individual with bilateral amygdala damage exhibited difficulty in recognition of fear and exhibited increased social interactions with features of disinhibition (Adolphs, 2010). Researchers have long implemented the amygdala in anxiety and fear. For example, changes in amygdala volume and functioning have been observed in posttraumatic stress disorder (PTSD) (Shin, Rauch, and Pitman, 2006). More recently, research has implemented the amygdala in a wider range of emotional and behavioral responses and syndromes. Although findings have been somewhat mixed, the amygdala has been implicated in mood disorders including depression and bipolar disorder (Hamidi, Drevets, and Price, 2004).


The current chapter focuses on behavioral and psychiatric changes in neurological disease and injury. Please see Chapter 34 for detailed information on assessment and description of common cognitive changes observed in neurological disease and injury.









Assessing Behavior and Personality Disturbances in Patients with Cerebral Dysfunction


Research on the incidence of behavioral and personality disturbances in patients with neurological disease and injury is encumbered by limitations within and across studies. Some limitations of the available research are that (1) treatment of symptoms such as a movement disorder may mask psychiatric and behavioral symptoms, and (2) most available neuropsychiatric assessment tools use conventional psychiatric terminology based on idiopathic psychiatric illness, which fails to distinctly reflect the symptoms associated with cerebral dysfunction secondary to acquired disease and/or trauma.


Several factors present challenges in the identification and diagnosis of behavior and personality disturbances in neurological samples. First, there is significant overlap between other symptoms of cerebral dysfunction and symptoms of behavior and personality disturbances. For example, psychomotor retardation or reduced energy, libido, or appetite might reflect the underlying illness or injury (i.e., TBI, Parkinson disease [PD]) or they may reflect a depressive disorder. Second, cognitive symptoms may confound the detection of behavioral changes. For example, language and cognitive deficits occurring in individuals with cerebral dysfunction can affect the ability to fully assess for changes in mood or insight. In these situations, observed behavior and collateral report must be heavily considered when assessing for behavioral or personality disturbances. Third, the validity of the behavioral dysfunction assessed can vary depending upon the source. Ample research shows that clinical ratings acquired from the patient, a collateral or spouse, and a healthcare worker can vary widely (see, for example, Hoth et al., 2007). Patients with cerebral dysfunction may have impaired insight; thus, they may underreport behavioral difficulties. Similarly, caregivers may also provide biased information, as their current mood or degree of caregiver burden may influence their reporting of behavioral symptoms.






Assessment of Depression


Symptoms of neurological illness or injury may manifest as depression. In fact, depression is frequently a very early symptom or precedes onset of illness in Huntington disease (HD) (Berrios et al., 2001), PD (Ishihara and Brayne, 2006), and Alzheimer disease (AD) (Green et al., 2003). There are several scales available for the assessment of mood disorders that might be useful in patients with acquired cerebral dysfunction. Although clinicians may not have enough time to thoroughly assess altered mood, self-report scales can be helpful in determining which symptoms are present and how bothersome or severe each symptom is. Table 8.4 offers additional information regarding these scales. Individuals scoring highly on these self-report measures may benefit from referral for additional evaluation and possible intervention by mental health professionals.




Table 8.4 Common Measures of Depression Symptom Severity


[image: image]




Domains assessed by the different measures vary such that certain scales may not detect some symptoms of depression. Two of the most commonly used measures are the Beck Depression Inventory (BDI) and the Hamilton Depression Rating Scale (HDRS). Research suggests that the BDI may be a useful screening tool in PD and Tourette syndrome, and the HDRS may be an appropriate screening tool in PD. However, these measures assess several symptoms such as psychomotor retardation and reduced energy that are common in neurological illness and injury. Thus, care must be taken to be certain that these measures do not suggest the person is depressed based on symptoms of neurological syndrome or injury. The Geriatric Depression Scale (GDS) was developed to be used in elderly populations and may be a useful screening tool for patients with early dementia and PD. The Patient Health Questionnaire (PHQ-9) is a self-report measure designed to be used in primary care settings and may be appropriate in neurological settings. See Chapter 9 for more detailed information on depression in neurological settings.









Assessment of Other Behavioral and Personality Disturbances


In addition to depression, other behavioral and personality disturbances occur in patients with cerebral dysfunction, and several measures have been created to assess them (Table 8.5). These measures were specifically designed to assess behavioral symptoms in AD: Alzheimer’s Disease Assessment Scale (ADAS); Behavioral Pathology in Alzheimer’s Disease Rating Scale (BEHAVE-AD); CERAD Behavior Rating Scale for Dementia (C-BRSD); general dementia: Neuropsychiatric Inventory (NPI); frontal lobe dementia: Frontal Behavior Inventory (FBI); TBI: Neurobehavioral Rating Scale-Revised (NRS-R); and damage to frontal regions: Frontal Systems Behavior Scale (FrSBe). Some measures such as the NPI and the FrSBe have been implemented in diverse conditions including AD, PD, HD, and multiple sclerosis (MS). In addition, the NPI, which is available in an interview and a questionnaire format, has been frequently used as an outcome measure in clinical trials. These measures might be useful ways to screen for a wide variety of potential behavioral disruptions among patients with neurological illness or injury.




Table 8.5 Common Measures to Assess Behavior and Personality in Patients with Cerebral Dysfunction
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Behavior and Personality Disturbances Associated with Cerebral Dysfunction






Alzheimer Disease


Based on 2000 census data, it is estimated that AD affects 5.1 million individuals in the United States (Hebert et al., 2003). Patients with AD experience a wide range of behavioral disturbances, including affective symptoms, agitation, aggression, and psychosis. Behavioral disturbances in AD are associated with increased caregiver burden, patient and caregiver abuse, greater use of psychotropic medications, more rapid cognitive decline, and earlier institutionalization. The relationship between behavioral changes in AD and neuropathological markers is equivocal. Some researchers report a correlation between behavioral changes in AD and increased white matter hyperintensities (WMH) (Berlow et al., 2009), while others have not observed this relationship (Staekenborg et al., 2008). Many studies do not document a correlation between the presence or absence of behavioral symptoms and whole brain or hippocampal volume (Berlow et al., 2009; Staekenborg et al., 2008). In contrast to frontotemporal dementia (FTD), social comportment is relatively spared in AD.


Use of atypical antipsychotic medications have historically been the preferred method of treatment for behavioral disturbances in AD including irritability, aggression, and psychosis. However, use of atypical antipsychotic medications in elderly adults may be associated with a nearly twofold increase in risk for mortality (Kuehn, 2005). Additionally, a multisite study of atypical antipsychotics (olanzapine, quetiapine, and risperidone) showed no significant difference in Clinical Global Impression Scale scores for any antipsychotic medication over a placebo group (Schneider et al., 2006). Moreover, significantly more participants found the side effects of the atypical antipsychotic medications to be intolerable compared to the placebo group (Schneider et al., 2006). In a retrospective observational study, behavioral symptoms were reduced in one-fifth to one-fourth of patients following treatment with antipsychotics, while a full half of participants exhibited worsening of symptoms (Kleijer et al., 2009). However, other retrospective observational studies have reported improvements in 33% to 43% of individuals with AD and behavioral disturbances treated with atypical antipsychotics (Rocca et al., 2007). The U.S. Food and Drug Administration (FDA) has issued a black-box warning on the use of antipsychotics in elderly persons with dementia. Antipsychotics may be beneficial in a small subgroup of individuals, but care must be taken in prescribing such medications, owing to the potential side effects in the context of questionable effectiveness. A review of the clinical trial literature for cholinesterase inhibitors and memantine suggests that individuals treated with these pharmaceuticals typically do experience a reduction in behavioral symptoms, including improved mood and abatement of apathy (Cummings, Mackell, and Kaufer, 2008).


Although the neurodegenerative process itself can be the cause of behavioral disturbances in AD, other causes must be explored: premorbid psychiatric diagnoses, medication side effects, or medical comorbidities to name a few. In many situations, behavioral disturbances may reflect an individual with impaired cognitive and language abilities attempting to communicate information to their providers (Sutor, Nykamp, and Smith, 2006). Given the nature of these behavioral disturbances and the limited availability of pharmacological interventions, behavioral interventions and environmental modifications may be among the most helpful strategies in managing undesired behaviors. Detailed discussion of such behavioral interventions is beyond the scope of this chapter, but for more detailed information, readers may wish to review Sutor and colleagues (2006).


Clinicians may wish to refer patients to geriatric psychiatry and/or neuropsychology providers for identification and implementation of behavioral and environmental interventions. Common environmental interventions include use of familiar and personal belongings readily viewable in the environment to reduce confusion and agitation. Similarly, minimizing background distracters and establishing a standard predictable routine may also be helpful in reducing confusion and agitation. It is not uncommon for undesired behaviors (e.g., aggression) to receive significant attention while preferred behaviors (e.g., working on quiet activity) receive no reinforcement. To successfully reduce undesired activities, individuals need to increase desired activities through reinforcing preferred behavior, offering desired activities, and reducing reinforcement of undesired behavior. Finally, redirection is frequently attempted in individuals with cognitive impairment who are engaging in undesired activities. Redirection is likely to be most successful if done in a multistep process involving validation of emotion, joining of behavior, distraction, and only then followed by redirection (Sutor, Nykamp, and Smith, 2006). Table 8.6 lists more detailed information.


Table 8.6 Multistep Approach for Redirecting Patients with Dementia






	Step

	Description and Example






	Validate

	Validation of the individual’s emotional state to establish rapport
Example: “You look worried.”






	Join

	Join the patient’s behavior.
Example: “You’re looking for your children? Well, I’m trying to find something too. Let’s look together.”






	Distract

	Distraction is easier after establishing a common goal. This works best when individuals have significant cognitive impairment.
Example: “Let’s look over there where they are having coffee.”






	Redirect

	At this stage, redirection may be possible.
Example: “That coffee smells good; do you want a cup?”







Reprinted with permission from Sutor, B., Nykamp, L.J., Smith, G.E., 2006. Get creative to manage dementia-related behaviors. Curr Psychiatry 5, 81-96.






Depression


The true prevalence of depression in AD is controversial, with estimates up to 86%. One reason for the mixed findings lies in the different methods employed to assess depression in AD, such as family interviews and patient self-report. Some symptoms of depression are confounded with components of AD (e.g., concentration, energy, interest). The probability of depression in AD appears to be greater if there is a history of depression either in the patient or in the family. Table 8.7 suggests differences between the signs of depression and possibly confounding signs of dementia. Interestingly, there does not appear to be a clear relationship between depressive symptoms and severity of AD (Verkaik et al., 2007). Depression is associated with greater social and functional impairments in patients with AD (Starkstein et al., 2005), although others have not observed a correlation between depression and functional impairment (Landes, Sperry, and Strauss, 2005).


Table 8.7 Clinical Aspects Differentiating Dementia from Depression






	Major Depression

	Dementia






	Acute, nonprogressive

	Insidious and progressive






	Affective before cognitive

	Cognitive before affective






	Attention impaired

	Memory impaired






	Orientation intact

	Orientation impaired






	Complains of memory

	Minimizes/normalizes memory






	Gives up on testing

	Obvious effort on testing






	Language intact

	Aphasic errors






	Better at night

	Sundowning






	Self-referred

	Referred by others







Selective serotonin reuptake inhibitors (SSRIs) are the preferred mode of treatment for depression in AD. Although clinical trials are relatively few, sertraline and citalopram have been shown to be effective (Lyketsos et al., 2000).









Apathy


Apathy, defined as diminished motivation not attributable to decreased level of consciousness, cognitive impairment, or emotional distress, is among the most common behavioral changes noted in AD. Assessment of apathy in AD may be difficult because it may be unclear whether decreased activity is due to apathy or inability to perform activities. Consistent with expectations based on frontal-subcortical circuitry, apathy in AD has been shown to be associated with bilateral reductions in gray matter volume in the anterior cingulate cortex, orbitofrontal cortex, dorsolateral prefrontal cortex, and putamen (Bruen et al., 2008). Apathy in AD is associated with greater functional and cognitive impairment (Landes et al., 2005) as well as lower quality of life (Hurt et al., 2008).









Aggression


Aggressive verbalizations and acts are common in AD. Reported prevalence rates range from 25% to 67%, and studies have indicated that verbal aggression is more common in men and in individuals with delusions or agitation (Eustace et al., 2001) and is associated with increased placement in skilled nursing facilities. Sertraline has been associated with a 38% response rate for the treatment of aggression and irritability in AD (Lanctot et al., 2002).









Psychosis


Prevalence rates of psychotic symptoms in AD range from 10% to 73%, with rates in clinical populations exceeding community-based samples. Interestingly, hallucinations and delusions are significantly less common among individuals with early-onset AD (Toyota et al., 2007). Once present, delusions recur or persist for several years in most patients with AD (Fig. 8.3). The presence of hallucinations is associated with increased placement in skilled nursing centers.





[image: image]

Fig. 8.3 Incidence of psychosis in patients with Alzheimer disease. AD, Alzheimer disease; FTD, frontotemporal dementia; HD, Huntington disease; NPI, Neuropsychiatric Inventory; PD, Parkinson disease; PSP, progressive supranuclear palsy.


(Reprinted with permission from Paulsen, J.S., Salmon, D.P., Thal, L.J., et al., 2000. Incidence of and risk factors for hallucinations and delusions in patients with probable AD. Neurology 54, 1965-1971.)





Previously it was believed that individuals with AD experienced delusions secondary to significant cognitive difficulties. However, more recent research has identified additional correlates and biological markers of psychosis. Evidence from neuropsychological investigations suggests more executive and frontal dysfunction in AD with psychotic symptoms than AD without these symptoms. For example, delusions have been associated with reduced gray matter volume in the inferior right frontal gyrus and the inferior parietal lobule (Bruen et al., 2008). The presence of delusions in AD is associated with poorer performance on the Frontal Assessment Battery (FAB) but was not related to global measures of cognitive impairment (i.e., MMSE) (Nagata et al., 2009). Persons with AD and hallucinations are at significantly increased risk for mortality; however, delusions alone are not associated with increased mortality (Wilson et al., 2005)


The most common psychotic symptoms reported in patients with AD are delusions and hallucinations. The delusions are typically paranoid-type, non-bizarre, and simple. Complex or bizarre delusions seen in patients with schizophrenia are conspicuously absent in patients with AD. Misidentification phenomena, however, are common in AD. Whereas hallucinations in AD are more often visual than auditory, the reverse is true for schizophrenia (Table 8.8).


Table 8.8 Psychotic Symptoms in Alzheimer Disease versus Schizophrenia in Elderly Patients






	 

	Psychosis in Alzheimer Disease

	Schizophrenia in the Elderly






	Incidence

	30%-50%

	<1%






	Bizarre or complex delusions

	Rare

	Common






	Misidentification of caregivers

	Common

	Rare






	Common form of hallucinations

	Visual

	Auditory






	Schneiderian first-rank symptoms

	Rare

	Common






	Active suicidal ideation

	Rare

	Common






	History of psychosis

	Rare

	Very common






	Eventual remission of psychosis

	Common

	Uncommon






	Need for many years of maintenance on antipsychotics

	Uncommon

	Very common






	Average optimal daily dose of an antipsychotic

	15%-25% of that in young
adult with schizophrenia

	40%-60% of that in a young
adult with schizophrenia







Reprinted with permission from Jeste, D.V., Finkel, S.I., 2000. Psychosis of Alzheimer’s disease and related dementias. Am J Geriatr Psychiatry 8, 29-34.












Frontotemporal Dementia


Frontotemporal lobar degeneration (FTLD) is a heterogeneous group of syndromes including semantic dementia (SD), progressive nonfluent aphasia (PNFA), and behavioral variant frontotemporal dementia (bvFTD). Consensus criteria for diagnosis of FTD have been described, with presence of behavioral change an important feature. While changes in personality and behavior are most commonly described in bvFTD, behavioral change has been reported across all FTLD syndromes to varying degrees. Caregiver distress is greater among individuals with FTLD and behavioral changes, particularly apathy and disinhibition, versus those with primarily aphasic difficulties (Massimo et al., 2009).






Behavioral Disruption


Atrophy within the frontal lobes leads to disruption of the frontosubcortical circuits and the characteristic behavioral syndromes in FTLD. Two classic behavioral syndromes have been described among individuals with FTD: an apathetic and a disinhibited subtype. Apathy is a very common symptom in individuals with FTD. Individuals may show little concern for personal hygiene and may appear unkempt. Moreover, symptoms of orbitofrontal syndrome, such as disinhibition, poor impulse control, tactlessness, and poor judgment are common. Loss of empathy, mental inflexibility, and stereotyped behaviors are also common. Symptoms similar to those observed in Klüver-Bucy syndrome, such as hyperorality and hypersexuality, may occur in late stages. Frequently the family members and caregivers are the ones who report these behavioral disturbances, as many patients with FTD experience reduced insight into their current difficulties. Behavioral change to varying degrees has been described in all FTLD syndromes, including SD and PNFA (Kertesz et al., 2010), although they frequently are less severe and/or occur later in the progression of the illness.


No curative treatments exist for FTLD. However, there has been some success with pharmacological intervention for behavioral dyscontrol. Although few large-scale studies have been completed, evidence suggests that behavioral disturbances such as disinhibition, overeating, and compulsions may show some response to treatment with SSRIs (Huey, Putnam, and Grafman, 2006).









Anosognosia


As noted in the consensus criteria, individuals with FTD frequently exhibit anosognosia. This loss of insight may reflect psychological denial of illness, inability to perceive symptoms, or lack of concern for their current difficulties. Among individuals with FTLD, individuals with bvFTD exhibit greater anosognosia than individuals with the aphasic subtypes of FTLD (Zamboni et al., 2010). Patients with FTD frequently describe significantly fewer problems with cognition and behavior than what their caregivers describe. Moreover, this observed discrepancy between patient and caregiver report is greater among individuals with FTD than in individuals with AD, particularly for language, behavior, and functioning difficulties (Salmon et al., 2008). Severity of anosognosia is not typically associated with severity of dementia (Zamboni et al., 2010). The relationship between impaired awareness and specific neuropathology is somewhat unclear. Some studies have shown an association between impaired awareness and right frontal disruptions (Mendez and Shapira, 2005) while others have shown a link between anosognosia and involvement of the right temporoparietal cortex (Zamboni et al., 2010).









Relationship to Primary Pathology


From a pathological perspective, individuals with FTLD vary with regard to the degree to which the frontal versus temporal lobes and right versus left hemispheres are affected. Significant research has looked at the relationship between patterns of behavioral syndromes and underlying neuropathology (see Josephs, 2007 for a review). Individuals with bvFTD typically exhibit greater frontal versus temporal atrophy, which is typically symmetrical. There is emerging evidence to suggest that individuals with bvFTD and primarily apathetic behavioral changes show greater frontal involvement, particularly right dorsolateral prefrontal cortex (Zamboni et al., 2008; Massimo et al., 2009). Individuals with primarily disinhibited behavioral change show greater involvement of the right mediotemporal limbic and temporal lobe (Zamboni et al., 2008), although others have described increased atrophy within the left dorsolateral prefrontal cortex (Massimo et al., 2009). Individuals with SD most typically exhibit atrophy and dysfunction within the left anterior temporal lobe, while individuals with SD and behavioral changes are more likely to also exhibit changes in the ventromedial and superior frontal lobes. Individuals with PNFA are most likely to show changes in left frontal and perisylvian areas.












Vascular Dementia


Dementia secondary to vascular changes is among the most common causes of dementia in older adults. NINDS-AIREN diagnostic criteria for vascular dementia include the presence of dementia and cerebrovascular disease, including evidence of such disease on imaging with a documented relationship between these two criteria. Pathologically, vascular dementia (VaD) frequently involves small-vessel disease involving white matter hyperintensities and/or lacunar strokes, most commonly affecting subcortical regions; therefore, frontosubcortical circuits are frequently disrupted, and behavioral disturbances are common. Apathy, depression, and behavioral changes are common in VaD. The presence of significant cerebrovascular changes are observed among individuals with AD, suggesting that both pathologies may be present among a large subgroup of individuals with dementia.






Depression


The mean reported prevalence of depression in VaD is 32%, although rates vary widely between studies (Ballard and O’Brien, 2002). Sample source likely influences the reported prevalence rates, with community samples endorsing lower rates of depression than clinic samples. Individuals with VaD and depression are less likely to have had a stroke and are more likely to have a prior history of depression and impairments in memory or attention than patients with VaD without depression. The relationship between age and depression in VaD is unclear, with increased rates of depression being reported in both younger and older samples.









Additional Behavioral and Psychiatric Disorders


Apathy in VaD is associated with increased impairment in both basic and instrumental activities of daily living (Zawacki et al., 2002). This relationship is particularly apparent in patients with VaD who have also experienced a stroke. Rates of psychotic symptoms are similar in AD and VaD. Delusions (33%) and visual hallucinations (13% to 25%) are reported in VaD and are associated with impaired cognitive functioning (Ballard and O’Brien, 2002). Care must be taken in the assessment of delusions in VaD and in dementia in general. It is important to differentiate delusions from confabulation or thought processes based on impaired cognitive functioning.












Parkinson Disease


Behavioral changes are common in PD, and while research has adequately characterized these difficulties, little controlled research has assessed the effectiveness of various interventions. Table 8.9 offers more detailed information regarding characteristics of behavioral change observed in PD.




Table 8.9 Neuropsychiatric Features and Treatment in Parkinson Disease


[image: image]








Depression


Depression is the most common psychiatric disturbance in persons with PD. Depending on threshold for diagnosis and sample assessed, reported rates vary depending on the threshold for diagnosis of depression that is used. Depression may predate the onset of motor symptoms in PD (Ishihara and Brayne, 2006). Risk factors for depression in PD include greater cognitive impairment, earlier disease onset, and family history of depression. Depression is not associated with increased motor symptom severity (Holroyd et al., 2005). The correlation between depression and disability is equivocal. Although the precise etiology is unknown, it is believed that depression in PD results from disruptions in dopamine (D2), noradrenaline, and serotonin pathways (Veazey et al., 2005).


Very few well-controlled studies have assessed antidepressant therapy in PD. Available research suggests that SSRIs are well tolerated and likely effective in the treatment of depression in PD (see McDonald et al., 2003 for a review). SSRIs are frequently implemented as a first-line therapy for depression in patients with PD, although SSRIs may worsen motor symptoms. In such cases, tricyclic antidepressants may be an effective alternative. Successful treatment of depressive symptoms with an SSRI may also result in reductions in anxiety and decreased disability.









Psychosis


Hallucinations, typically visual, occur in up to 40% of patients with PD, with 16% reporting delusions (Fenelon et al., 2000). Psychotic symptoms are very uncommon early in the course of PD. Other diagnoses such as dementia with Lewy bodies (DLB) should be considered in patients exhibiting hallucinations early in the course of the disease. Table 8.10 summarizes important distinctions between psychosis in PD and DLB. Psychotic symptoms are more common in PD patients with greater cognitive impairment, longer duration of illness, greater daytime somnolence, and older age and in those who are institutionalized. Psychotic symptoms are strong predictors of nursing home placement and mortality in PD (Fenelon et al., 2000).


Table 8.10 Differentiating Psychosis in Parkinson Disease and Dementia with Lewy Bodies






	Psychosis in Parkinson Disease

	Psychosis in Dementia with Lewy Bodies






	•  Psychosis occurs in many but not all patients.

	•  Psychosis is a core feature for diagnosis.






	•  Visual hallucinations are more common than delusions.

	•  Visual hallucinations and delusions occur at similar frequencies.






	•  Psychosis is generally medication induced.

	•  Psychosis occurs in the absence of antiparkinsonian medications.






	•  Hallucinations are usually fleeting and nocturnal.

	•  Hallucinations are generally persistent/recurrent.






	•  Fluctuating level of consciousness represents onset of delirium.

	•  Fluctuating level of consciousness can be a core feature.






	•  Dementia may or may not accompany psychosis.

	•  Presence of dementia is required for a diagnosis of DLB.






	•  Motor impairment virtually always precedes psychosis.

	•  Motor impairment may occur after psychosis.






	•  Neuroleptics worsen motor function, but “neuroleptic sensitivity” associated with DLB is not a feature of PD.

	•  Neuroleptic sensitivity characterized by dramatic motor and cognitive worsening and associated with increased morbidity and mortality has been reported.






	•  Disordered dopaminergic (and possibly serotonergic) transmission are the most frequently hypothesized underlying mechanisms.

	•  Disordered cholinergic transmission may be the most important underlying mechanism.







DLB, Dementia with Lewy bodies; PD, Parkinson disease.


From Ismail, M.S., Richard, I.H., 2004. A reality test: how well do we understand psychosis in Parkinson’s disease? J Neuropsychiatry Clin Neurosci 16, 8–18. Copyright 2004 by American Psychiatric Press Inc. Reproduced with permission.


Historical accounts of PD rarely described psychotic symptoms, and it has been postulated that psychosis occurred secondary to dopamine agonist use. While dopamine agonists may contribute to the development of psychosis, additional factors are also important. For example, individuals with psychosis are more likely to exhibit cholinergic deficits and have Lewy bodies in the temporal lobe observed at autopsy (Aarsland et al., 2009).


Intervention for remediation of psychotic symptoms in PD can involve several processes. Discontinuation of anticholinergics, selegiline, and amantadine before reducing l-dopa is recommended. Following these discontinuations, reduction and simplification of dopamine agonists may be beneficial. Atypical antipsychotics are added only when a reduction of other medications has not resulted in improvement, as even atypical antipsychotics have been associated with worsening of PD motor symptoms (Goetz et al., 2000).









Apathy


Individuals with PD often experience increased rates of apathy. Estimates of apathy in PD have ranged from 16.5% to 40.0%. Individuals with apathy exhibit greater cognitive impairment (Dujardin et al., 2007). Controlled clinical trials for apathy in PD are very limited. Environmental and other behavioral interventions including establishment of a routine, structured schedule, and cuing from others can be helpful in some settings. Dopamine agonists, psychostimulants, modafinil, dopamine agonists, and testosterone have been reported to be helpful in decreasing apathy (see Aarsland et al., 2009 for more detailed information).












Dementia with Lewy Bodies


Dementia with lewy bodies is increasingly being recognized as a common cause of dementia in older adults. DLB is associated with fluctuating cognitive difficulties, parkinsonism, and hallucinations. Clinical presentation overlap occurs between the presentation of DLB with AD and PD. Research has observed greater overall behavioral symptoms among individuals with DLB compared to individuals with AD, particularly with regard to hallucinations and apathy (Ricci et al., 2009).






Psychosis


Psychotic symptoms, particularly hallucinations, are a hallmark feature of DLB. Insight is typically poor. Unlike patients with AD or PD, patients with DLB exhibit hallucinations early in the course of the illness. Delusions are also common in DLB. The neuropathological correlates of hallucinations in DLB are somewhat unclear. It has been suggested that hallucinations are likely due to decreased acetylcholine as well as changes in the basal forebrain and the ventral temporal lobe (Ferman and Boeve, 2007).


Hallucinations are correlated with poorer functioning with regard to instrumental activities of daily living (Ricci et al., 2009). Typical neuroleptics are avoided in DLB, because patients exhibit high sensitivity to these drugs and may experience severe parkinsonian symptoms and other side effects. In contrast, atypical neuroleptics such as clozapine and quetiapine, as well as cholinesterase inhibitors, are associated with improved cognition and decreased psychotic symptoms (McKeith, 2002).












Huntington Disease


Up to 79% of individuals with HD report psychiatric and behavioral symptoms as the presenting manifestation of the disease. Symptom presentation varies across stage of illness in HD (Table 8.11). Behavioral symptoms are commonly observed among institutionalized patients with HD (Table 8.12). The behavioral difficulties can lead to placement difficulties in these patients.




Table 8.11 Percentage of Patients with Huntington Disease Endorsing Psychiatric Symptoms by TFC Stage


[image: image]




Table 8.12 Ratings by Nursing Home Staff of Problematic Behaviors in Patients with Huntington Disease






	Behavior Problem

	Percentage

	Rank






	Agitation

	76

	2.0






	Irritability

	72

	2.9






	Disinhibition

	59

	3.3






	Depression

	51

	4.2






	Anxiety

	50

	4.4






	Appetite

	54

	5.1






	Delusions

	43

	5.5






	Sleep disorders

	50

	5.5






	Apathy

	32

	6.8






	Euphoria

	40

	6.9







From Paulsen and Hamilton, unpublished data.






Depression


Depression is one of the most common concerns for individuals and families with HD, occurring in up to 63% of patients. Depression may precede the onset of neurological symptoms in HD by 2 to 20 years, although large-scale empirical research has been minimal. Depression is common immediately before diagnosis, when neurological soft signs and other subtle abnormalities become evident. Following a definite diagnosis of HD, however, depression is most prevalent in the middle stages of the disease (i.e., Shoulson-Fahn stages 2 and 3) and may diminish in the later stages (Paulsen et al., 2005b). Positron emission tomography (PET) studies indicate that patients with HD with depression have hypermetabolism in the inferior frontal cortex and thalamus relative to nondepressed patients with HD or normal age-matched controls.









Suicide


Suicide is more common in HD than in other neurological disorders with high rates of depression such as stroke and PD. Most studies have found a four- to sixfold increase of suicide in HD, with reports as high as 8 to 20 times greater than the general population. Two “critical periods” during which suicidal ideation in HD increased dramatically have been identified. First, frequency of suicidal ideation doubles from 10.4% in at-risk persons with a normal neurological examination to 20.5% in at-risk persons with soft neurological signs. Second, in persons with a diagnosis of HD, 16% had suicidal ideation in stage 1, whereas nearly 21% had suicidal ideation in stage 2. Although the underlying mechanisms for suicidal risk in HD are poorly understood, it may be beneficial for healthcare providers to be aware of periods during which patients may be at an increased risk of suicide (Paulsen et al., 2005a).









Psychosis


Psychosis occurs with increased frequency in HD, with estimates ranging from 3% to 12%. Psychosis is more common among early adulthood-onset cases than among those whose disease begins in middle or late adulthood. Psychosis in HD is more resistant to treatment than psychosis in schizophrenia. Huntington Study Group data suggest that psychosis may increase as the disease progresses (see Table 8.11), although psychosis can become difficult to measure in the later stages of disease.









Obsessive-Compulsive Traits


Although true OCD is rare in HD, obsessive and compulsive behaviors are prevalent (13% to 30%). Obsessional thinking often increases with proximity to disease onset and then remains stable throughout the illness. Obsessional thinking associated with HD is reminiscent of perseveration, such that individuals get “stuck” on a previous occurrence or need and are unable to shift.









Aggression


Aggressive behaviors ranging from irritability to intermittent explosive disorders occur in 19% to 59% of patients with HD. Although aggressive outbursts are often the principal reason for admission to a psychiatric facility, research on the prevalence and incidence of irritability and aggressive outbursts in HD is sparse. The primary limitation in summarizing these symptoms in HD is the varied terminology used to describe this continuum of behaviors. Clinicians and HD family members suggested that difficulty with placement attributable to the patient’s aggression was among the principal obstacles to providing an effective continuum of care.









Apathy


Early signs of HD may include withdrawal from activities and friends, decline in personal appearance, lack of behavioral initiation, decreased spontaneous speech, and constriction of emotional expression. Frequently these symptoms are considered reflective of depression. Though difficult to distinguish, apathy is defined as diminished motivation not attributable to cognitive impairment, emotional distress, or decreased level of consciousness. Depression involves considerable emotional distress evidenced by tearfulness, sadness, anxiety, agitation, insomnia, anorexia, feelings of worthlessness and hopelessness, and recurrent thoughts of death. Both apathy (59%) and depression (70%) are common in HD. However, 53% of individuals experienced only one of these symptoms rather than the two combined. Furthermore, depression and apathy were not correlated.












Tourette Syndrome


Tourette syndrome (TS) is associated with disinhibition of frontosubcortical circuitry; as a result, it is not surprising that increased rates of psychiatric and behavioral symptoms are observed. These behavioral difficulties are more strongly associated with problems with psychosocial functioning than the presence of tics (Zinner and Coffey, 2009). Rates of psychiatric disorders vary widely; significantly higher rates of psychiatric disorders are reported when samples are drawn from psychiatric clinics than from movement disorder clinics. Given the correlation between psychiatric symptoms and changes in psychosocial functioning, treatments in TS that consider psychiatric and behavioral symptoms are encouraged.


Approximately 20% to 40% of individuals with TS meet criteria for OCD, while up to 90% of individuals in a clinic referred sample may exhibit subthreshold levels of obsessive-compulsive symptoms (Zinner and Coffey, 2009). The frequency and severity of tics often decrease as individuals enter adulthood, but the comorbid obsessive-compulsive symptoms are more likely to continue into adulthood and are associated with difficulties with psychosocial functioning (Cheung, Shahed, and Jankovic, 2007). Mood and anxiety symptoms are common in TS. The relationship between severity of depression and tics is unclear. The comorbid presence of obsessive-compulsive symptoms is associated with increased risk for depressive symptoms (Zinner and Coffey, 2009).









Multiple Sclerosis


The assessment of behavioral symptoms in MS is complicated because one of the hallmark symptoms of MS is variability of symptoms across time. Additionally, there is significant heterogeneity within patients with MS. Finally, a disconnection between the experience of emotion and the expression of emotion has historically been observed in individuals with MS.






Depression


Depression is the most common behavioral symptom in MS, occurring at rates of 37% to 54%. Patients with MS may report symptoms of depression even with outward signs of euphoria. While depression is frequently associated with reduced quality of life, the correlation between depressive symptoms and disability in MS is debated with equivocal research. Depression in MS is not consistently associated with increased rates of stressful events, disease duration, sex, age, or socioeconomic status. Among the subtypes of MS, depression may be most common in those with relapsing-remitting MS (Beiske et al., 2008). Fatigue is a strong predictor of depression among individuals with MS (Beiske et al., 2008).


Increased rates of suicidal ideation, suicide attempts, and completed suicides have been observed in individuals with MS. Suicide rates in MS are between two and seven times higher than in the general population (Bronnum-Hansen et al., 2005). Risk factors for suicidal ideation in MS include social isolation, current depression, and lifetime diagnosis of alcohol abuse disorder. Although suicide attempts occur throughout the progression of the disease, some have suggested that increased risk may be particularly high in the year following diagnosis (Bronnum-Hansen et al., 2005).


Biological factors likely contribute to depressive symptoms in MS. It has been hypothesized that the inflammatory process associated with MS may directly lead to depressive symptoms. Similarly, demyelination lesions in MS may directly contribute to the etiology of depression. Imaging studies in MS, however, have failed to show clear neuropathological correlates of depression. Disruptions have been observed in right parietal, right temporal, and right frontal areas (Zorzon et al., 2001) as well as the limbic cortex, implying disruption of frontosubcortical circuitry. It is likely that depression in MS results from a combination of psychosocial and biological factors.


Although controversial, depression may be a side effect for some individuals treated with interferon beta-1b (IFN-β-1b) (Feinstein, 2000). Patients with severe depression should be closely monitored while receiving IFN-β-1b. The relationship between depression and IFN-β-1a and interferon alfa (IFN-α) is equivocal, as conflicting results have been reported. In contrast, glatiramer acetate has not been associated with increased depressive symptoms (Feinstein, 2000). Because of the potential relationship between depression and treatment for MS, as well as the high rates of depression in MS, it is critical that physicians take care to thoroughly assess a patient’s current and past history of depression. This may be particularly important prior to beginning IFN interventions, as patients with histories of depression may be more likely to experience symptoms of depression following IFN treatment.


Few randomly assigned clinical trials have been conducted for the treatment of depression in MS. Several open-label trials of SSRIs have been conducted, which suggest that SSRIs may be effective in the treatment of depression in MS (Siegert and Abernethy, 2005). In addition, psychotherapy, particularly that focusing on coping skills, is efficacious in the reduction of depressive symptoms.









Anxiety


Although common, anxiety is often overlooked because anxiety symptoms may be viewed as a result of poor coping skills. Some strategies to minimize anxiety in individuals with MS are described in Box 8.2. Comorbid anxiety and depression are associated with greater somatic complaints, social difficulties, and suicidal ideation than either anxiety or depression alone. Predictors of anxiety in individuals with MS include fatigue, pain, and younger age of onset (Beiske et al., 2008).





Box 8.2


Strategies to Minimize Anxiety in Patients with Multiple Sclerosis







[image: image] Respect adaptive denial as a useful coping mechanism.


[image: image] Provide referrals to the National Multiple Sclerosis Society (1-800-Fight-MS) early in disease.


[image: image] Help patients to live “one day at a time,” and restrict predictions regarding the future.


[image: image] Help patients manage stress with relaxation techniques.


[image: image] Involve occupational therapists for energy conservation techniques.


[image: image] Focus on the patient’s abilities, not disabilities.


[image: image] Consider patient’s educational and financial background when giving explanations and referrals.


[image: image] Realize that patients have access to the Internet, self-help groups, and medical journals, and may ask “difficult” questions.


[image: image] Expect grief reactions to losses.


[image: image] Deal with losses one at a time.


[image: image] Attend to the mental health needs of patients’ families and caregivers.


[image: image] Respect the patient’s symptoms as real.


[image: image] Avoid overmedicating.


[image: image] Focus supportive psychotherapy on concrete, reality-based cognitive and educational issues related to multiple sclerosis.


[image: image] Provide targeted pharmacotherapy.


[image: image] Refer appropriate patients for cognitive remediation training.


[image: image] Ask about sexual problems, as well as bowel and bladder dysfunction.


[image: image] Keep an open dialogue with the patient about suicidal thoughts.





Modified with permission from Riether, A.M., 1999. Anxiety in patients with multiple sclerosis. Semin Neuropsychiatry 4, 103-113.












Euphoria


Increased rates of cheerfulness, optimism, and denial of disability may occur in MS. Early studies suggested that over 70% of individuals with MS experienced periods of euphoria. However, more recent studies suggest that prevalence rates of euphoria are between 10% and 25%. Euphoria frequently co-occurs with disinhibition, impulsivity, and emotional liability. Individuals with euphoria are more likely to have cerebral involvement, enlarged ventricles, poorer cognitive and neurological function, and increased social disability.









Pathological Laughing and Crying


Pathological laughing and crying (PLC) occurs when there is disparity between an individual’s emotional experience and his or her emotional expression; affected individuals are unable to control laughter or crying. Approximately 10% of individuals with MS exhibit periods of PLC. (Parvizi et al., 2009). PLC is more common in MS patients who have entered the chronic-progressive disease course, have high levels of disability, and cognitive dysfunction. The neuropathological substrate for PLC is believed to involve several aspects of the frontosubcortical circuits as well as the cerebellum (Parvizi et al., 2009). Table 8.13 gives more detailed information. Dextromethorphan/quinidine may be effective in treating such symptoms (Panitch et al., 2006). Additionally, tricyclic and SSRI antidepressant medications may be helpful in reducing PLC symptoms (Parvizi et al., 2009).


Table 8.13 Neuroanatomical Structures and Pathological Laughing and Crying






	Structure

	Neuroanatomical Significance






	Prefrontal cortex and anterior cingulate

	A major component of the limbic lobe, with motor efferents to the brainstem structures involved in emotional expression






	Internal capsule

	A white matter structure consisting of pathways descending from the brain to the brainstem and spinal cord. Some of these pathways are related to the brainstem nuclei, some to the cerebellum (via basis pontis), and some reach the spinal cord.






	Thalamus

	A node in the pathways to the cortex originated from the brainstem, cerebellum, and basal ganglia






	Subthalamic nucleus

	A crucial node in the indirect pathways that carry signals from the striatum to the frontal lobe via the thalamus






	Basis pontis

	Relay center for pathways entering the cerebellum






	Cerebellar white and gray matter

	Receives inputs from many parts of the nervous system and sends its signals to the spinal cord, brainstem, and cerebral cortex (mostly frontal lobe and some to somatomotor parietal cortical areas) through the thalamus







Modified with permission from Parvizi, J., Coburn, K.L., Shillcutt, S.D., et al., 2009. Neuroanatomy of pathological laughing and crying: a report of the American Neuropsychiatric Association Committee on Research. J Neuropsychiatry. Clin Neurosci 21, 75-87. Copyright 2009, American Psychiatric Association.












Amyotrophic Lateral Sclerosis


Historically, amyotrophic lateral sclerosis (ALS) was largely viewed as a pure motor neuron disease. More recently, however, researchers have recognized that cognitive abilities in individuals with ALS can vary widely from normal cognition to dementia. In particular, a relationship between ALS and FTD has been described (Lomen-Hoerth, Anderson, and Miller, 2002).






Depression


Depressive symptoms occur in 40% to 50% of individuals with ALS (Kubler et al., 2005), although most individuals exhibit subsyndromal depression. Depression in ALS is associated with increased physical impairment, although these results are not always replicated. Individuals with low psychological well-being were at increased risk of mortality (Fig. 8.4). Mortality risk was more strongly associated with psychological distress than age and was similar to the association of risk associated with severity of illness. Depression is correlated with duration of illness; however, depression is not associated with ventilator use or tube feeding (Kubler et al., 2005).





[image: image]

Fig. 8.4 Poststroke survival by presence or absence of depression and executive dysfunction (endpoint, all causes of death). Note: determined by Kaplan Meier Logistic-Rank Analysis.


(Reprinted with permission from Melkas, S., Vataja R., Oksala N.K., et al., 2010. Depression-executive dysfunction syndrome relates to poor poststroke survival. Am J Geriatr Psychiatry 18, 1007-1016. Available at: http://dx.doi.org/10.1097/JGP.0b013e3181d695d7.)












Pathological Laughing and Crying


Up to 50% of individuals with ALS, most often those with pseudobulbar syndrome, report PLC (Parvizi et al., 2009). Individuals with PLC may be more likely to exhibit behavioral changes similar to those observed among individuals with FTD (Gibbons et al., 2008). Little research has assessed treatment of pseudobulbar affect. Potential pharmacological interventions include use of tricyclic and SSRI antidepressant medications (Parvizi et al., 2009). Dextromethorphan/quinidine may also be an effective treatment for PLC (Parvizi et al., 2009). Reduction in PLC symptoms was associated with improved quality of life and quality of relationships.









Personality Change


With recognition of the correlation between ALS and FTD, increased interest has been placed on assessing for potential behavioral changes in ALS. Minimal research has fully explored this question. Gibbons and colleagues (2008) assessed behavioral changes among a small group of individuals with ALS by using a structured interview of close family members of those with ALS. In this small study, 14/16 individuals with ALS exhibited behavioral changes. Of those with behavioral changes, 69% exhibited reduced concern for others, 63% exhibited increased irritability, and 38% exhibited increased apathy.












Epilepsy


Behavioral and personality disturbances occur in up to 50% of individuals with epilepsy. Identification and treatment of these behavioral disturbances remains inadequate, with less than half of individuals with epilepsy and major depressive disorder (MDD) being treated for depression. Presence of a psychiatric disorder is an independent predictor of quality of life in individuals with epilepsy (Kanner et al., 2010). In epilepsy, psychiatric disturbances are classified based on their chronological relationship to seizures. Ictal disturbances occur during the seizure. Peri-ictal disturbances occur immediately before (preictal) or after (postictal) a seizure. Finally, interictal disturbances are those that occur independent of seizure states (Table 8.14). To facilitate the patient’s understanding and for accurate treatment of symptoms, it is important to recognize that behavioral and personality disturbances can occur during the ictal state. Individuals in the ictal period may experience episodes of anxiety, depression, psychosis, and aggression. However, because much of the research regarding psychiatric disturbances in epilepsy has focused on interictal behavioral and personality disturbances, these disturbances will be the focus of this section.


Table 8.14 Psychiatric Disturbances in Ictal, Postictal, and Interictal States






	Ictal

	Postictal

	Interictal






	Anxiety

	Agitation

	Panic disorder






	Intense feelings of horror

	 

	Generalized anxiety disorder






	Panic attacks

	 

	Phobias






	Depressed mood

	Depression

	Major depressive disorder






	Tearfulness

	 

	Dysthymic disorder






	 

	 

	Atypical depressive syndromes






	 

	 

	Medication-induced mood changes






	 

	 

	Adjustment disorder






	Paranoia

	Paranoia

	Psychotic syndromes






	Hallucinations

	Hallucinations

	 






	Illusions

	 

	 






	Forced thoughts resembling obsessions

	 

	Obsessive-compulsive disorder






	Obsessions

	 

	 






	Aggression/violence

	Aggression/violence

	Aggression/violence






	Confusion

	Confusion

	 






	Sexual Excitement

	 

	 






	Laughter

	Mania

	 






	Déjà vu and other memory experiences

	 

	 






	 

	 

	Conversion disorder






	 

	 

	Medication-induced conditions







Reprinted with permission from Marsh, L., Rao, V., 2002. Psychiatric complications in patients with epilepsy: a review. Epilepsy Res 49, 11-33.






Depression


Depression is the most common psychiatric disorder in epilepsy. Rates of depression vary as a function of the sample assessed (clinical samples report higher rates of depression than population samples) and the measures used to diagnosis depression. Depression often goes undiagnosed in patients with epilepsy, because symptoms of depression may be viewed as a normal reaction to illness. However, accurate diagnosis of depression is critical because depression is associated with poorer quality of life, employment, and family functioning (Ettinger et al., 2004). Interestingly, presurgical depression is associated with poorer postsurgical seizure outcomes (Metternich et al., 2009).


Attempted and completed suicides are common in epilepsy. The suicide rate in epilepsy is two or more times greater than in the general population (Stefanello et al., 2010). Rates of suicide are even higher in temporal lobe epilepsy. Risk factors include history of self-harm, family history of suicide, stressful life situations, poor morale, stigma, and psychiatric disorders. Individuals with difficulties with comorbid anxiety and depression are at greater risk for suicidal ideation than individuals with only one syndrome (Stefanello et al., 2010).


The cause of depression in epilepsy is unclear. Psychosocial stressors, genetic disposition, and neuropathology may play contributing roles. Although psychosocial stressors have been suggested as important in the cause of depression in epilepsy, observed rates of depression in epilepsy are higher than those in other chronically ill patient populations, lending support to theories of biological causes. Perception of seizure control is an important psychosocial variable to consider, as a lower perception of seizure control is associated with increased depressive symptoms. Though results are somewhat mixed, there appears to be no relationship between age of onset or duration of epilepsy and depression. Depression appears to be more common in individuals with focal epilepsy than in those with primarily generalized epilepsy. Lateralization of seizure foci may be related to depression, with left-sided foci being more commonly associated with depression.


Pharmacological treatment of epilepsy may contribute to depression and psychiatric symptoms in general. Table 8.15 notes commonly used antiepileptic drugs and their psychotropic effects. Medications associated with sedation (e.g., barbiturates, benzodiazepines) may lead to depression, fatigue, and mental slowing.




Table 8.15 Psychotropic Effects of Antiepileptic Drugs


[image: image]




Although the phenomenology of depression in epilepsy may prove dissimilar from that in patients with general depression, similar treatments are efficacious in the treatment of depression. Supportive psychotherapy may prove beneficial, particularly after initial diagnosis as patients begin to adapt to their illness. Few clinical trials have assessed the efficacy of antidepressant medications in patients with epilepsy. Older antidepressants and the antidepressant, bupropion, have been associated with increased seizures and thus should be avoided. Prueter and Norra (2005) suggest that citalopram and sertraline be considered first-line antidepressant medications in epilepsy because of their limited interactions with antiepileptic medication.









Anxiety


Increased rates of anxiety disorders occur in patients with epilepsy. Between 19% and 50% of individuals with epilepsy meet criteria for one or more DSM-IV anxiety disorder (Beyenburg et al., 2005). Individuals with comorbid anxiety and depressive disorders report lower quality of life than individuals with either disorder alone (Kanner et al., 2010). Common anxiety disorders include agoraphobia, generalized anxiety disorder, and social phobia. Fear of having a seizure and anticipatory anxiety are quite common. Care must be taken to distinguish between panic attacks and fear occurring in the context of a seizure (“ictal fear”). Fear is the most common psychiatric symptom to manifest during a seizure.


The relationship between antiepileptic drugs (AEDs) and anxiety is complex. Some AEDs appear to exacerbate anxiety symptoms, and others are associated with reduction in anxiety symptoms. Antidepressant medication, particularly the SSRIs, is the most common pharmacological treatment for anxiety in epilepsy. See the review by Beyenburg and colleagues (2005) for a more detailed discussion of treatment of anxiety in epilepsy.









Psychosis


The association between epilepsy and psychosis has been debated throughout the past century. Individuals with epilepsy onset before age 20 years, duration of illness greater than 10 years, history of complex partial seizures, and temporal lobe epilepsy are at increased risk of psychotic disturbances. Postictal and interictal psychosis are most commonly reported. Postictal psychosis most commonly develops after many years of epilepsy (Devinsky, 2003). Episodes of postictal psychosis are short in duration, lasting from a few hours to a few months. Postictal psychosis is more common with limbic lesions (Devinsky, 2003). In interictal psychosis, episodes of psychosis are not temporally tied to seizure onset and typically last for more than 6 months.









Aggression


The relationship between epilepsy and aggression remains controversial. Early research suggested that the prevalence of aggression in epilepsy ranged from 4.8% to 50.0%. Aggression occurring in the context of a seizure is quite rare (Devinsky, 2003). Rates of aggression are believed to be higher in individuals with temporal lobe epilepsy. Results vary owing to the definition of aggression used and the method of group selection. Interictal aggression may be described as episodic dyscontrol or, as in the DSM-IV nosology, intermittent explosive disorder (IED), which is characterized by periods of largely unprovoked anger, rage, severe aggression, and violent behavior. Hippocampal sclerosis is less common in individuals with epilepsy and aggression (Tebartz van Elst et al., 2000). A subgroup of individuals with epilepsy and aggression have significant amygdala atrophy (Tebartz van Elst, 2002).












Stroke






Depression


Within the first year following a stroke, 30% to 40% of patients experience depression, with most developing depression within the first month (Ballard and O’Brien, 2002). Interestingly, rates appear to be similar for individuals in early, middle, and late stages following stroke. Depression after a stroke is associated with age, time since stroke, cognitive impairment, and social support. Significantly higher rates (5 to 6 times more likely) of poststroke depression have been reported among individuals with a premorbid diagnosis of depression (Ried et al., 2010).


Depression is associated with longer hospital stays, suggesting that it affects rehabilitation efforts. Depression is associated with poorer recovery of activities of daily living and increased morbidity. Depression and executive dysfunction commonly co-occur following a stroke. The presence of executive dysfunction with or without co-occurring depressive symptoms may be the strongest predictor of morbidity following stroke (Melkas et al., 2010) (see Fig. 8.4). Studies assessing the relationship between disability and depression in stroke patients have been equivocal. Depression is associated with poorer quality of life in individuals who have had a stroke, even when neurological symptoms and disability are held constant.


The relationship between depression and lesion location has been the focus of significant research and controversy. Early research by Robinson and Price showed that left anterior lesions were associated with increased rates and severity of depression. Lesions nearer the left frontal pole or left caudate nucleus were associated with increased rates of depression. Some researchers have replicated these findings, but others have failed to do so. More recent review articles have not supported a relationship between lesion location and depression in poststroke patients (Bhogal et al., 2004). Of note, there is significant heterogeneity in previous studies, particularly between different sample sources.


If more homogeneous groups of patients are considered, some relationships emerge. Depression is associated with left-sided lesions in studies using hospital samples, whereas depression is associated with right-sided lesions in community samples (Bhogal et al., 2004). Time since stroke is an additional important variable to consider. Poststroke depression is associated with left-sided lesions in individuals in the first month following stroke (Bhogal et al., 2004). However, poststroke depression is associated with right-sided lesions in individuals more than 6 months after the stroke (Bhogal et al., 2004). Other differences in previous research, such as method of depression diagnosis, may contribute to the mixed results.


Few studies have assessed the effectiveness of various treatments for depression in these patients. A recent review suggests that there is no clear evidence that standard antidepressant medications are effective in the treatment of poststroke depression (Hackett et al., 2005). Although such interventions may not lead to effective cessation of depressive disorders, they may result in overall reductions in depressive severity. One study suggests that nortriptyline was more effective in the treatment of depression than either placebo or fluoxetine (Robinson et al., 2000). In this study, response to treatment with nortriptyline was associated with improvement in cognitive and functional abilities. This improvement in cognition and functional abilities following reduction in depressive symptoms has not always been replicated (Hackett et al., 2005).









Pathological Laughing and Crying


A portion of individuals experience PLC after a stroke. Between 11% and 35% of individuals experience emotional incontinence after stroke (Parvizi et al., 2009). Emotional incontinence is associated with lesions of the brainstem and cerebellar lesions (see Parvizi et al., 2009 for a review). Research assessing treatment for PLC has been largely limited to case studies. Preliminary evidence suggests that tricyclic and SSRI antidepressants may be helpful in alleviating symptoms of PLC (Parvizi et al., 2009).









Aggression


Reports have suggested that individuals have difficulty controlling aggression and anger following a stroke. Inability to control anger or aggression was associated with increased motor dysfunction and dysarthria. Aggression following stroke is associated with increased rates of MDD and generalized anxiety disorder. There is some evidence that lesions in the area supplied by the subcortical middle cerebral artery are associated with inability to control anger or aggression. Poststroke irritability and aggression are associated with lesions nearer to the frontal pole. Fluoxetine has been shown to successfully reduce levels of poststroke anger (Choi-Kwon et al., 2006). Similarly, reductions in irritability and aggression have been associated with reductions in depression following pharmacological intervention (Chan et al., 2006).












Traumatic Brain Injury


Traumatic brain injury is a significant public health concern, affecting approximately 1.4 million individuals, with 235,000 individuals hospitalized each year in the United States. Significant behavioral and psychiatric disturbances can be observed in individuals following TBI (Table 8.16). Kim and colleagues (2007) provide a comprehensive summary of recent literature regarding psychiatric symptoms following brain injury. Behavioral and psychiatric changes are common after TBI and can remain for decades following injury. Behavioral or mood disturbances are associated with decreased quality of life, increased caregiver burden, more challenges to the treating physician, and can significantly affect daily functioning including management of close relationships and employment. Psychiatric diagnoses following TBI are more common in individuals with a history of psychiatric illness, poor social functioning, alcoholism, arteriosclerosis, lower MMSE score, and fewer years of education. Many behavioral changes such as increased disinhibition are associated with dysfunction within the frontal cortex.


Table 8.16 Lifetime Prevalence of Major Psychiatric Disorders by Head Injury Status from the New Haven Epidemiologic Catchment Area Study (N = 5034)






	 

	Head Injury (%)

	No Head Injury (%)






	Major depression (n = 242)

	11.1

	5.2






	Dysthymia (n = 172)

	5.5

	2.9






	Bipolar disorder (n = 45)

	1.6

	1.1






	Panic disorder (n = 60)

	3.2

	1.3






	Obsessive-compulsive disorder (n = 102)

	4.7

	2.3






	Phobic disorder (n = 361)

	11.2

	7.4






	Alcohol abuse/dependence (n = 412)

	24.5

	10.1






	Drug abuse/dependence (n = 175)

	10.9

	5.2






	Schizophrenia (n = 73)

	3.4

	1.9







Note: Adjusted for age, sex, marital status, socioeconomic status, alcohol abuse, and quality of life.


Reprinted with permission from Silver, J.M., Kramer, R., Greenwald, S., et al., 2001. The association between head injuries and psychiatric disorders: findings from the New Haven NIMH epidemiologic catchment area study. Brain Inj 15, 935-945.






Anosognosia


Although TBI is often associated with changes in motor, cognitive, and behavioral functioning, individuals with TBI frequently do not accurately assess these changes. Impairments in awareness have been associated with functional outcomes. Although it is most commonly reported that individuals with TBI underreport their difficulties, a subgroup of individuals appear to overreport their difficulties. It has been reported that individuals with mild to moderate TBI report greater impairments than their family members do of them, whereas those with more severe TBI report less impairments than their family member. Overreporting may be associated with depressive symptoms or litigation. Discussion of behavioral change following mild TBI is beyond the scope of the current discussion. Although symptoms of TBI frequently lead to difficulties in independent living and in the workplace, accurate assessment of these difficulties serves to mitigate this relationship. Thus, it is possible that improved levels of awareness may lead to reductions in disability.









Depression


Depression following TBI is common. Diagnosis of depression in TBI is complicated, because symptoms of depression (e.g., fatigue, concentration difficulties, sleep disturbances) are common following TBI. For further discussion regarding the diagnosis of depression in TBI, see Seel and colleagues (2010). MDD occurs in up to 60% of individuals who have suffered TBI (Kim et al., 2007). Rates of depression in TBI vary as a function of severity of TBI assessed, method of depression diagnosis, and sample source. The best predictor of depression after TBI is the presence of premorbid depression; however, some have failed to replicate this finding. Other factors associated with post-TBI depression include poor coping styles, social isolation, and increased stress (Kim et al., 2007). Depression in TBI is associated with increased suicidality, increased cognitive problems, greater disability, and aggression. See Table 8.17 for additional information regarding differentiating features associated with depression in TBI.




Table 8.17 Core Features of Behavioral Symptoms in Traumatic Brain Injury


[image: image]




Suicidal ideation (65%) and attempts (8.1%) are common following TBI (Silver et al., 2001). In contrast to sex differences reported in the general population, women with TBI are more likely to commit suicide than men with TBI. Furthermore, suicide was more common in individuals with more severe injury and those younger than 21 years or older than 60 years at the time of injury.


No large class I studies of use of antidepressant medications, particularly SSRIs, in TBI have been completed, but small studies provide preliminary support for their use to treat depressive symptoms following TBI. Care must be taken in certain situations, because some antidepressants (i.e., bupropion) are associated with increased risk of seizures. Close monitoring following the beginning of a trial of antidepressant medication is encouraged; in some settings, such medications can increase agitation or anxiety in individuals with TBI. Please see Alderfer and colleagues (2005) for more details regarding recommendations for treatment of depression following TBI.









Anxiety


Less research has assessed the prevalence of anxiety disorders in TBI; however, studies suggest that 11% to 70% of individuals meet criteria for anxiety. A meta-analysis suggested that the mean prevalence of anxiety disorders following TBI is 29%. Panic disorder occurs in 3.2% to 9.0% of individuals with a TBI (Silver et al., 2001).









Apathy


Symptoms of apathy are reported in 10% to 60% of individuals with a TBI. Among individuals with TBI referred to a behavioral management program, lack of initiation was among the most common reported problems, occurring in approximately 60% of the sample (Kelly et al., 2008). Apathy in TBI is associated with depressive symptoms, although a significant number of individuals (28%) report experiencing apathy but not depression. Lesions affecting the right hemisphere and subcortical regions are more strongly associated with apathy than lesions affecting the left hemisphere.









Personality Change


Personality changes following TBI is common secondary to frequent injury to the frontal lobe and disruption of the frontosubcortical circuitry. Common changes include increased irritability, aggression, disinhibition, and inappropriate behavior. Although these difficulties can be among the most disabling for individuals with TBI, research in these areas is limited, and no uniform, agreed-upon diagnostic criteria for these behavioral changes exist.


Aggression within 6 months of TBI has been reported in up to 60% of individuals with TBI (Baguley et al., 2006). Among individuals referred to a TBI behavior management service, verbal aggression along with inappropriate social behavior were among the most commonly reported behavioral difficulties and occurred in more than 80% of individuals (Kelly et al., 2008). Aggression following TBI is associated with onset of depression following TBI, poorer psychosocial functioning, and greater disability (Rao et al., 2009).


A number of pharmacological interventions have been used to reduce and remediate behavioral changes following brain injury. See Nicholl and LaFrance (2009) for a review. One class of medication used in these settings is AEDs, now routinely used to treat aggression, disinhibition, and mania following TBI. Again, few large-scale studies have assessed the effectiveness of AEDs in the treatment of behavioral change following TBI. Historically, neuroleptic drugs were used in high doses to treat behavioral dyscontrol in individuals with cognitive impairment. More recently, there has been increased interest in the use of atypical neuroleptics to treat both psychosis and behavioral changes following TBI.


In addition to pharmacological interventions, behavioral and environmental interventions have been shown to be effective at remediating behavioral dyscontrol following TBI. The discussion of behavioral and environmental techniques aimed at decreasing behavioral dyscontrol, including aggression and irritability, is beyond the scope of this chapter (see Sohlberg and Mateer, 2001 for more information). Providers may find referrals for such interventions within rehabilitation programs. Briefly, interventions may seek to reduce stimulation in the environment, increase structure and predictability, reinforce good behavior with limited response to undesired behavior, and use of structured problem-solving strategies.
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The most widely recognized nomenclature used for discussion of mental disorders derives from the classification system developed for the Diagnostic and Statistical Manual of Mental Disorders (DSM). The American Psychiatric Association introduced the DSM in 1952 to facilitate psychiatric diagnosis through improved standardization of nomenclature. There have been consecutive revisions of this highly useful and relied-upon document since its inception, with the last revision being the DSM IV-TR in 2000 and a planned revision, the DSM V, scheduled for publication in 2013. Discussion about the potential secondary causes of depression and psychosis requires a familiarity with the most salient features of the primary psychiatric conditions. A brief outline of selected conditions derived from the DSM IV-TR is included in Boxes 9.1 and 9.2, which can be found at www.expertconsult.com, along with other content in this chapter marked “online only.”








Box 9.1 Diagnostic Features of Primary Psychiatric Disorders


The following conditions require clinically significant distress or impairment in social or occupational functioning:




Schizophrenia is a disorder that lasts for at least 6 months and includes at least 1 month of active symptoms (two or more of the following: delusions, hallucinations, disorganized speech, grossly disorganized or catatonic behavior, or negative symptoms).


Schizoaffective disorder is a disorder in which a mood episode and the active symptoms of schizophrenia occur together and were preceded or are followed by at least 2 weeks of delusions or hallucinations without prominent mood symptoms.


Major depressive disorder is characterized by one or more major depressive episodes (at least 2 weeks of depressed mood or loss of interest accompanied by at least four additional symptoms of depression). Additional symptoms of depression may include significant weight loss or loss of appetite, sleep dysfunction, psychomotor agitation or retardation, fatigue or loss of energy, feelings of worthlessness or guilt, cognitive problems, and suicidal ideational or thoughts of death.


A manic episode is defined by an abnormally and persistently elevated, expansive, or irritable mood persisting for at least 1 week (or less if hospitalization is required). At least three of the following symptoms must be present if the mood is elevated or expansive (four symptoms are required if the mood is irritable): inflated self esteem or grandiosity, decreased need for sleep, pressured speech, flight of ideas, distractibility, increased goal directed activities or psychomotor agitation, and excessive involvement in pleasurable activities with a high potential for painful consequences. Psychotic features may be present.


Bipolar I disorder is characterized by the presence of both manic and major depressive episodes or manic episodes alone.


Bipolar II is characterized by the presence of major depressive episodes alternating with episodes of hypomania.


Hypomania is characterized by an abnormally and persistently elevated, expansive, or irritable mood persisting for at least 4 days. Other criteria required for diagnosis are identical to that of a manic episode except that the symptoms are not so severe as to cause marked impairment in social or occupational functioning, hospitalization is not required, and no psychotic symptoms are present.











Box 9.2 Psychiatric Terms of Relevance to Neurologists







Abulia is the state of reduced impulse to act and think associated with indifference about consequences of action.


Affect is the examiner’s observation of the patient’s emotional state. Frequently used descriptive terms include:



Constricted affect is reduced range and intensity of expression.



Blunted affect is further reduced. Usually, there is little facial expression and a voice that is monotone and lacking normal prosody.



Flat is a term which describes severely blunted affect in which there is no affective expression.



Inappropriate affect is an incongruous expression of emotion or behavior relative to the content of a conversation or social norms.



Labile affect exhibits abrupt and sudden changes in both type and intensity of emotion.


Anxiety is the feeling of apprehension caused by anticipation of danger that may be internal or external.


Apathy is dulled emotional tone associated with detachment or indifference.


Comportment refers to self-regulation of behavior through complex mental processes that include insight, judgment, self-awareness, empathy, and social adaptation.


Compulsion is the uncontrollable impulse to perform an act repetitively.


Confusion is the inability to maintain a coherent stream of thought owing to impaired attention and vigilance. Secondary deficits in language, memory, and visual spatial skills are common.


Delusion is a false, unshakable conviction or judgment that is out of keeping with reality and with socially shared beliefs of the individual’s background and culture. It cannot be corrected with reasoning.


Depression is a sustained psychopathological feeling of sadness often accompanied by a variety of associated symptoms, particularly anxiety, agitation, feelings of worthlessness, suicidal ideation, abulia, psychomotor retardation, and various somatic symptoms and physiological dysfunctions and complaints that cause significant distress and impairment in social functioning.


Hallucination is a false sensory perception not associated with real external stimuli.


Mood is the emotional state experienced and described by the patient and observed by others.


Obsession is the pathological persistence of an irresistible thought or feeling that cannot be eliminated from consciousness by logical effort. It is associated with anxiety and rumination.


Paranoia is a descriptive term designating either morbid dominant ideas or delusions of self-reference concerning one or more of several themes, most commonly persecution, love, hate, envy, jealousy, honor, litigation, grandeur, or the supernatural.


Prosody is the melodic patterns of intonation in language that convey shades of meaning.


Psychosis is the inability or impaired ability to distinguish reality from hallucinations and/or delusions.


Thought process and content. Common descriptive terms include:



Circumstantial thought follows a circuitous route to the answer. There may be many superfluous details, but the patient eventually reaches the answer.



Linear thought demonstrates goal directed associations and is easy to follow.



Loose associations are thoughts that have no logical or meaningful connection with ensuing thoughts.



Tangential thoughts are initially clearly linked to a current thought but fail to maintain goal-directed associations; the patient never arrives at the desired point or goal.



Clang associations describe speech in which the sounds of words are similar but not the meanings. The words have no logical connection to each other.



Flight of ideas describes a rapid stream of thoughts that tend to be related to each other.



Magical thinking describes the belief that thoughts, words, or actions have power to influence events in ways other than through reality-based mechanisms.



Thought blocking is characterized by abrupt interruptions in speech during conversation before an idea or thought is finished. After a pause, the individual indicates no recall of what was being said or what was going to be said.












Principles of Differential Diagnosis


Emotional and cognitive processes are based on brain structure and physiology. Abnormal behavior can be attributable to the complex interplay of social influences, physical environment, and neural physiology. Psychosis, mania, depression, disinhibition, obsessive compulsive disorder (OCD), and anxiety all can occur as a result of neurological disease and can be indistinguishable from the idiopathic forms (Robinson and Travella, 1996). Neurological conditions must be considered in the differential diagnosis of any disorder with psychiatric symptoms.


Neuropsychiatric dysfunction can be correlated with altered functioning in anatomical regions. Any disease, toxin, drug, or process that affects a particular region can be expected to show changes in behavior mediated by the circuits within that region. The limbic system and the frontosubcortical circuits are most commonly involved in neuropsychiatric dysfunction. This neuroanatomical conceptual framework can provide useful information for localization and thus differential diagnosis. Klüver-Bucy syndrome, which consists of placidity, apathy, visual and auditory agnosia, hyperorality, and hypersexuality, occurs in processes that cause injury to the bilateral medial temporoamygdalar regions. A few of the most common causes of this syndrome include herpes encephalitis, traumatic brain injury (TBI), frontotemporal dementias (FTDs), and late-onset or severe Alzheimer disease (AD). Brain trauma, ischemic disease, demyelination, abscesses, or tumors, as well as degenerative dementias can also result in disinhibition. Damage to any portion of the circuit between the orbitofrontal cortex, ventral caudate nucleus, anterior globus pallidus, or mediodorsal thalamus can result in disinhibition (Tekin and Cummings, 2002).


Mood disorders, paranoia, disinhibition, and apathy derive from dysfunction in the limbic system and basal ganglia, which are phylogenetically more primitive (Mesulam, 2000). In some cases, the behavioral changes represent a response to the underlying disability; in others, behavioral abnormalities are part of the disease. For example, studies have shown that apathy in Parkinson disease (PD) is probably related to the underlying disease process, rather than being a psychological reaction to disability or to depression, and is closely associated with cognitive impairment (Kirsch-Darrow et al., 2006). Positron emission tomographic (PET) and single-photon emission computed tomographic (SPECT) studies suggest similar regions of abnormality in acquired forms of depression, mania, OCD, and psychosis, compared with their primary psychiatric presentations (Hirono et al., 1998; Rubinsztein et al., 2001; Saxena et al., 1998). Table 9.1 summarizes neuropsychiatric symptoms and their anatomical correlates. Additionally, the developmental phase during which a neurological illness occurs influences the frequency with which some neuropsychiatric syndromes are manifested. Adults with post-TBI sequelae tend to exhibit a higher rate of depression and anxiety. In contrast, post-TBI sequelae in children often involve attention deficits, hyperactivity, irritability, aggressiveness, and oppositional behavior (Geraldina et al., 2003). When temporal lobe epilepsy or Huntington disease (HD) begins in adolescence, a higher incidence of psychosis is noted than when their onset occurs later in life. Earlier onset of multiple sclerosis (MS) and stroke are associated with a higher incidence of depression (Rickards, 2005).


Table 9.1 Neuropsychiatric Symptoms and Corresponding Neuroanatomy






	Symptom

	Neuroanatomical Region






	Depression

	Frontal lobes, left anterior frontal cortex, anterior cingulate gyrus, subgenu of the corpus callosum, basal ganglia, left caudate






	Mania

	Inferomedial and ventromedial frontal cortex, right inferomedial frontal cortex, anterior cingulate, caudate nucleus, thalamus, and temporothalamic projections






	Apathy

	Anterior cingulate gyrus, nucleus accumbens, globus pallidus, thalamus






	OCD

	Orbital or medial frontal cortex, caudate nucleus, globus pallidus






	Disinhibition

	Orbitofrontal cortex, hypothalamus, septum






	Paraphilia

	Mediotemporal cortex, hypothalamus, septum, rostral brainstem






	Hallucinations

	Unimodal association cortex, orbitofrontal cortex, paralimbic cortex, limbic cortex, striatum, thalamus, midbrain






	Delusions

	Orbitofrontal cortex, amygdala, striatum, thalamus






	Psychosis

	Frontal lobes, left temporal cortex







OCD, Obsessive-compulsive disorder.


Patients with AD, PD, HD, and FTDs can develop multiple coexisting symptoms such as irritability, agitation, impulse-control disorders, apathy, depression, delusions, and psychosis that may be exacerbated by medications used to treat the underlying disorder (Table 9.2). For example, in patients with PD dopamine agonists such as pramipexole and ropinirole have been found to increase the risk of pathological gambling, compulsive shopping, hypersexuality, and other impulse-control disorders, sometimes referred to as dopamine dysregulation (Voon et al., 2006; Weintraub et al., 2006). Management outcome can be influenced by multiple factors. For instance, the complex relationship between behavioral changes and the caregiver’s ability to cope play a role in illness management and nursing home placement (de Vugt et al., 2005; Smith et al., 2001). Behavioral disturbances in patients with neurological illness have been related to the severity of caregiver distress (Kaufer et al., 1998).


Table 9.2 Neurological Disorders and Associated Prominent Behavioral Features






	Neurological Disorder

	Associated Behavioral Disturbances






	Alzheimer disease

	Depression, irritability, anxiety, apathy, delusions, paranoia, psychosis






	Lewy body dementia

	Fluctuating confusion, hallucinations, delusions, depression, RBD






	Vascular dementia

	Depression, apathy, psychosis






	Parkinson disease

	Depression, anxiety drug-associated hallucinations and psychosis, RBD






	FTD

	Early impaired judgment, disinhibition, apathy, depression, delusions, psychosis






	PSP

	Disinhibition, apathy






	TBI

	Depression, disinhibition, apathy, irritability, psychosis uncommon






	HD

	Depression, irritability, delusions, mania, apathy, obsessive-compulsive disorder, psychosis






	Corticobasal degeneration

	Depression, irritability, RBD, alien hand syndrome






	Epilepsy

	Depression, psychosis






	HIV infection

	Apathy, depression, mania, psychosis






	MS

	Depression, irritability, anxiety, euphoria, psychosis






	ALS

	Depression, disinhibition, apathy, impaired judgment







ALS, Amyotrophic lateral selerosis; FTD, frontotemporal dementia; HD, Huntington disease; HIV, human immunodeficiency virus; MS, multiple sclerosis; OCD, obsessive-compulsive disorder; PSP, progressive supranuclear palsy; RBD, rapid eye movement behavior disorder; TBI, traumatic brain injury.









Principles of Neuropsychiatric Evaluation


A number of important principles must be taken into account when evaluating and treating a patient for behavioral disturbances.




1. A normal neurological examination does not exclude neurological conditions. Lesions in the limbic, paralimbic, and prefrontal regions may manifest with cognitive-behavioral changes in the absence of elemental neurological abnormalities.


2. Normal routine laboratory testing, brain imaging, electroencephalography, and cerebral spinal fluid analysis do not necessarily exclude diseases of neurological origin.


3. New neurological complaints or behavioral changes should not be dismissed as being of psychiatric origin in a person with a preexisting psychiatric history.


4. The possibility of iatrogenically induced conditions such as lethargy with benzodiazepines, parkinsonism with neuroleptics, or hallucinations with dopaminergic medications must be taken into account. Medication side effects can significantly complicate the clinical history and physical examination in both the acute and long-term setting. Medication side effects can also potentially be harbingers of underlying pathology or progression of illness. Marked parkinsonism occurring after neuroleptic exposure can be a feature of PD and dementia with Lewy bodies (Aarsland et al., 2005) before the underlying neurodegenerative condition becomes clinically apparent. PD patients may develop hallucinations as a side effect of dopaminergic medications (Papapetropoulos and Mash, 2005).


5. Treatment of primary psychiatric and neurological behavioral disturbances share common principles. A response to therapy does not constitute evidence for a primary psychiatric condition.





The medical evaluation of affective illness and psychotic disorders must be individualized based on the patient’s family history, social environment, habits, risk factors, age, gender, clinical history, and examination findings. A careful review of the patient’s medical history and a general physical examination as well as a neurological examination (Murray and Price, 2008; Ovsiew et al., 2008) should be performed to assess for possible neurological and medical causes. The most basic evaluation should include vital signs (blood pressure, pulse, respirations, and temperature) and a laboratory evaluation that minimally includes a complete blood cell count (CBC); electrolyte panel; determination of serum levels for glucose, blood urea nitrogen (BUN), creatinine, calcium, total protein, and albumin; liver function assessment; thyroid function assessment; and additional laboratory testing as clinically indicated. Consideration should be given to checking the patient’s oxygen saturation on room air (especially in the elderly). Neurological abnormalities suggested by the clinical history or identified on examination, especially those attributable to the central nervous system (CNS), should prompt further evaluation for neurological and medical causes of psychiatric illness. A clear consensus has not been reached about when neuroimaging is indicated as part of the evaluation of new-onset depression in patients without focal neurological complaints and a normal neurological examination. This must be individualized based on clinical judgment. Treatment-resistant depression should prompt reassessment of the diagnosis and evaluation to rule out secondary causes of depressive illness. A careful history to rule out a primary sleep disorder such as sleep apnea should be considered in the evaluation of refractory depressive symptoms (Haba-Rubio, 2005) or cognitive complaints. When new-onset psychosis presents in the absence of identifiable infectious/inflammatory, metabolic, toxic, or other causes, we recommend that magnetic resonance imaging (MRI) of the brain be incorporated into the evaluation. In our experience, 5% to 10% of such patients have MRI abnormalities that identify potential neurological contributions (particularly in those 65 years of age and older). The MRI will help exclude lesions (e.g., demyelination, ischemic disease, neoplasm, congenital structural abnormalities, evidence of metabolic storage diseases) in limbic, paralimbic, and frontal regions, which may not be associated with neurological abnormalities on elemental examination (Walterfang et al., 2005). An electroencephalogram (EEG) should be considered to evaluate for complex partial seizures if there is a history of intermittent, discrete, or abrupt episodes of psychiatric dysfunction (e.g., confusion, spells of lost time, psychotic symptoms), stereotypy of hallucinations, automatisms (e.g., lip smacking, repetitive movements) associated with episodes of psychiatric dysfunction (or confusion), or a suspicion of encephalopathy (or delirium). Sensitivity of the EEG for detecting seizure activity is highest when the patient has experienced the specific symptoms while undergoing the study. Selected cases may require 24-hour or longer EEG monitoring to capture a clinical event to clarify whether a seizure disorder is present.









Cognitive-Behavioral Neuroanatomy


We begin with a brief overview of cortical functional anatomy and perceptual, cognitive, and behavioral processing, after which will follow a synopsis of frontal lobe functional anatomy describing the distinct frontosubcortical circuits subserving important cognitive-behavioral domains.


The cerebral cortex can be subdivided into five major functional subtypes: primary sensory-motor, unimodal association, heteromodal association, paralimbic, and limbic. The primary sensory areas are the point of entry for sensory information into the cortical circuitry. The primary motor cortex conveys complex motor programs to motor neurons in the brainstem and spinal cord. Processing of sensory information occurs as information moves from primary sensory areas to adjacent unimodal association areas. The unimodal and heteromodal cortices are involved in perceptual processing and motor planning. The complexity of processing increases as information is then transmitted to heteromodal association areas which receive input from more than one sensory modality. Examples of heteromodal association cortex include prefrontal cortex, posterior parietal cortex, parts of the lateral temporal cortex, and portions of the parahippocampal gyrus. These cortical regions have a six-layered architecture. Further cortical processing occurs in areas designated as paralimbic. These regions demonstrate a gradual transition of cortical architecture from the six-layered to the more primitive and simplified allocortex of limbic structures. The paralimbic regions consist of orbitofrontal cortex, insula, temporal pole, parahippocampal cortex, and cingulate cortex. Cognitive, emotional, and visceral inputs merge in these regions. The limbic subdivision is composed of the hippocampus, amygdala, substantia innominata, prepiriform olfactory cortex, and septal area (Figs. 9.1 and 9.2). These structures are to a great extent reciprocally interconnected with the hypothalamus. The limbic region is intimately involved with regulation of emotion, memory, motivation, autonomic, and endocrine function. The highest level of cognitive processing occurs in regions referred to as transmodal areas. These areas are composed of heteromodal, paralimbic, and limbic regions, which are collectively linked, in parallel, to other transmodal regions. Interconnections among transmodal areas (e.g., Wernicke area, posterior parietal cortex, hippocampal-enterorhinal complex) allow integration of distributed perceptual processing systems, resulting in perceptual recognition such as scenes and events becoming experiences and words taking on meaning (Mesulam, 2000).





[image: image]

Fig. 9.1 Cortical anatomy and functional subtypes (areas) described by Brodmann’s map of the human brain. The boundaries are not intended to be precise. Much of this information is based on experimental evidence obtained from laboratory animals and needs to be confirmed in the human brain. AA, Auditory association cortex; ag, angular gyrus; A1, primary auditory cortex; B, Broca area; cg, cingulate gyrus; f, fusiform gyrus; FEF, frontal eye fields; ins, insula; ipl, inferior parietal lobule; it, inferior temporal gyrus; MA, motor association cortex; mpo, medial parietooccipital area; mt, middle temporal gyrus; M1, primary motor area; of, orbitofrontal region; pc, prefrontal cortex; ph, parahippocampal region; po, parolfactory area; ps, peristriate cortex; rs, retrosplenial area; SA, somatosensory association cortex; sg, supramarginal gyrus; spl, superior parietal lobule; st, superior temporal gyrus; S1, primary somatosensory area; tp, temporopolar cortex; VA, visual association cortex; V1, primary visual cortex; W, Wernicke area.


(From Mesulam, M.M., 2000. Behavioral neuroanatomy. Large-scale networks, association cortex, frontal syndromes, the limbic system and hemisphere specializations. In: Mesulam, M.M. (Ed.), Principles of Behavioral and Cognitive Neurology. Oxford University Press, New York, p. 13.)
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Fig. 9.2 Coronal section through the basal forebrain of a 25-year-old human brain stained for myelin. The substantia innominata (si) and the amygdaloid complex (a) are located on the undersurface of the brain. c, Head of caudate nucleus; cg, cingulate gyrus; g, globus pallidus; I, insula.


(From Mesulam, M.M., 2000. Behavioral neuroanatomy. Large-scale networks, association cortex, frontal syndromes, the limbic system and hemisphere specializations. In: Mesulam, M.M. (Ed.), Principles of Behavioral and Cognitive Neurology. Oxford University Press, New York, p. 4.)









Cortical Networks


Five distinct cortical network regions govern various aspects of cognitive functioning: (1) the language network, which includes transmodal regions or “epicenters” in Broca and Wernicke areas; (2) spatial awareness, based in transmodal regions in the frontal eye fields and posterior parietal area; (3) the memory and emotional network, located in the hippocampal-enterorhinal region and amygdala; (4) the executive function–working memory network, based in transmodal regions in the lateral prefrontal cortex and possibly the inferior parietal cortices; and (5) the face-object recognition network, based in the temporopolar and midtemporal cortices (Mesulam, 1998).


Lesions of transmodal cortical areas result in global impairments such as hemineglect, anosognosia, amnesia, and multimodal anomia. Disconnection of transmodal regions from a specific unimodal input will result in selective perceptual impairments such as category-specific anomias, prosopagnosia, pure word deafness, or pure word blindness.


The ability to empathize with another person’s psychological and physical circumstances is a foundation for social and moral behavior. The human mirror neuron system is now postulated to be involved in understanding the actions of others and the intentions behind the actions. It also may provide the basis for observational learning. The parietofrontal mirror system, which includes the parietal lobe and the premotor cortex plus the caudal part of the inferior frontal gyrus, is involved in recognition of voluntary behavior in other people, while the limbic mirror system, formed by the insula and the anterior mesial frontal cortex, is devoted to the recognition of affective behavior. Dysfunction of this system is postulated to underlie deficits in theory of mind and has been proposed as an explanation for the social deficits seen in autistic disorders (Cattaneo and Rizzolatti, 2009).






Frontosubcortical Networks


Five frontosubcortical circuits subserve cognition, behavior, and movement. Disruption of these networks at the cortical or subcortical level can be associated with similar neuropsychiatric symptoms. Each of these circuits shares the same components: (1) frontal cortex, (2) striatum (caudate, putamen, ventral striatum), (3) globus pallidus and substantia nigra, and (4) thalamus (which then projects back to frontal cortex) (Tekin and Cummings, 2002) (Fig. 9.3). Integrative connections also occur to and from other subcortical and distant cortical regions related to each circuit. Neurotransmitters such as dopamine (DA), glutamate, γ-aminobutyric acid (GABA), acetylcholine, norepinephrine, and serotonin are involved in various aspects of neural transmission and modulation in these circuits. The frontosubcortical networks are named according to their site of origin or function. Somatic motor function is subserved by the motor circuit originating in the supplementary motor area. Oculomotor function is governed by the oculomotor circuit originating in the frontal eye fields. Three of the five circuits are intimately involved in cognitive and behavioral changes: the dorsolateral prefrontal, the orbitofrontal, and the anterior cingulate circuits. Each circuit has both efferent and afferent connections with adjacent and distant cortical regions. The dorsolateral prefrontal circuit governs executive functions, including the ability to plan and maintain attention, problem solve, learn, retrieve remote memories, sequence the temporal order of events, shift cognitive and behavioral sets, and generate motor programs. Executive dysfunction is a principal component of subcortical dementias. Deficits identified in subcortical dementias include slowed information processing, memory retrieval deficits, mood and behavioral changes, gait disturbance, dysarthria, and other motor impairments. Vascular dementias, PD, and HD are a few examples of conditions that affect this circuit.
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Fig. 9.3 General structure of frontal subcortical circuits.




The orbitofrontal circuit connects frontal monitoring functions to the limbic system. This circuit governs appropriate responses to social cues, empathy, social judgment, and interpersonal sensitivity. It pairs thoughts, memories, and experiences with corresponding visceral and emotional states. This circuit is heavily involved in the process of decision making and evaluating the costs and benefits of specific behavioral responses to the environment. The medial orbitofrontal cortex (OFC) evaluates reward, whereas the lateral OFC monitors and decodes punishment as it pertains to motivating behavioral change. There is also an anterior-posterior gradient in which the reward value for more abstract and complex secondary reinforcing factors such as money are encoded in the anterior regions, and more concrete factors such as touch and taste are encoded in the posterior OFC areas. The posterior OFC is thought to have an important role in evaluating the emotional significance of stimuli (Barbas and Zikopoulos, 2007). Dysfunction in this circuit can lead to disinhibition, irritability, aggressive outbursts, inappropriate social responses, and impulsive decision making. Patients with OFC lesions show deficits in both the production and recognition of emotional expression from the face, voice, or gestures. Persons with bilateral OFC lesions may manifest “theory of mind” deficits. Theory of mind is a model of how a person understands and infers other people’s intentions, desires, mental states, and emotions (Bodden et al., 2010). Conditions that exhibit impairment in this circuit include schizophrenia (Bora et al., 2009), FTD (Adenzato et al., 2010), and HD. Other conditions that may affect this circuit include closed head trauma, rupture of anterior communicating aneurysms, and subfrontal meningiomas.


The anterior cingulate circuit includes the nucleus accumbens and has both afferent and efferent connections to the dorsolateral prefrontal cortex (DLPFC) and amygdala. It is involved in motivated behavior. Lesions in this circuit result in apathy, abulia, and akinetic mutism. There also is a reported decrease in the ability to understand new thoughts and participate in the creative thought process (Chow and Cummings, 1999; Mesulam, 2000). The medial prefrontal cortex is thought to play a significant role in generating emotions related to empathy, cognitive functions related to theory of mind, and the ability to recognize a moral dilemma (Robertson et al., 2007). The ventromedial frontal lobe evaluates the current relative value of stimuli helping to guide decision making by determining the goals toward which behavior is directed and through judging outcomes (Fellows, 2007). Some conditions that may affect this circuit include AD, FTD, PD, HD, head trauma, brain tumors, cerebral infarcts, and obstructive hydrocephalus.









Cerebrocerebellar Networks


The cerebellum is engaged in the regulation of cognition and emotion through a feed-forward and feedback loop. The cortex projects to pontine nuclei, which in turn project to the cerebellum. The cerebellum projects to the thalamus, which then projects back to the cortex. Cognitive processing tasks such as language, working memory, and spatial and executive tasks appear to activate the posterior cerebellar lobe. The posterior cerebellar vermis may function as a putative limbic cerebellum, modulating emotional processing (Stoodley and Schmahmann, 2010). Distractibility, executive and working memory problems, impaired judgment, reduced verbal fluency, disinhibition, irritability, anxiety, emotional lability or blunting, obsessive compulsive behaviors, depression, and psychosis have been reported in association with cerebellar pathology.















Biology of Psychosis


Among several etiological hypotheses for schizophrenia, the neurodevelopmental model is one of the most prominent. This model generally posits that schizophrenia results from processes that begin long before the onset of clinical symptoms and is caused by a combination of environmental and genetic factors (Murray and Lewis, 1987; Weinberger, 1987). Several postmortem and neuroimaging studies support this hypothesis with findings of brain developmental alterations such as agenesis of the corpus callosum, arachnoid cysts, and other abnormalities in a significant number of schizophrenic patients (Hallak et al., 2007; Kuloglu et al., 2008). Environmental factors are associated with an increased risk for schizophrenia. These factors include being a first-generation immigrant or the child of a first-generation immigrant, urban living, drug use, head injury, prenatal infection, maternal malnutrition, obstetrical complications during delivery, and winter birth (Tandon et al., 2008). Genetic risks are clearly present but not well understood. The majority of patients with schizophrenia lack a family history of the disorder. The population lifetime risk for schizophrenia is 1%, 10% for first-degree relatives, and 4% for second-degree relatives. There is an approximately 50% concordance rate for monozygotic twins, compared to approximately 15% for dizygotic twins. Advancing paternal age increases risk in a linear fashion, which is consistent with the hypothesis that de novo mutations contribute to the genetic risk for schizophrenia. It is most likely that many different genes make small but important contributions to susceptibility. The disease only manifests when these genes are combined or certain environmental factors are present. A number of susceptibility genes show association with schizophrenia: catechol-O-methyl-transferase, neuroregulin 1, dysbindin, disrupted in schizophrenia 1 (DISC1), metabotropic glutamate receptor type 3 gene and G27/G30 gene complex (Nöthen et al., 2010; Tandon et al., 2008). Research in twins and first-degree relatives of patients has shown that genes predisposing to schizophrenia and related disorders affect heritable traits related to the illness. Such traits include neurocognitive functioning, structural MRI brain volume measures, neurophysiological informational processing traits, and sensitivity to stress (van Os and Kapur, 2009). A small proportion of schizophrenia incidence may be explained by genomic structural variations known as copy number variants (CNVs). CNVs consist of inherited or de novo small duplications, deletions, or inversions in genes or regulatory regions. CNV deletions generally show higher penetrance (more severe phenotype) than duplications, and larger CNVs often have higher penetrance and/or more clinical features than smaller CNVs. These genomic structural variations contribute to normal variability, disease risk, and developmental anomalies, as well as act as a major mutational mechanism in evolution. The most common CNV disorder, 22q11.2 deletion syndrome (velocardiofacial syndrome), has an established association with schizophrenia. Individuals with 22q11.2 deletions have a 20-fold increased risk for schizophrenia and constitute about 0.9% to 1% of schizophrenia patients. When this syndrome is present, genetic counseling is helpful (Bassett and Chow, 2008).


A wide variety of neurological conditions, medications, and toxins are associated with psychosis. No consensus is available in the literature regarding the precise anatomical localization of various psychotic syndromes. Evidence from neurochemistry, cellular neuropathology, and neuroimaging studies support that schizophrenia is a brain disease, but there is no universally accepted theory regarding the specific nature of the brain dysfunction. The two best-known neurotransmitter models offered to explain the various manifestations of schizophrenia include the “dopamine hypothesis,” now in its third revision (Howes and Kapur, 2009), and the “glutamate hypothesis.” Schizophrenia has been associated with frontal lobe dysfunction and abnormal regulation of subcortical DA (Goldman-Rakic et al., 2004) and glutamate systems (Weinberger, 2005).


Functional imaging studies in persons with schizophrenia show decreased cerebral blood flow (CBF) in the DLPFC during specific cognitive tasks (Andreasen, 1996; Lehrer et al., 2005). Schizophrenic patients with prominent negative symptoms display reduced glucose utilization in the frontal lobes. Functional imaging studies suggest that disruption in distributed functional circuits is important in the development of schizophrenia. These functional circuit locations include the DLPFC, orbitofrontal cortex, mediofrontal cortex, anterior cingulate gyrus, thalamus, temporal lobe subregions, and the cerebellum (Schultz and Andreasen, 1999). Several conditions that may manifest psychosis (e.g., HD, PD, frontotemporal degenerations, stroke) are commonly associated with frontal and subcortical dysfunction. Dorsolateral and mediofrontal hypoperfusion on functional imaging has been demonstrated in a subset of AD patients with delusions (Hirono et al., 1998).









Biology of Depression


The connection between psychiatry and neurology is nowhere more evident than the remarkable comorbidity of psychiatric illness, especially depression, in many neurological disorders, with a 20% to 60% prevalence rate of depression in patients with stroke, neurodegenerative diseases, MS, headache, human immunodeficiency virus (HIV), TBI, epilepsy, chronic pain, obstructive sleep apnea, intracranial neoplasms, and motor neuron disease. Depression amplifies the physiological response to pain, while pain-related symptoms and limitations frequently lead to the emergence of depressive symptoms. In a community-based study, almost 50% of adolescents with chronic daily headaches had at least one psychiatric disorder, most commonly major depression and panic. Women with migraine who have major depression are twice as likely as those with migraine alone to report being sexually abused as a child. If the abuse continued past age 12, women with migraine were five times more likely to report depression (Tietjen et al., 2007). Despite the proliferation of antidepressant therapeutics, major depression is often a chronic and/or recurrent condition that remains difficult to treat. Up to 70% of patients taking antidepressants in a primary care setting may be poorly compliant, most often due to adverse side effects during both short and long-term therapy.


Efforts to link single genes to major depressive disorder (MDD) have been unsuccessful despite exhaustive mapping attempts. Consequently, behavioral geneticists have turned to the study of genetic polymorphisms in establishing a predisposition to depression and in shaping the response to environmental stressors. Perlis and coworkers (2007) found a strong association between variation at the CREB1 locus and anger expression in MDD. The most extensive studies in this field have focused on polymorphisms in the serotonin transporter (5-HTT) gene. Recent work has demonstrated that patients with a single nucleotide polymorphism on the long allele that entails an A-to-G transposition (LG) have low expression of 5-HT. The risk for major depression among hurricane survivors with either short or LG alleles was four to five times that of low-risk survivors. Although conflicting results have been reported with regard to these polymorphisms, a recent meta-analysis found that the 44bp Ins/Del short/long polymorphism was associated with MDD, whereas the VNTR intron 2 polymorphism was not. This study also reported significant associations for polymorphisms in the apolipoprotein E, guanine nucleotide binding protein, methylenetetrahydrofolate reductase, and dopamine transporter genes (López-León et al., 2008).


Behavioral genetics research based on diathesis-stress models of depression demonstrate that the risk of depression after a stressful event is enhanced in populations carrying genetic risk factors and is diminished in populations lacking such risk factors. A gene’s contribution to depression may be missed in studies that do not account for environmental interactions and may only be revealed when studied within the context of environmental stressors specifically mediated by that gene (Uher, 2008). Genotype-environment interactions are ubiquitous because genes not only impact the risk for depression by creating susceptibility to specific environmental stressors but also cause individuals to persistently place themselves in highly stressful environments.


The potential clinical relevance of neurogenesis in the adult mammalian brain represents the most recent major breakthrough in depression studies at the cellular neurobiological level. Imaging studies have demonstrated a 10% to 20% decrease in the hippocampal volume of human patients with chronic depression. Cell proliferation studies using 5-bromo-2′-deoxyuridine injection to label dividing cells show that antidepressants also lead to increased cell number in the mammalian hippocampus. This effect is seen with chronic but not acute treatment; the time course of the effect mirrors the known time course of the therapeutic action of antidepressants in humans (Czéh et al., 2001). Although a role for neurogenesis in the pathophysiology of depression appears to be a promising avenue of research, the relevance of animal studies described here remains controversial in the human (Reif et al., 2006).


Analysis at the systems level suggests that anterotemporal paralimbic and orbitofrontal regions are involved in mediating primary and acquired depression. Functional imaging studies of unmedicated patients with familial depression reveal increased CBF and glucose metabolism in the amygdala, orbital cortex, and medial thalamus and decreased CBF and glucose metabolism in the dorsomedial/dorsal anterolateral prefrontal cortex and anterior cingulate cortex (Charney and Manji, 2004). Damage to the prefrontal cortex from stroke or tumor, or to the striatum from degenerative diseases such as PD and HD, is associated with depression (Charney and Manji, 2004; Drevets, 2001). Functional imaging studies of subcortical disorders such as these reveal hypometabolism in paralimbic regions, including the anterotemporal cortex and anterior cingulate, which are correlated with depression seen in these patients (Ketter et al., 1996; Mayberg, 2003). Depression in PD, HD, and epilepsy has been correlated with reduced metabolic activity in the orbitofrontal cortex and caudatenucleus.


Mayberg (2003) proposed that primary depression is due to dysfunction in a network that includes two known pathways: the orbitofrontal–basal ganglia–thalamic circuit and the basotemporal limbic circuit that links the orbitofrontal cortex and the anterior temporal cortex by the uncinate fasciculus. Portions of this model are illustrated in Fig. 9.4. This has been expanded into a unifying depression circuit model that consists of four interconnected functional compartments. Each functional compartment consists of strongly interconnected anatomical structures upon which that compartment is dependent. Functional compartments are as follows: mood regulation (medial frontal, medial orbital-frontal and pregenu anterior cingulate cortex), mood monitoring (ventral striatum-caudate, amygdale, dorsomedial thalamus, midbrain-ventral tegmental area), interoception (subcallosal cingulated, ventral-anterior hippocampus, anterior insula, brain stem, hypothalamus) and exteroception (prefrontal, premotor, parietal, mid-cingulate and posterior cingulate cortices with dorsal-posterior hippocampus) (Mayberg, 2009).
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Fig. 9.4 Midline sagittal human brain. Frontal lobe, red; parietal lobe, dark blue; occipital lobe, green; temporal lobe, light blue; limbic cortex, orange. Thick black lines approximate a cortical-basal ganglia-thalamic-cortical loop (circuit) to the orbital frontal cortex.




Functional imaging studies of untreated depression have been extended to evaluate responses to pharmacological, cognitive-behavioral, and surgical treatments of depression. Clinical improvement after treatment with serotonin-specific reuptake inhibitors such as fluoxetine correlates with increased activity on PET in brainstem and dorsal cortical regions including the prefrontal, parietal, anterior, and posterior cingulate areas, and with decreased activity in limbic and striatal regions including the subgenual cingulate, hippocampus, insula, and pallidum (Mathew et al., 2003). These findings are consistent with the prevailing model for involvement of a limbic-cortical-striatal-pallidal-thalamic circuit in major depression. The same group has shown that imaging can be used to identify patterns of metabolic activity predictive of treatment response. Hypometabolism of the rostral anterior cingulate characterized patients who failed to respond to antidepressants, whereas hypermetabolism characterized responders. Dougherty and coworkers (2003) used PET to search for neuroimaging profiles that might predict clinical response to anterior cingulotomy in patients with treatment-refractory depression. Responders displayed elevated preoperative metabolism in the left prefrontal cortex and the left thalamus. A combination of functional imaging and pharmacogenomic technologies might allow subsets of treatment responders to be classified and predicted more precisely than with either technology alone. Goldapple and coinvestigators (2004) used PET to study the clinical response of cognitive-behavioral therapy in patients with unipolar depression and found increases in hippocampus and dorsal cingulate and decreases in dorsal, ventral, and medial frontal cortex. The authors speculate that the same limbic-cortical-striatal-pallidal-thalamic circuit is involved but that differences in the direction of metabolic changes may reflect different underlying mechanisms of action of cognitive-behavioral therapy (CBT) and selective serotonin reuptake inhibitors (SSRIs).









Clinical Symptoms and Signs Suggesting Neurological Disease


Many neurological conditions have associated psychiatric symptoms. Psychiatrists and neurologists need to be intimately acquainted with features of the clinical history and examination that indicate the need for further investigation. Box 9.3 outlines some key features that have historically suggested an underlying neurological condition. Box 9.4 (online only at www.expertconsult.com) reviews some key areas of the review of systems that can be helpful when assessing for neurological and medical causes of psychiatric symptoms. Table 9.3 (online only at www.expertconsult.com) reviews abnormalities in the elemental neurological examination associated with diseases that can exhibit significant neuropsychiatric features.





Box 9.3 Historical Features Suggesting Neurological Disease in Patients with Psychiatric Symptoms






Presence of Atypical Psychiatric Features







Late or very early age of onset


Acute or subacute onset


Lack of significant psychosocial stressors


Catatonia


Diminished comportment


Cognitive decline


Intractability despite adequate therapy


Progressive symptoms












History of Present Illness Includes







New or worsening headache


Inattention


Somnolence


Incontinence


Focal neurological complaints such as weakness, sensory changes, incoordination, or gait difficulty


Neuroendocrine changes


Anorexia/weight loss












Patient History







Risk factors for cerebrovascular disease, or central nervous system infections


Malignancy


Immunocompromise


Significant head trauma


Seizures


Movement disorder


Hepatobiliary disorders


Abdominal crises of unknown cause


Biological relatives with similar diseases or complaints












Unexplained Diagnostic Abnormalities







Screening laboratories


Neuroimaging studies or possibly imaging of other systems


Electroencephalogram


Cerebrospinal fluid

















Box 9.4 Review of Systems with Possible Neuropsychiatric Relevance and Related Neurological Conditions







General:



Weight loss (neoplasia, drug abuse)



Decreased energy level (MS, neoplasia)



Fever/chills (occult systemic or CNS infection)



Arthritis (vasculitis, connective tissue disease, Lyme disease)


Head:



New-onset headaches or change in character/severity (many conditions)



Trauma (subdural hematoma, contusion, postconcussive syndrome)


Eyes:



Chronic visual loss (can predispose to visual hallucinations)



Episodic visual loss (amaurosis fugax)



Diplopia (brainstem pathology or cranial nerve lesions)


Ears:



Hearing loss (can predispose to auditory hallucinations and paranoia)


Nose:



Anosmia (head trauma, olfactory groove meningioma, neurodegenerative diseases such as Alzheimer and Parkinson disease)


Mouth:



Oral lesions (nutritional deficiency, seizure, inflammatory disease)


Neck:



Stiffness (meningitis)


Skin:



Rash (vasculitis, Lyme disease, sexually transmitted diseases)



Birthmarks (phakomatoses)


Cardiovascular:



Heart disease (ischemic cerebral vascular disease)



Hypertension (ischemic cerebral vascular disease)



Cardiac arrhythmia (cerebral emboli)


Motor:



Focal weakness (ALS, stroke, mass lesion[s])



Gait dysfunction (hydrocephalus, cerebellar/degenerative movement disorders, confusional states)


Autonomic:



Vomiting (neurodegenerative disorder–related dysautonomia, porphyria)



Constipation (dysautonomia)



Urinary retention or incontinence (dysautonomia, various forms of hydrocephalus, dementias)



Impotence (dysautonomia)





ALS, Amyotrophic lateral sclerosis; CNS, central nervous system; MS, multiple sclerosis.





Table 9.3 Neurological Abnormalities Suggesting Diseases Associated with Psychiatric Symptoms






	Examination Abnormalities

	Disease(s) or Underlying Etiology






	Vital signs:

	 






	Marked hypertension

	Hypertensive encephalopathy, serotonin syndrome, neuroleptic malignant syndrome, preeclampsia






	Tachypnea

	Delirium due to systemic infection






	Hypoventilation

	Hypoxia, alcohol withdrawal, sedative intoxication






	Behavior:

	 






	Alien hand syndrome

	Corticobasal ganglionic degeneration






	Cranial nerves:

	 






	Visual field deficit

	Stroke, mass, MS, lupus






	Pupils:

	 






	Argyll Robertson

	Neurosyphilis






	Unilateral dilation

	Brain herniation, porphyria






	Horner syndrome

	Stroke, carotid disease, demyelinating disease






	Ophthalmoplegia:

	 






	Vertical gaze palsy

	PSP






	Mixed

	Wernicke-Korsakoff syndrome, chronic basilar meningitis






	Cornea: Kayser-Fleischer rings

	Wilson disease






	Lens: cataracts

	Chronic steroids, Down syndrome






	Fundi:

	 






	Papilledema

	Intracranial mass lesion, MS






	Optic pallor

	MS, porphyria, Tay-Sachs






	Extrapyramidal

	Parkinson disease, DLB, HD, stroke, WD, numerous others






	Cerebellar

	Alcohol, hereditary degenerative ataxias, paraneoplastic, medication toxicity






	Motor neuron

	ALS, FTD with motor neuron disease






	Peripheral nerve

	Adrenomyeloneuropathy, metachromatic leukodystrophy, B12 deficiency, porphyria






	Gait:

	 






	Apraxia

	Normal pressure hydrocephalus, frontal network dementias






	Spasticity

	Stroke, MS






	Bradykinesia

	Multiinfarct dementia, PD, PSP, DLB







ALS, Amyotrophic lateral sclerosis; DLB, dementia with lewy bodies; HD, Huntington disease; MS, multiple sclerosis; PSP, progressive supranuclear palsy; WD, Wilson disease.









Psychiatric Manifestations of Neurological Disease


Virtually any process that affects the neuroanatomical circuits described earlier can result in behavioral changes and psychiatric symptoms at some point. Psychiatric symptoms may be striking and precede any neurological manifestation by years. Table 9.4 (online only at www.expertconsult.com) lists conditions that can be associated with psychosis or depression. Box 9.5 summarizes some key points from the preceding discussion. A general overview and discussion of a number of major categories of neurological and systemic conditions with prominent neuropsychiatric features follows. More detailed information regarding the evaluation, natural history, pathology, and specific treatment recommendations for these conditions is beyond the scope of this chapter.





Box 9.5 Key Points







1. Affective and psychotic disorders may occur as a result of neurological disease and be indistinguishable from the idiopathic forms.


2. Neuropsychiatric and cognitive dysfunction can be correlated with altered functioning in anatomical regions.


3. Cortical processing of sensory information proceeds from its point of entry through association areas with progressively more complex interconnections with other regions having sensory, memory, cognitive, emotional, and autonomic information, resulting ultimately in perceptual recognition and emotional meaning for experiences.


4. Frontosubcortical circuits are heavily involved in cognitive and behavioral functioning. Disruption of frontal circuits at the cortical or subcortical level by various processes can be associated with similar neuropsychiatric symptoms.


5. Features of the patient’s clinical history and examination can be suggestive of a medical or neurological cause of psychiatric symptoms.


6. Many medical and neurological conditions are associated with neuropsychiatric symptoms. Each condition may carry unique implications for prognosis, treatment, and long-term management.











Table 9.4 Selected Neurological and Systemic Causes of Depression and/or Psychosis






	Category

	Disorders






	Head trauma

	Traumatic brain injury






	 

	Subdural hematoma






	Infectious

	Lyme disease






	 

	Prion diseases






	 

	Neurosyphilis






	 

	Viral infections/encephalitides (HIV infection/encephalopathy, herpes encephalitis, cytomegalovirus, Epstein-Barr virus, etc.)






	 

	Whipple disease






	 

	Cerebral malaria






	 

	Encephalitis






	 

	Systemic infection






	Inflammatory

	Systemic lupus erythematosus






	 

	Sjögren syndrome






	 

	Temporal arteritis






	 

	Hashimoto encephalopathy






	 

	Sydenham chorea






	 

	Sarcoidosis






	Neoplastic

	Primary or secondary cerebral neoplasm






	 

	Systemic neoplasm






	 

	Pancreatic cancer






	 

	Paraneoplastic encephalitis






	Endocrine/acquired metabolic

	Hepatic encephalopathy






	 

	Uremic encephalopathy






	 

	Dialysis dementia






	 

	Hypo/hyperparathyroidism






	 

	Hypo/hyperthyroidism






	 

	Addison disease/Cushing disease






	 

	Postpartum






	 

	Vitamin deficiency: B12, folate, niacin, vitamin C






	 

	Gastric bypass associated nutritional deficiencies






	 

	Hypoglycemia






	Vascular

	Stroke






	 

	Multiinfarct dementia






	 

	Central nervous system vasculitis






	 

	Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL)






	Degenerative

	Alzheimer disease






	 

	Lewy body disease






	 

	Frontotemporal dementias






	 

	Parkinson disease






	 

	Progressive supranuclear palsy






	 

	Huntington disease






	 

	Corticobasal ganglionic degeneration






	 

	Multisystem atrophy/striatonigral degeneration/olivopontocerebellar atrophy






	 

	Idiopathic basal ganglia calcifications/Fahr disease






	Demyelinating/dysmyelinating

	Multiple sclerosis






	 

	Acute disseminated encephalomyelitis






	 

	Adrenoleukodystrophy






	 

	Metachromatic leukodystrophy






	Inherited metabolic

	Wilson disease






	 

	Tay-Sachs disease






	 

	Adult neuronal ceroid lipofuscinosis






	 

	Niemann-Pick type C






	 

	Acute intermittent porphyria






	 

	Mitochondrial encephalopathy, lactic acidosis and stroke-like episodes






	Epilepsy

	Ictal






	 

	Interictal






	 

	Postictal






	 

	Forced normalization






	 

	Post epilepsy surgery






	Medications

	Analgesics






	 

	Androgens






	 

	Antiarrhythmics






	 

	Anticonvulsants






	 

	Anticholinergics






	 

	Antibiotics






	 

	Antihypertensives






	 

	Antineoplastic agents






	 

	Corticosteroids






	 

	Dopamine agonists






	 

	Oral contraceptives






	 

	Sedatives/hypnotics






	 

	Steroids






	Drugs of abuse

	Alcohol






	 

	Amphetamines






	 

	Cocaine






	 

	Hallucinogens






	 

	Marijuana






	 

	MDMA (Ecstasy)






	 

	Phencyclidine






	Drug withdrawal syndromes

	Alcohol






	 

	Barbiturates






	 

	Benzodiazepines






	 

	Amphetamines






	Toxins

	Heavy metals






	 

	Inhalants






	Other

	Normal pressure hydrocephalus






	 

	Ionizing radiation exposure






	 

	Decompression sickness











Stroke and Cerebral Vascular Disease


Stroke is the leading cause of neurological disability in the United States and one of the most common causes of acquired behavioral changes in adults. The neuropsychiatric consequences of stroke depend on the location and size of the stroke, preexisting brain pathology, baseline intellectual capacity and functioning, age, and premorbid psychiatric history. Neuropsychiatric symptoms may occur in the setting of first strokes and multiinfarct dementia. In general, interruption of bilateral frontotemporal lobe function is associated with an increased risk of depressive and psychotic symptoms. Specific stroke-related syndromes such as aphasia and visuospatial dysfunction are beyond the scope of this chapter, so only the abnormalities in mood and emotion after stroke will be discussed. A common misconception is that depressive symptoms can be explained as a response to the associated neurological deficits and impairment in function. Evidence supports a higher incidence of depression in stroke survivors than occurs in persons with other equally debilitating diseases. Minor depression is more closely related to the patient’s elemental deficits. Emotional and cognitive disorders may occur independently of or in association with sensorimotor dysfunction in stroke. Poststroke depression (PSD) is the most common neuropsychiatric syndrome, occurring in 30% to 50% of survivors at 1 year, with irritability, agitation, and apathy often present as well. About half of patients with depressive symptoms will meet criteria for a major depressive episode. Onset of depression within the first few weeks after a stroke is most commonly associated with lesions affecting the frontal lobes, especially the prefrontal cortex and head of the caudate. The frequency and severity of depression increase with closer proximity to the frontal poles. Left prefrontal lesions are more apt to be associated with acute depression and may be complicated by aphasia, resulting in the patient’s inability to express the symptoms. Mania is much less common but occurs usually in relation to lesions of the right hemisphere. Single manic events as well as recurrent manic and depressive episodes have been reported. Nondominant hemispheric strokes may also result in aprosody without associated depression. Currently, the standard treatment of PSD remains supportive psychotherapy and pharmacotherapy.


Psychosis or psychotic features may present as a rare complication of a single stroke, but the prevalence of these features is not well established. Manifestations may include paranoia, delusions, ideas of reference, hallucinations, or psychosis. Paranoia and psychosis have been reported in association with left temporal strokes that result in Wernicke aphasia. Other regions producing similar neuropsychiatric symptoms include the right temporoparietal region and the caudate nuclei. Right hemispheric lesions may also be more associated with visual hallucinations and delusions. Reduplicative paramnesia and misidentifications syndromes such as Capgras syndrome and Fregoli syndrome have also been reported. Reduplicative paramnesia is a syndrome in which patients claim that they are simultaneously in two or more locations. It has been observed to occur in patients with combined lesions of frontal and right temporal lobe but has also been described as due to temporal-limbic-frontal dysfunction (Moser et al., 1998). Capgras syndrome is the false belief that someone familiar, usually a family member or close friend, has been replaced by an identical-appearing imposter. It has been proposed that this results from right temporal-limbic-frontal disconnection resulting in a disturbance in recognizing familiar people and places (Feinberg et al., 1999). In Fregoli syndrome, the patient believes a persecutor is able to take on a variety of faces, like an actor. Psychotic episodes can also be a manifestation of complex partial seizures secondary to stroke. Patients with poststroke psychosis are more prone to have comorbid epilepsy than poststroke patients without associated psychosis. Lesions or infarcts of the ventral midbrain can result in a syndrome characterized by well-formed and complex visual hallucinations referred to as peduncular hallucinosis. Obsessive-compulsive features have also been reported with strokes. These symptoms have been postulated to be due to dysfunction in the orbitofrontal-subcortical circuitry (Saxena et al., 1998).


Consensus criteria for accurately diagnosing vascular cognitive impairments and dementia are lacking (Bowler and Gorelick, 2009; Wiederkehr et al., 2008). The vascular cognitive impairments can be conceptualized as being made up of three groups: vascular dementia, mixed vascular dementia and AD pathology, and vascular cognitive impairment not meeting criteria for dementia. These conditions may have variable contributions from mixed forms of small-vessel disease, large-vessel disease, and cardioembolic disease, which accounts for the clinical phenotypic heterogeneity. AD pathology is commonly found in association with cerebrovascular disease pathology, leading to uncertainty with respect to the relative contributions of each in some cases. A temporal relationship between a stroke and the onset of dementia or a stepwise progression of cognitive decline with evidence of cerebrovascular disease on examination and neuroimaging are considered most helpful. No specific neuroimaging profile exists that is diagnostic for pure cerebrovascular disease-related dementia. Vascular dementia may present with prominent cortical, subcortical, or mixed features. Cortical vascular dementia may manifest as unilateral sensorimotor dysfunction, abrupt onset of cognitive dysfunction and aphasia, and difficulties with planning, goal formation, organization, and abstraction. Subcortical vascular dementia often affects frontosubcortical circuitry, resulting in executive dysfunction, cognitive slowing, difficulties with abstraction, apathy, memory problems (recognition and cue recognition relatively intact), working memory impairment, and decreased ability to perform activities of daily living. Memory difficulties tend to be less severe than in AD. Limited data suggest that cholinesterase inhibitors are beneficial for treatment of vascular dementia, as demonstrated by improvements in cognition, global functioning, and performance of activities of daily living.









Infectious


An expansive list of infections could be generated that result in behavioral changes during early, middle, or late phases of illness or as a result of treatments or subsequent opportunistic infections. This portion will only focus on a few salient examples with contemporary relevance and illustrative complexity.






Human Immunodeficiency Virus


Individuals infected with HIV can be affected by a variety of neuropsychiatric and neurological problems independent of opportunistic infections and neoplasms. These include cognitive impairment, behavioral changes, and sensorimotor disturbances. Psychiatrists and neurologists must anticipate a spectrum of psychiatric phenomena that can include depression, paranoia, delusions, hallucinations, psychosis, mania, irritability, and apathy. HIV-associated dementia (HAD) is the term given to the syndrome that presents with bradyphrenia, memory decline, executive dysfunction, impaired concentration, and apathy. These features are compatible with a subcortical dementia with prominent dysfunction in the frontal-basal ganglia circuitry (Woods et al., 2004). Minor cognitive motor disorder (MCMD) refers to a milder form of this syndrome that has become more common since the advent of highly active antiretroviral therapy (HAART). HAD may be the acquired immunodeficiency virus syndrome (AIDS)-defining illness in up to 10% of patients. It has been estimated to occur in 20% to 30% of untreated adults. HAART has reduced its frequency by approximately 50%, but the frequency of pathologically proven HIV encephalitis remains high.


Lifetime prevalence of depression in HIV-positive individuals is 22% to 45%, with depressed individuals demonstrating reduced compliance with antiretroviral therapy and increased HIV-related morbidity. Antidepressants have been efficacious in treating HAD (Himelhoch and Medoff, 2005). Psychostimulants may also be a helpful adjunct in treating HAD. Evidence suggests that HIV-infected patients with new-onset psychosis usually respond well to typical neuroleptic medications, but they are more sensitive to the side effects of these medications, particularly extrapyramidal symptoms and tardive dyskinesias. This sensitivity is thought to be due to HIV’s effect on the basal ganglia, resulting in a loss of dopaminergic neurons. When prescribing typical neuroleptics, caution is warranted owing to this sensitivity and the additional possible pharmacological interactions with antiretroviral medications. Atypical neuroleptics are favored.


HAART and other medications used in HIV patients can have neuropsychiatric side effects. For example, the nucleoside reverse transcriptase inhibitor, zidovudine (AZT), may lead to mania, delirium, or depression. Moreover, many medications used in the treatment of HIV inhibit or induce the cytochrome P450 system, thereby altering psychotropic drug levels. Therefore, drug interactions in HIV patients with psychiatric disorders are common and require close monitoring.









Creutzfeldt-Jakob Disease


Prion diseases are a group of fatal degenerative disorders of the nervous system caused by a conformational change in the prion protein, a normal constituent of cell membranes. They are characterized by long incubation periods followed by relatively rapid neurological decline and death (Johnson, 2005). Creutzfeldt-Jakob disease (CJD) is the most common human prion disease but is rare, with an incidence of between 0.5 and 1.5 cases per million people per year. The sporadic form of the disease accounts for about 85% of cases, typically occurs later in life (mean age, 60 years), and manifests with a rapidly progressive course characterized by cerebellar ataxia, dementia, myoclonus, seizures, and psychiatric symptoms progressing to akinetic mutism and complete disability within months after disease onset. Psychiatric symptoms such as personality changes, anxiety, depression, paranoia, obsessive-compulsive features, and psychosis occur in about 80% of patients during the first 100 days of illness (Wall et al., 2005). About 60% present with symptoms compatible with a rapidly progressive dementia. The mean duration of the illness is 6 to 7 months.


The autosomal dominant familial form of CJD accounts for 10% to 15% of cases, and iatrogenically caused cases account for about 1%. New-variant CJD is a new form of acquired spongiform encephalopathy that emerged in 1994 in the United Kingdom. This form has been linked with consumption of infected animal products. Patients with the new variant have a different course characterized by younger age at onset (mean age, 29 years), prominent psychiatric and sensory symptoms, and a longer disease course. (Spencer and colleagues, 2002) reported that 63% demonstrated purely psychiatric symptoms at onset (dysphoria, anxiety, anhedonia), 15% had purely neurological symptoms, and 22% had features of both. Median duration of illness was 13 months, and by the time of death, prominent neurological and psychiatric manifestations were universal.









Neurosyphilis


A resurgence of neurosyphilis has accompanied the AIDS epidemic in the industrialized world. Neurosyphilis may occur in any stage of syphilis. Early neurosyphilis, seen in the first weeks to years of infection, is primarily a meningitic process in which the parenchyma is not typically involved. It can coexist with primary or secondary syphilis and be asymptomatic. Inadequate treatment of early syphilis and coinfection with HIV predispose to early neurosyphilis. Epidemiological studies in HIV-positive patients have documented increased HIV shedding associated with genital ulcers, suggesting that syphilis increases the susceptibility of infected persons to HIV acquisition and transmission (Golden et al., 2003). Symptomatic early neurosyphilis may present with meningitis, with or without cranial nerve involvement or ocular changes, meningovascular disease, or stroke. Late neurosyphilis affects the meninges, brain, or spinal cord parenchyma and usually occurs years to decades after primary infection. Manifestations of late neurosyphilis include tabes dorsalis, a rapidly progressive dementia with psychotic features, or general paresis, or both. Dementia as a symptom of neurosyphilis is unlikely to improve significantly with treatment, yet the course of the illness can be arrested. Presenting psychiatric symptoms of neurosyphilis can include personality changes, hostility, confusion, hallucinations, expansiveness, delusions, and dysphoria. Symptoms also reported in association with neurosyphilis include explosive temper, emotional lability, anhedonia, social withdrawal, decreased attention to personal affairs, unusual giddiness, histrionicity, hypersexuality, and mania. A significant incidence of depression has been associated with general paresis.


There is no uniform consensus for the best approach to diagnosing neurosyphilis. Diagnosis usually depends on various combinations of reactive serological tests, cerebral spinal fluid (CSF) cell count or protein, CSF Venereal Disease Research Laboratories (VDRL) testing, and clinical manifestations. Some authorities argue that all patients with syphilis should have CSF examination, since asymptomatic neurosyphilis can only be identified by changes in the CSF. The CSF VDRL is the standard serological test for CSF and is highly specific but insensitive. When reactive in the absence of substantial contamination of CSF with blood, it is usually considered diagnostic. Its titer may be used to assess the activity of the disease and response to treatment. Two tests of CSF may be used to confirm a diagnosis of neurosyphilis: Treponema pallidum hemagglutination assay (TPHA) and fluorescent treponemal antibody absorption (FTA-ABS) assay. No single serology screen is perfect for diagnosing neurosyphilis. Other indicators of disease activity include CSF abnormalities such as elevated white blood cell count, elevated protein, and increased gamma globulin (IgG) levels. Treatment of neurosyphilis consists of a regimen of aqueous penicillin G, 18 to 24 million units/day, administered as 3 to 4 million units intravenously (IV) every 4 hours, or continuous infusion for 10 to 14 days. An alternative treatment is procaine penicillin G, 2 to 4 million units intramuscularly (IM) daily, with probenecid, 500 mg orally (PO), both daily for 10 to 14 days. A common recommendation to ensure an adequate response and cure is to repeat CSF studies 6 months after treatment.












Metabolic and Toxic


Essentially any metabolic derangement, if severe enough or combined with other conditions, can adversely affect behavior and cognition (Table 9.5). Metabolic disorders should remain within the differential diagnosis when evaluating patients with psychiatric symptoms.




Table 9.5 Metabolic Disorders That May Cause Psychiatric and Neurological Symptoms
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Thyroid Disease


Hypothyroidism results from a deficiency in circulating thyroxine (T4). It can result from impaired function at the level of the hypothalamus (tertiary hypothyroidism), the anterior pituitary (secondary hypothyroidism), or the thyroid gland (primary hypothyroidism, the most common cause of hypothyroidism). Neurological symptoms and signs can include headache, fatigue, apathy, inattention, slowness of speech and thought, sensorineural hearing loss, sleep apnea, and seizures. Some of these symptoms may be mistaken for depression. Hypothyroidism can worsen or complicate the course of depression, resulting in a seemingly refractory depression. More rare findings include polyneuropathy, cranial neuropathy, muscle weakness, psychosis (referred to as myxedema madness), dementia, coma, and death. Psychosis typically presents with paranoid delusions and auditory hallucinations.


Hyperthyroidism may be due to a number of causes that produce increased serum T4. With mild hyperthyroidism, patients are typically anxious, irritable, emotionally labile, tachycardic, and tremulous. Other symptoms can include apathy, depression, panic attacks, feelings of exhaustion, inability to concentrate, and memory problems. When apathy and depression are present, the term apathetic hyperthyroidism is often used. Thyroid storm results from an abrupt elevation in T4, often provoked by a significant stress such as surgery. It can be associated with fever, tachycardia, seizures, and coma; if untreated, it is often fatal. Psychosis and paranoia frequently occur during thyroid storm but are rare with milder hyperthyroidism, as is mania. Many patients usually will experience complete remission of symptoms 1 to 2 months after a euthyroid state is obtained, with a marked reduction in anxiety, sense of exhaustion, irritability, and depression. Some authors, however, report an increased rate of anxiety in patients, as well as persistence of affective and cognitive symptoms for several months to up to 10 years after a euthyroid state is established.


Hashimoto encephalopathy is a rare disorder involving thyroid autoimmunity. Antibodies associated with this condition include antithyroid peroxidase antibodies (previously known as antithyroid microsomal antibodies) and antithyroglobulin antibodies. The clinical syndrome may manifest with a progressive or relapsing and remitting course consisting of tremor, myoclonus, transient aphasia, stroke-like episodes, psychosis, seizures, encephalopathy, hypersomnolence, stupor, or coma. Encephalopathy usually develops over 1 to 7 days. The underlying mechanism of Hashimoto encephalopathy is unknown, and importantly, thyroid-stimulating hormone levels can be normal in this disorder. CSF most often shows an elevated protein level with almost no nucleated cells, whereas oligoclonal bands are often present. The EEG is abnormal in almost all cases, showing generalized slowing or frontal intermittent rhythmic delta activity. Triphasic waves, focal slowing, and epileptiform abnormalities may also be seen. MRI of the brain is often normal but may reveal hyperintensities on T2-weighted or fluid-attenuated inversion recovery (FLAIR) imaging in the subcortical white matter or at the gray/white matter junction. SPECT may show regions of hypoperfusion. The neurological and psychiatric symptoms respond well to treatment, which generally involves high-dose steroids. The associated abnormal findings on EEG, and often the MRI abnormalities, resolve with effective treatment.









Wilson Disease


Wilson disease (WD), also known as hepatolenticular degeneration, is an autosomal recessive disorder produced by a mutation on chromosome 13. The gene encodes a transport protein, the mutation of which causes abnormal deposition of copper in the liver, brain (especially the basal ganglia), and the cornea of the eyes. WD typically begins in childhood but in some cases has its onset as late as the fifth or sixth decade. About one-third of patients present with psychiatric symptoms, one-third present with neurological features, and one-third present with hepatic disease. Neurological manifestations are largely extrapyramidal, including chorea, tremor, and dystonia. Other symptoms include dysphagia, dysarthria, ataxia, gait disturbance, and a fixed (sardonic) smile. Seizures may also occur in a minority of patients. Potential neuropsychiatric symptoms are numerous, with at least half of patients manifesting symptoms early in the disease course. Personality and mood changes are the most common neuropsychiatric features, with depression occurring in approximately 30% of patients. Bipolar disorder occurs in about 20% of patients. Suicidal ideation is recognized in about 5% to 15%. WD patients can present with increased sensitivity to neuroleptics. Other symptoms include irritability, aggression, and psychosis. Cognitively, the profile is consistent with disturbance of frontosubcortical systems. Even long-term-treated WD patients develop psychiatric symptoms in about 70% of cases (Srinivas et al., 2008; Svetel et al., 2009).


Diagnosis is suggested by identification of Kayser-Fleischer (KF) rings in patients with the appropriate clinical picture. The KF ring is a yellow-brown discoloration of the Descemet membrane in the limbic area of the cornea, best visualized with slit-lamp examination. A KF ring is present in 98% of patients with neurological disease and in 80% of all cases of WD. Reduced serum ceruloplasmin levels and elevated 24-hour urine copper excretion are consistent with this disorder. A liver biopsy is sometimes necessary to make the diagnosis. MRI studies may show abnormal T2 signal in the putamen, midbrain, pons, thalamus, cerebellum, and other structures. Atrophy is commonly present. The initial treatment for symptomatic patients is chelation therapy with either penicillamine or trientine. An estimated 20% to 50% of patients with neurological manifestations treated with penicillamine experience an acute worsening of their symptoms. A portion of these patients do not recover to their pretreatment neurological baseline. Alternatives that may have a lower incidence of neurological worsening include trientine or tetrathiomolybdate. Both may be used in combination with zinc therapy. Treatment of presymptomatic patients or maintenance therapy of successfully treated symptomatic patients can be accomplished with a chelating agent or zinc. Early treatment may result in partial improvement of the MRI changes as well as well as most of the neurological and psychiatric symptoms.









Vitamin B12 and Folic Acid Deficiency


The true prevalence of vitamin B12 deficiency in the general population is unknown. The Framingham study demonstrated a prevalence of 12% among elderly persons living in the community. Other studies have suggested that the incidence may be as high as 30% to 40% among the sick and institutionalized elderly. The most common sign of vitamin B12 deficiency is macrocytic anemia. However, signs and symptoms attributed to the nervous system are diverse and can occur in the absence of anemia or macrocytosis. Furthermore, a normal serum cobalamin level does not exclude the possibility of a clinical deficiency. Serum homocysteine levels, which are elevated in more than 90% of deficiency states, and serum methylmalonic acid levels can be used to verify deficiency states in the appropriate settings.


Subacute combined degeneration (SCD) refers to the combination of spinal cord and peripheral nerve pathology associated with vitamin B12 deficiency. Patients often complain of unsteady gait and distal paresthesias. The examination may demonstrate evidence of posterior column, pyramidal tract, and peripheral nerve involvement. Cognitive, behavioral, and psychiatric manifestations can occur in isolation or together with the elemental signs and symptoms. Personality change, cognitive dysfunction, mania, depression, and psychosis have been reported. Prominent psychotic features include paranoid or religious delusions and auditory and visual hallucinations. Dementia is often comorbid with cobalamin deficiency; however, the causative association is unclear. There is little research data to support the existence of reversible dementia due to B12 deficiency. Cobalamin deficiency–associated cognitive impairment is more likely to improve when impairment is mild and of short duration. Folate deficiency can produce a clinical picture similar to cobalamin deficiency, although some investigators report that folate deficiency tends to produce more depression, whereas vitamin B12 deficiency tends to produce more psychosis. Elevated serum homocysteine is also seen with a functional folate deficiency state wherein folate utilization is impaired. Repletion of folate if comorbid vitamin B12 deficiency is not first corrected can result in an acute exacerbation of the neuropsychiatric symptoms.









Porphyrias


The porphyrias are caused by enzymatic defects in the heme biosynthetic pathway. Porphyrias with neuropsychiatric symptoms include acute intermittent porphyria (AIP), variegated porphyria (VP), hereditary mixed coproporphyria (HMP), and plumboporphyria (extremely rare and autosomal recessive), which may give rise to acute episodes of potentially fatal symptoms such as neurovisceral crisis, abdominal pain, delirium, psychosis, neuropathy, and autonomic instability. AIP, the most common type reported in the United States, follows an autosomal dominant pattern of inheritance and is due to a mutation in the gene for porphobilinogen deaminase. The disease is characterized by attacks that may last days to weeks, with relatively normal function between attacks. Infrequently, the clinical course may exhibit persisting clinical abnormalities with superimposed episodes of exacerbation. The episodic nature, clinical variability, and unusual features may cause symptoms to be attributed to somatization, conversion, or other psychiatric conditions. Attacks may be spontaneous but are typically precipitated by a variety of factors such as infection, alcohol use, pregnancy, anesthesia, and numerous medications that include antidepressants, anticonvulsants, and oral contraceptives.


Porphyric attacks usually manifest with a triad consisting of abdominal pain, peripheral neuropathy, and neuropsychiatric symptoms. Seizures may also occur. Abdominal pain is the most common symptom, which can result in surgical exploration if the diagnosis is unknown. A variety of cognitive and behavioral changes can occur, including anxiety, restlessness, insomnia, depression, mania, hallucinations, delusions, confusion, catatonia, and psychosis. The diagnosis can be confirmed during an acute attack of AIP, HMP, or VP by measuring urine porphobilinogens. Acute attacks are treated with avoidance of precipitating factors (e.g., medications), IV hemin, IV glucose, and pain control.









Drug Abuse


Common neurological manifestations are broad and include the direct effects of intoxication, side effects, and withdrawal syndromes, as well as indirect effects. Direct effects can range from somnolence with sedatives to psychosis from hallucinogens. Side effects may be as severe as stroke or vasculitis from stimulant abuse. Withdrawal may be lethal as in the case of alcohol withdrawal and delirium tremens. Indirect effects can occur as a result of trauma, such as head injury, suffered while under the influence. Substance abuse has a high comorbidity with a variety of psychiatric conditions. Neuropsychiatric manifestations occur with abuse of all classes of drugs and are summarized in Box 9.6 (online only at www.expertconsult.com). The behavioral and cognitive manifestations of substance abuse may be transient but in a vulnerable subset of individuals may be chronic. Growing evidence suggests that drug use (e.g., 3,4-methylenedioxymethamphetamine [MDMA, “Ecstasy”]) may promote the development of chronic neuropsychiatric states such as depression and impaired cognition due to changes in structural and functional neuroanatomy (Montoya et al., 2002a). Although Cannabis use seems to be neither a sufficient nor a necessary cause of psychosis, it does confer an increased relative risk for developing schizophrenia later in life (Arseneault et al., 2004).








Box 9.6 Potential Behavioral and Cognitive Manifestations of Substance Abuse







Depression


Panic attacks


Anxiety


Hallucinations


Delusions


Paranoia


Mania


Depersonalization


Disinhibition


Impulsivity


Cognitive deficits:



Attention



Calculation



Executive tasks



Memory


Fatigue


Sedation


















Autoimmune






Systemic Lupus Erythematosus


Systemic lupus erythematosus (SLE, lupus) is a multisystem inflammatory disorder that affects all ages, although young females are at a significantly elevated risk. CNS involvement is common, with clinical manifestations seen at some point during their disease course in up to 90% of patients. Primary neurological and psychiatric manifestations of SLE are likely due to a mixture of pathogenic mechanisms that include vascular abnormalities, autoantibodies, and the local production of inflammatory mediators. Secondary neurological and psychiatric manifestations occur as a result of various therapies (e.g., immunosuppression with steroids) or complications of the disease.


Neuropsychiatric symptoms are common, often episodic, and may occur in association with steroid treatment, which creates significant dilemmas in management. Depression and anxiety each occur in approximately 25% of SLE patients. Reports of the prevalence of overall mood disturbances range between 16% and 75%, and reports of anxiety disorders occur in 7% to 70%. Psychosis is more rare and tends to occur in the context of confusional states. Its overall prevalence has been reported to range from 5% to 8%. The incidence of psychotic symptoms in patients receiving prednisone doses between 60 mg and 100 mg/day is approximately 30%. These symptoms are reported to respond favorably to reduction in steroid dose and psychotropic management. Focal or generalized seizures may occur in the setting of active generalized SLE or as an isolated event. The prevalence of seizures ranges from 3% to 51%. Cognitive manifestations of SLE including temporary, fluctuating, or relatively stable characteristics eventually occur in up to 75% of patients; these manifestations range from mild attentional difficulties to dementia. In some patients, cognitive performance improves with resolution of any concurrent psychiatric disturbances. Cerebrovascular disease may underlie nonreversible cognitive dysfunction and when progressive may cause atrophy and multiinfarct dementia. Many patients with cognitive impairment have no demonstrable vascular lesions on neuroimaging. Cognitive impairment may manifest as subcortical features with deficits in processing speed, attention, learning and memory, conceptual reasoning, and cognitive flexibility. Reports of the prevalence of subclinical cognitive impairment range from 11% to 54% of patients. A number of brain-specific antibodies have been studied as potential diagnostic markers of psychosis associated with neuropsychiatric SLE (NPSLE), but none appear to be specific (Kimura et al., 2010). SLE patients identified as having a persistently positive immunoglobulin (Ig)G anticardiolipin antibody over a 5-year period have been demonstrated to have a greater reduction in psychomotor speed than antibody-negative SLE patients. Patients with a persistently elevated IgA anticardiolipin antibody level have been demonstrated to have poorer performance on tests of conceptual reasoning and executive function than antibody-negative SLE patients. Elevated IgG and IgA anticardiolipin antibody levels may be causative or a marker of long-term subtle deterioration in cognitive function in SLE patients. However, their role in routine evaluation and management remains controversial. Cerebrovascular disease is a well-known cause of neuropsychiatric dysfunction and is reported to occur in 5% to 18% of SLE patients.


The criteria set most widely used for diagnosing SLE is that developed by the American College of Rheumatology (ACR). An antinuclear antibody (ANA) titer to 1 : 40 or higher is the most sensitive of the ACR criteria and is present in up to 99% of persons with SLE at some point in their illness. The ANA, however, is not specific. It can be positive in several other rheumatological conditions as well as in relation to some medication exposures. There is also a significant incidence of false-positive tests. Anti–double-stranded DNA and anti-Smith antibodies, particularly in high titers, have high specificity for SLE, although their sensitivity is low. The rapid plasma reagin (RPR) test, a syphilis serology, may be falsely positive.


Treatment of NPSLE includes corticosteroids and immunosuppressive therapy, including pulse IV cyclophosphamide or plasmapheresis when NPSLE is thought to occur secondary to an inflammatory process. Anticoagulation is used in patients with thrombotic disease in the setting of antiphospholipid antibody syndrome.









Multiple Sclerosis


Multiple sclerosis is an inflammatory demyelinating disease that manifests the pathological hallmark findings of multifocal demyelinated plaques in the brain and spinal cord. MS lesions are typically disseminated throughout the CNS, with a predilection for the optic nerves, brainstem, spinal cord, cerebellum, and periventricular white matter. Its cause remains unknown but is thought to be an immune-mediated disorder affecting individuals with a genetic predisposition. The heterogeneity of clinical, pathological, and MRI findings suggest involvement of more than one pathological mechanism. It is the leading cause of nontraumatic disability among young adults. Socioepidemiological studies indicate that MS leads to unemployment within a 10-year disease course in as many as 50% to 80% of patients. Females are more affected than males at a 2 : 1 ratio. It is characterized either by attacks of neurological deficits with variable remittance or by a steady progressive course of neurological decline. Neuropsychiatric manifestations of MS are common, occurring in up to 60% of patients at some point in their disease. The lifetime prevalence of major depression in MS is approximately 50%. The lifetime prevalence of bipolar disorder is twice the prevalence in the general population. Euphoria may be present in more advanced MS, usually in association with cognitive deficits. Pseudobulbar affect—defined as outbursts of involuntary, uncontrollable, stereotypical episodes of laughing or crying—occurs in varying degrees of severity in approximately 10% of patients. Other symptoms include anxiety, sleep disorder, emotional lability/irritability, apathy, mania, suicidality, and rarely psychosis. Occasionally, psychiatric symptoms may present as the major manifestation of an episode of demyelination. The presence of psychiatric symptomatology does not preclude the use of steroids to abbreviate clinical attacks of MS. There is presently ongoing debate about whether interferon therapy is associated with a higher incidence of depression in MS patients. Pharmacological and behavioral treatment mirrors the management of depression and psychosis in patients without MS.


Cognitive impairment is found in approximately 40% of patients. Deficits have been described in working, semantic, and episodic memory as well as in the person’s ability to accurately assess his or her own memory function. Patients may also suffer from impaired attention, cognitive slowing, reduced verbal fluency, and difficulties with abstract reasoning and concept formation. Correlations between cognitive impairment and MRI location of lesions and indices of total lesion area have been noted. There is little data on the treatment of cognitive dysfunction in MS. The disease-modifying agent interferon beta-1a was noted to be associated with improvements in information-processing and problem-solving abilities over a 2-year longitudinal study. A small trial demonstrated an improvement in complex attention, concentration, and visual memory in a group of patients treated for 1 year with interferon beta-1b compared with controls (Barak and Achiron, 2002). Donepezil, 10 mg daily, has been reported to improve verbal learning and memory in some MS patients.












Neoplastic


A variety of neoplasms cause cognitive and behavioral disorders. Of particular relevance are mass lesions and paraneoplastic syndromes. Mass lesions can be single or multiple and can be primary to the CNS or metastatic. The most common intracranial primary tumors are astrocytomas (e.g., glioblastoma multiforme), meningiomas, pituitary tumors, vestibular schwannomas, and oligodendrogliomas. Common metastatic tumors include primary lung and breast tumors, melanoma, and renal and colon cancers. The number of patients presenting with a primary psychiatric diagnosis secondary to an unidentified brain tumor is likely to be less than 5%. However, 15% to 20% of patients with intracranial tumors may present with neuropsychiatric manifestations before the development of primary neurological problems such as motor or sensory deficits. The behavioral manifestations of mass lesions are diverse and related to a number of factors including direct disruption of local structures or circuits, rate of growth, seizures, and increased intracranial pressure. A relationship between tumor location and specific psychiatric symptoms has not been established. Meningiomas, given their slow growth over years, are classic examples of tumors that can present solely with behavioral manifestations. Common locations include the olfactory groove and sphenoid wings, which can disrupt adjacent limbic structures such as the orbital frontal gyri and medial temporal lobes.


Paraneoplastic syndromes represent remote nonmetastatic manifestations of malignancy. Neurological paraneoplastic syndromes are primarily immune-mediated disorders that may develop as a result of antigens shared between the nervous system and tumor cells. The most common primary malignancies that promote neurological paraneoplastic syndromes are ovarian and small-cell lung cancer (SCLC). These syndromes generally develop subacutely, often before the primary malignancy is identified, and may preferentially involve selected regions of the CNS. Typical sites of involvement include muscle, neuromuscular junction, peripheral nerve, cerebellum, and limbic structures. Limbic encephalitis, associated with SCLC and testicular cancer, produces a significant amnestic syndrome and neuropsychiatric symptoms including agitation, depression, personality changes, apathy, delusions, hallucinations, and psychosis. Complex partial and generalized seizures may also occur. Relevant markers include: (1) intracellular paraneoplastic antigens such as Hu, associated with SCLC, and Ta and Ma-2, associated with testicular cancer and (2) cell membrane antigens such as the N-methyl-d-aspartate receptor and voltage-gated potassium channels (Graus et al., 2010; Hoffmann et al., 2008). Paraneoplastic disorders are often progressive and refractory to therapy, although in some cases significant improvement follows tumor resection and immunotherapy. Significant neuropsychiatric sequelae can arise from the various chemotherapeutic and radiation therapies used for cancer treatment.









Degenerative


Neuropsychiatric symptoms are common in most degenerative disorders that produce significant dementia. The individual presentations of such symptoms are related to a number of factors specific to the disease: location of lesion burden, rate of progression of disease, and factors specific to the individual (e.g., premorbid personality, education level, psychiatric history, social support system, and coping skills). Neurodegenerative diseases are increasingly recognized as involving abnormalities of protein metabolism. About 70% of dementias in the elderly and more than 90% of neurodegenerative dementias can be linked to abnormalities of three proteins: β-amyloid, α-synuclein, and τ. Disorders of protein metabolism have associated neuroanatomical regions of vulnerable cell populations that are related to the clinical manifestations. AD, for example, has associated disorders of β-amyloid, τ, and α-synuclein metabolism that involve specific anatomical regions. PD, dementia with Lewy bodies (DLB), and multisystem atrophies are synucleinopathies. α-Synuclein is the main component of Lewy bodies, which are a major histological marker seen in PD and DLB. In these disorders, Lewy bodies may be found in the substantia nigra, locus ceruleus, nucleus basalis, limbic system, and transitional and neocortex. Frontotemporal dementia, progressive supranuclear palsy (PSP), and corticobasal ganglionic degeneration implicate abnormal τ metabolism in their pathogenesis. Tauopathies are associated with selective involvement of the frontal and temporal cortex and frontosubcortical circuitry. Table 9.6 lists associated regions of vulnerability and neuropsychiatric symptoms.




Table 9.6 Correlations of Neuropsychiatric Symptoms to Regions of Vulnerability in Neurodegenerative Disorders
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Alzheimer Disease and Mild Cognitive Impairment


Neuropsychiatric symptoms of AD may include paranoia, agitation, aggression, delusions, hallucinations, anxiety, apathy, social withdrawal, reduced speech output, reduction or alteration of long-standing family relationships, and loss of sense of humor. A review of 100 cases of autopsy-proven AD demonstrated that 74% of patients had behavioral symptoms detected at the time of the initial evaluation. Symptoms included apathy (51%), hallucinations (25%), delusions (20%), depressed mood (6.6%), verbal aggression (36.8%), and physical aggression (17%). The presence of behavioral symptoms at the initial evaluation was associated with greater functional impairment not directly related to their cognitive impairments. Depressive symptoms, dysphoria, or major depression eventually occur in approximately half of patients. Psychosis has been reported to occur in 30% to 50% of patients at some time during the course of the illness, more commonly in the later stages. Mania occurs in less than 5%. Behavioral changes have been shown to be problematic and to precipitate earlier nursing home placement. Social comportment has been viewed as being relatively spared in AD, but subtle personality changes occur in nearly every individual over time. Significant impairment in the ability to recognize facial expressions of emotion and an inability to repeat, comprehend, and discriminate affective elements of language have been reported. It has been hypothesized that 15% of AD patients may have a frontal variant wherein they present with difficulties attributable to frontal lobe circuitry rather than an amnestic syndrome. Impairments in driving ability (Dawson et al., 2009) and decision-making abilities such as medical decision making (Okonkwo et al., 2008) and financial management (Marson et al., 2009) may be present even in early AD.


Atypical antipsychotic drugs are widely used to treat psychosis, aggression, and agitation in patients with AD. Their benefits are uncertain, and concerns about safety have emerged. Adverse effects may offset advantages in the efficacy of atypical antipsychotic drugs for the treatment of psychosis, aggression, or agitation in AD patients. Limited evidence suggests that electroconvulsive therapy (ECT) may be effective for management of agitation (Sutor and Rasmussen, 2008).


The concept of mild cognitive impairment (MCI) was developed to characterize a population of individuals exhibiting symptoms that are between normal age-related cognitive decline and dementia. These patients have a very slight degree of functional impairment and minimal decline from their prior level of functioning and therefore do not meet criteria for dementia. MCI was initially defined as a condition of memory impairment beyond what was expected for age, in the absence of impairments in other domains of cognitive functioning such as working memory, executive function, language, and visual-spatial ability. This concept has since evolved and now includes a total of four subtypes of impairment that are not of sufficient severity to warrant the diagnosis of dementia. The second type of MCI, called amnestic multiple domain, is associated with memory impairment plus impairment in one or more other cognitive domains. The third subtype is called nonamnestic single domain, and the fourth is known as nonamnestic multiple domain MCI. In many cases, the natural history of these subtypes leads to different endpoint conditions. Combining the clinical syndrome with the presumed cause may allow for reliable prediction of outcome of the MCI syndrome. When associated with only memory impairment, MCI may represent normal aging or depression or progress to AD. Amnestic MCI–multiple domains has a higher association with depression or progression to AD or vascular dementia. Nonamnestic single-domain MCI may have a higher likelihood of progression to frontal temporal dementia. Nonamnestic multiple-domain MCI may have a higher likelihood of progression to Lewy body dementia or vascular dementia (Petersen and Negash, 2008).


In 2008, it was estimated that more than 5 million people in the United States older than age 71 had MCI. The prevalence of MCI among persons younger than age 75 has been estimated to be 19% and for those older than 85 years, 29%. Almost a third of these individuals have amnestic MCI which may to progress to AD at a rate of 10% to 15% per year. The conversion rate of amnestic MCI to dementia over a 6-year period may be as high as 80%. Neuropsychiatric symptoms are common in persons with MCI. Depression occurs in 20%, apathy in 15%, and irritability in 15%. Increased levels of agitation and aggression are also present. Almost half of MCI patients demonstrate one of these neuropsychiatric symptoms coincident with the onset of cognitive impairment. Impaired awareness of memory dysfunction may also be present to a degree comparable to that found in persons with early AD. Evidence suggests that persons with MCI have an increased risk of motor vehicle accidents when risk factors such as a having a history of driving citations, crashes, reduced driving mileage, situational avoidance, or aggression or impulsivity are present. Difficulties with medical decision making have also been identified in some individuals with MCI (Okonkwo et al., 2008).









Frontotemporal Dementia


Frontotemporal dementia (FTD), the most common progressive focal cortical syndrome, is characterized by atrophy of the frontal and anterotemporal lobes. Age at presentation is usually between 45 and 65 years (almost invariably before age 65), and reports of its incidence range from being equal in males and females to (more recently) predominating in males by a ratio of 14 : 3. The prevalence of FTD is equal to that of AD for early-onset (age < 65) dementia. Behavioral features include apathy, social withdrawal, disinhibition, impulsivity, poor insight, anosognosia, obsessive tendencies, inappropriate sexual behavior, agitation, delusions, hallucinations, and psychosis. Elements of the Klüver-Bucy syndrome may be present. Memory and language are usually spared during the early disease course. Depressive symptoms occur in 30% to 40% of patients. SSRIs are somewhat effective in treating behavioral symptoms but are less effective in treating cognitive symptoms. About 30% of patients with FTD have a positive family history, and first-degree relatives of patients have a 3.5 times higher risk of developing dementia. Genes known to be mutated in this disorder include those encoding microtubule-associated protein τ and progranulin.









Idiopathic Parkinson Disease


Neuropsychiatric manifestations of PD are common. Depression is the most common psychiatric symptom, with a reported prevalence of 25% to 50%. Establishing the diagnosis of depression is complicated by the presence of comorbid confounding symptoms including dementia, facial masking, bradykinesia, apathy, and hypophonia. Menza et al. (2009) conducted a placebo-controlled trial in PD patients with depression and found that nortriptyline was efficacious, but paroxetine was not. Psychosis is also particularly prevalent and generally related to dopaminergic agents. The onset of motor impairment almost always precedes that of psychosis. Hallucinations, usually fleeting and nocturnal, are typically visual and occur in 30% of treated patients. Auditory and olfactory hallucinations, however, are rare. Visual hallucinations are associated with impaired cognition, use of anticholinergic medications, and impaired vision. In contrast to the hallucinations associated with DLB, patients with PD generally have at least partial insight into the nature of their hallucinations. Delusions occur less commonly and are often persecutory in nature. Management is complicated by neuroleptic sensitivity to both typical and atypical agents. Typical neuroleptics should be avoided. Novel atypical neuroleptics with potentially more favorable pharmacological properties, such as quetiapine and clozapine, may have theoretical advantages over other agents for treating PD. Evidence suggests that clozapine is effective, quetiapine may be effective, and olanzepine is not effective. Impulse-control disorders including pathological gambling, binge-eating, compulsive sexual behavior and buying are associated with dopamine agonist treatment in PD (Weintraub et al., 2010).


Many PD patients will develop dementia 10 years or more after the onset of motor symptoms. Up to 80% of PD patients will eventually develop frank dementia, a majority of whom will show comorbid AD pathology. Initial deficits may include cognitive slowing, memory retrieval deficits, attentional difficulties, visual-spatial deficits, and mild executive impairments. In advanced disease, memory encoding and storage can become impaired. Primary language difficulties are not involved until the disease has significantly progressed. Some evidence suggests that patients with an akinetic-dominant form of PD with hallucinations are at higher risk of developing dementia than patients with a tremor-dominant form who have no hallucinations. Dementia is a major prognostic factor for progressive disability and nursing home placement. In a placebo-controlled trial, rivastigmine (a cholinesterase inhibitor) has been shown to produce moderate but significant improvements in global ratings of dementia, cognition, and behavioral symptoms in patients with mild to moderate PD. Open-label drug data suggest that all three cholinesterase inhibitors may be effective.









Dementia with Lewy Bodies


By some accounts, DLB is the second most common cause of dementia. The revised consensus criteria for the clinical diagnosis of DLB reiterate dementia as an essential feature for the diagnosis of DLB occurring before or concurrently with parkinsonism. Criteria developed for research purposes to distinguish DLB from PD with dementia use an arbitrary period of 1 year within which the occurrence of dementia and extrapyramidal symptoms suggests the diagnosis of possible DLB. If the clinical history of parkinsonism is longer than 1 year before dementia occurs, a diagnosis of PD with dementia is more accurate. Deficits of attention, executive function, and visuospatial ability may be prominent. These deficits may be worse in DLB than in patients with AD. Prominent or persistent memory impairment may not necessarily occur in the early stages but is usually evident with progression. Memory impairment is a less prominent feature than in AD. According to the revised consensus criteria, two core features are sufficient for the diagnosis of probable DLB and one feature for the diagnosis of possible DLB. Core features include fluctuating cognition, recurrent visual hallucinations, and spontaneous features of parkinsonism. Other suggestive and supportive features associated with DLB include delusions, hallucinations in other modalities, rapid eye movement (REM) sleep behavior disorder, depression, severe neuroleptic sensitivity, autonomic dysfunction, repeated falls/syncope, and episodes of unexplained transient loss of consciousness.


Hallucinations are characteristically seen early in the disease course and are persistent and recurrent. Visual hallucinations tend to occur early in the illness, are typically well formed and complex, and occur in 50% to 80% of patients. Auditory hallucinations occur in approximately 30% of patients and olfactory hallucinations in 5% to 10% of patients. Delusions may be systematized and are present in 50% of patients over the course of the disease. Psychotic symptoms are common and occur in the absence of medications. Depression is estimated to be nearly as common as that in AD. Treatment is complicated by hypersensitivity to the adverse effects of antidopaminergic neuroleptic agents (both typical and atypical). Typical agents should be avoided. Novel atypical neuroleptics with potentially more favorable pharmacological properties (e.g., quetiapine and clozapine) may have theoretical advantages over other agents in treating DLB as with PD. Cholinesterase inhibitors are helpful for managing neuropsychiatric symptoms and may be beneficial for treating fluctuating cognitive impairment and improving global functioning and activities of daily living.









Huntington Disease


Huntington Disease is a degenerative disorder of autosomal dominant inheritance resulting from an expanded trinucleotide (cytosine-adenine-guanine [CAG]) repeat on chromosome 4. Symptoms typically develop during the fourth or fifth decade, initially manifesting with neurological features, psychiatric features, or both. Neurologically, patients often demonstrate generalized chorea, motor impersistence, and oculomotor dysfunction. In the juvenile form, the Westphal variant, early parkinsonian features are prominent, as are seizures, ataxia, and myoclonus. Significant cognitive impairment is inevitable and is often present early in the disease. Features of a subcortical dementia are present with involvement of frontosubcortical circuits. Common features include cognitive slowing, memory retrieval deficits, attentional difficulties, and executive dysfunction. Patients often lack awareness of their chorea and their cognitive and emotional deficits. Psychiatric features such as personality changes, apathy, irritability, and depression are common. Depression may be exacerbated by tetrabenazine used for the treatment of chorea, since this drug is a dopamine-depleting agent. Psychosis may occur in up to 25% of patients with HD. Anxiety and obsessive tendencies also occur (Phillips et al., 2008).









Epilepsy


Behavioral and cognitive dysfunction is frequently observed in patients with epilepsy and represents an important challenge in treating these patients. A complex array of factors influence the neuropsychiatric effect of epilepsy: cause, location of epileptogenic focus, age at onset, duration of epilepsy, nature of the epilepsy syndrome, seizure type, frequency, medications used for treatment, and psychosocial factors. Epilepsies that develop subsequent to brain trauma and stroke may be associated with cognitive and behavioral changes due to brain injury quite apart from those associated with the secondary seizures. The localization of an epileptogenic focus is also an important determinant of cognitive deficits. For example, temporal lobe epilepsy may be associated with memory defects, and frontal lobe epilepsy may be associated with performance deficits in executive functioning. Behavioral disturbances are most common with complex partial seizures and seizures involving foci in the temporolimbic structures. The age of onset can affect cognitive and behavioral functioning; onset of epilepsy before 5 years of age appears to be a risk factor for a lower intelligence quotient (IQ). Attention-deficit hyperactivity disorder, inattentive type, has been observed to be 2.5 times more common in children younger than 16 years with newly diagnosed unprovoked seizures than in controls. Behavioral symptoms may be more prominent in later-onset seizures. Duration of epilepsy and seizure type and frequency are other factors that affect cognition and behavior. Individuals with generalized tonic-clonic seizures may have greater associated cognitive impairment than that observed in persons with partial seizures, and compared with patients experiencing fewer seizures, those who experience repeated generalized tonic-clonic seizures generally have increased cognitive impairment. A single seizure can be associated with postictal attentional deficits lasting 24 hours or longer. Antiepileptic medications add another level of complexity to management by introducing their associated side effects, which may include impairment of working memory, slowed cognitive processing, language disturbances, and behavioral changes. Anticonvulsants have been reported to be associated with a host of effects on sleep such as insomnia, alterations of sleep architecture, and in some cases, worsening of sleep disordered breathing (barbiturates and benzodiazepines). These may all adversely affect cognition. On the other hand, anticonvulsants may reduce seizure activity, interictal activity, and arousals from sleep, thereby contributing to improved cognitive function.


Cognitive adverse side effects are more prominent in patients receiving polytherapy and have been noted to improve with a switch to monotherapy. It is estimated that more than 60% of patients with epilepsy meet diagnostic criteria for at least one psychiatric disorder during their lifetime. Depression is the most common symptom, occurring with an estimated prevalence of 11% to 44%. Precise information regarding the prevalence and incidence of depression in patients with epilepsy is unavailable owing to the heterogeneity of patient populations studied and studies not distinguishing between depressive symptoms and depressive disorder. The prevalence of psychosis is estimated at between 2% and 8%. Other prominent psychiatric symptoms associated with epilepsy include anxiety, aggression, personality disorders, and panic disorders. Mania is considered rare. When evaluating mood disorder symptoms or psychosis in a patient with epilepsy, it is important to take into account the chronological relationship of the seizures with the symptoms. Conceptually, these symptoms can be classified into peri-ictal or preictal, ictal, postictal, and interictal. Paradoxically, depression or psychosis can follow remission of epilepsy, either after epilepsy surgery or the initiation of effective antiepileptic drug therapy, as part of the phenomenon of forced normalization. Peri-ictal or preictal dysphoric or depressive syndromes frequently precede a seizure. They may last hours to days and resolve with the occurrence of the seizure or persist for hours to days afterward. Peri-ictal depressive symptoms are more common in focal seizures than in generalized seizures. Ictal depressive symptoms occur in approximately 10% of temporal lobe epilepsy patients. Ictal depression is most often characterized by a sudden onset of symptoms independent of outside stimuli. No associated hemispheric lateralization of the epileptic focus has been clearly demonstrated. Anxiety is the most common ictal psychiatric symptom. Treatment of preictal and ictal depressive symptoms does not usually require antidepressant therapy. Treatment should be directed at reducing the frequency of seizures.


The prevalence of postictal depression has not been established. Patients with poorly controlled simple focal seizures have been reported to have postictal depressive symptoms averaging approximately 37 hours. After a seizure, depressive symptoms have been known to last up to 2 weeks with some reports, suggesting increased suicide risk. Investigation of patients with postictal depression has revealed unilateral frontal or temporal foci without hemispheric predominance. Interictal depression is considered the most common type of depression in epileptic patients. Its estimated prevalence ranges from 20% to 70%, depending on the patient group characteristics. Episodic major depression and dysthymia are common, whereas bipolar affective symptoms are rare. Interictal depressive symptoms are often chronic and less prominent than those of MDD, resulting in patients not reporting their symptoms and healthcare providers not recognizing them. Treatment may be required for postictal depressive symptoms and usually is required for interictal depressive symptoms. Treatment should consist of an antidepressant medication and optimized seizure control. SSRIs have a lower risk of associated seizures and should be considered as first-line pharmacotherapy. Electroconvulsive therapy is not contraindicated in patients with epilepsy and should be considered for severe or treatment-refractory depression. The incidence of seizures in epilepsy patients after ECT is not increased compared to that in patients without epilepsy.


Psychosis is a rare primary manifestation of a seizure focus. When present, it is best treated by controlling the ictus and thus by antiepileptic medications. Psychosis may commonly manifest as a postictal phenomenon (representing approximately 25% of all psychosis associated with epilepsy). Diagnostic criteria for postictal psychosis (PIP) include (1) an episode of psychosis emerging within 1 week after the return of normal mental function following a seizure; (2) an episode length between 24 hours and 3 months; and (3) no evidence of EEG-supported nonconvulsive status epilepticus, anticonvulsant toxicity, previous history of interictal psychosis, recent head injury, or alcohol or drug intoxication. PIP may manifest affect-laden symptomatology. Commonly, there is a prompt response to low-dose antipsychotics or benzodiazepines. The annual incidence of PIP among patients who undergo inpatient video EEG monitoring was estimated to be approximately 6%. The prevalence of having experienced PIP among treatment-resistant partial epilepsy outpatients has been reported to be 7%. PIP is most commonly associated with temporal lobe epilepsy. Psychotic symptoms may include auditory, visual, or olfactory hallucinations. Abnormalities of thought content or form may include ideas of reference, paranoia, delusions, grandiosity, religious delusions, thought blocking, tangentiality, or loose associations. Manic symptoms may briefly occur in a minority of patients but are usually not of sufficient duration to meet criteria for a manic episode. In patients with temporal lobe epilepsy and PIP, studies have shown a higher incidence of bilateral cerebral injury or dysfunction, bilateral independent temporal region EEG discharges, and bifrontal and bitemporal hyperperfusion patterns on SPECT. These data suggest that bilateral cerebral abnormalities may be an important feature of PIP.


There has been speculation that PIP may sometimes be caused by complex partial (limbic) status (Elliott et al., 2009). When this is thought to be the case, acute therapy with antiepileptic medications would be advised, possibly in conjunction with antipsychotic medication. Risk factors for PIP include a cluster of seizures, insomnia within 1 week of onset of PIP (particularly within 1-3 days), epilepsy of more than 10 years’ duration, generalized tonic-clonic seizures or secondarily generalized complex partial seizures, prior episodes of PIP, prior psychiatric hospitalizations or a history of psychosis, bilateral independent seizure foci (particularly temporal), history of TBI or encephalitis, and low intellectual function. PIP is usually short-lived, lasting several days to weeks, but chronic psychosis may develop after recurrent episodes or even after a single episode. Research data are lacking for treatment of PIP, and recommendations are based on expert opinion. Recommendations include vigilant monitoring of patients with risk factors for PIP after a cluster of seizures, ensuring that there is not ongoing seizure activity, early implementation of antipsychotic medications (preferably atypical agents) after the emergence of symptoms, consideration of treatment after a cluster of seizures in patients with a history of PIP, and consideration of treatment with the emergence of sleeplessness, which can be a harbinger of PIP. PIP can respond to ECT, but it is rarely necessary to utilize this resource.


Interictal psychosis manifesting the positive psychopathological phenomena of schizophrenia has been felt to be more common in patients with temporolimbic foci. This idea has been recently challenged by a population-based study using a cohort comprising 2.27 million people derived from the Danish longitudinal registers. These data support the premise that all types of epilepsy increase the risk of developing schizophrenia or a schizophrenia-like psychosis. Furthermore, compared with the general population, persons with epilepsy have nearly 2.5 times the risk of developing schizophrenia and almost 3 times the risk of developing a schizophrenia-like psychosis. The risk for psychosis also increases with an increasing number of hospital admissions for epilepsy and with people first admitted for epilepsy at later ages. Some experts have suggested that interictal psychosis differs from primary psychosis insofar as the former tends to be associated with preserved affect, fewer negative symptoms, and arguably greater insight. The greatest similarities can be seen in the presence of positive symptoms such as thought disorder, delusions, and hallucinations. The underlying causal mechanism for the association of epilepsy with schizophrenia or schizophrenia-like psychosis is unknown, but it may have features in common with PIP and likely involves bilateral cerebral dysfunction within frontal subcortical circuits and probably temporal subcortical circuits as well. Treatment for PIP is based primarily on use of antipsychotic medications once status epilepticus has been diagnostically eliminated from consideration.


Treatment of epilepsy-related psychosis is complicated by the propensity of antipsychotics to cause paroxysmal EEG abnormalities (Centorrino et al., 2002) and induce seizures. EEG changes occur in the nonepileptic population treated with antipsychotics but in most circumstances are of little consequence. Studies defining the effects of neuroleptics on the EEG of persons with epilepsy are lacking. The potential for increasing seizures has led to some anxiety about the use of antipsychotics in individuals with epilepsy. In most circumstances, the risk of increasing seizures is considered low, but formal studies investigating the efficacy of antipsychotic medications for treating epilepsy-related psychosis and the risks for precipitating seizures are lacking. The specific causes and characteristics of a given epilepsy have to be considered carefully, as these may increase risk. Seizure potential is generally dose related, so high-dose therapy should be avoided. Careful monitoring of anticonvulsants is advised. The lowest possible effective dose should be used, medications selected carefully, and psychiatric polypharmacy avoided if possible, since this may increase the risk of seizures. Seizure risk is particularly increased with use of clozapine and chlorpromazine. Potential problems with antipsychotic treatment in persons with epilepsy include pharmacokinetic interactions due to common metabolism with P450 isoenzymes, as well as side effects (sedation, weight gain, hyperlipidemia, decreased glycemic control, hematotoxicity, and hepatotoxicity).












Traumatic Brain Injury


Each year approximately 1.7 million people in the United States sustain a TBI. It is estimated that 80% of these are of mild severity, and the remaining 20% are about evenly split between moderate and severe injuries. The leading causes of TBI in the United States are motor vehicle accidents, falls, assaults, and recreational accidents. The wars in Iraq and Afghanistan have increased the numbers of injuries suffered by U.S. military personnel; 15% to 20% of military and civilian personnel serving in these theaters have experienced mild TBI during their deployments.


The pathological correlates of moderate to severe TBI are numerous and particular to the types and mechanisms of injuries suffered. Various types of pathology, which are often found in combinations, include penetrating wounds, depressed skull fractures, diffuse axonal injury (DAI), petechial hemorrhages, contusions, lacerations, hematomas (epidural, subdural, and intraparenchymal), subarachnoid hemorrhage, edema, herniation, and focal or diffuse hypoxic ischemic injury. Many of these specific types of injuries have their own prognosis and time course of recovery. Concussion or mild TBI occurs most frequently in young adults. There is no consensus about what clinical findings constitute mild TBI, with many practitioners advocating that loss of consciousness is not an absolute requirement. Others differ on the required duration of loss of consciousness, with ranges from 20 minutes to any event lasting less than 1 hour. Any traumatic process associated with a generalized alteration in cerebral function, including amnesia (retrograde or anterograde) or alteration in consciousness at the time of the accident, may be associated with brain injury. Persons who sustain a mild TBI often complain of a number of emotional/behavioral, cognitive, and physical symptoms, which can persist for months to years after the injury, and rarely may be permanent. Such symptoms can include anxiety, depression, irritability, mood lability, cognitive slowing, judgment problems, difficulty concentrating, memory problems, fatigue, sensitivity to noise, dizziness, and headaches. Postconcussive symptoms occur after moderate and severe TBI as well. It is estimated that 80% to 90% of persons sustaining a mild TBI make a favorable recovery. When symptoms persist, the patient is said to suffer from a postconcussive syndrome. The overall prevalence for postconcussive symptoms, self-limited and persistent at 3 months after injury, ranges from approximately 25% to 85%. Well-controlled research data are not available on optimal pharmacological management or rehabilitation strategies for post-TBI neuropsychiatric and cognitive difficulties. Limited evidence supports the effectiveness of methylphenidate for enhancing attention, processing speed, and memory function. Other medications such as d-amphetamine, amantadine, donepezil, levodopa, and bromocriptine may also have some benefit for treating symptoms that include attentional difficulties, cognitive slowing, poor initiation, aspects of poor memory, fatigue, or motor deficits. Cognitive rehabilitation may be helpful for management of attention and executive difficulties, as well as improving communication skills (Cicerone et al., 2009). Evidence-based reviews generally support holistic rehabilitation programs that support community reintegration, awareness of deficits, regulation of behavior and affect, improved physical and social function, and effective communication (Cernich et al., 2010). Psychiatric disorders occur at high rates in TBI patients, with criteria for axis I disorders (as defined by the DSM-IV-TR) being met in 50% to 80% of patients in a community sample of patients with a mixed level of severity. Axis II disorders were identified in 25% to 65% of patients (Price, 2004; Warriner and Velikonja, 2006). Axis I disorders include major mood and anxiety disorders, schizophrenia, and other psychoses; axis II disorders include major personality disorders and other maladaptive personality features. Psychiatric symptoms have been observed to occur immediately after injury up to decades later. It is likely that a complex interplay of factors results in the particular cognitive and psychiatric manifestations in a given individual. These factors include the nature and severity of the neurological injury, premorbid personality and cognition, preexisting psychiatric illness, substance abuse history, family psychiatric history, educational level, occupational status, coping strategies, age at injury, stressors, support systems, and the possibility of psychological or financial gains.


Post-TBI depression occurs in up to 60% of patients, with comorbid anxiety and aggressive behavior being common. Both right and left hemispheric lesions have been implicated. SSRIs are most commonly prescribed and may be helpful for management of depression, irritability, agitation, and aggression. CBT may decrease depression, anxiety, and anger and improve problem-solving skills (Silver et al., 2009). TBI-associated hypomania and mania have also been observed, although at much lower frequencies. Psychosis in association with TBI has a reported incidence ranging from 0.7% to 20%. Reliable incidence and prevalence information is unavailable. An increased risk of developing chronic psychosis has been observed in individuals suffering severe diffuse brain injury involving the temporal and frontal lobes. Patients undergoing evaluation for potential TBI-related psychosis need to be carefully distinguished from those with preexisting psychotic symptoms and schizophrenia. The mean delay to the onset of psychotic symptoms after injury has been reported to be about 4 years (Guerreiro et al., 2009). The latency of the injury to the onset of symptoms has been reported to range from 2 days to 48 years. Delusions occur in more than 75%, and hallucinations occur in almost 50% of patients. Approximately 70% of affected individuals were noted to have abnormal findings on EEG. Neuropsychological testing demonstrated abnormalities in almost 90%. Psychosis in the majority of patients eventually improves with antipsychotics.









Depression-Related Cognitive Impairment


Depression-related cognitive impairment (DRCI) refers to the complex pattern of cognitive impairment seen in association with affective disorders such as major depression. Several factors are thought to be helpful in distinguishing DRCI from dementia. Patients with DRCI tend to complain of memory and concentration problems, whereas demented patients often deny that problems exist despite impairment that is obvious to their family members. The distinction between dementia and DRCI is often difficult to achieve because of the increased comorbidity of affective disorders in MCI and dementias. More recent research has added considerable complexity to the considerations involved in evaluating persons with DRCI. It is widely accepted that during an episode of MDD, patients can show deficits on neuropsychological testing in several domains including selective and sustained attention, alertness as assessed by reaction time tasks, memory, verbal and nonverbal learning, problem solving, planning, and monitoring. Recent data suggest that some deficits, particularly attentional and executive dysfunctions, do not remit in a subset of patients and may increase with recurrent episodes of depression or as the MDD proceeds. It has been postulated that persistent impaired performance in MDD patients experiencing remission could have a trait character.


The neuropsychology of late-life depression is poorly understood and may have some different considerations than its counterpart earlier in life. Impairments on measures of word generation, visuoconstruction, short-term memory, visual memory, executive functioning, and psychomotor and information-processing speed have been reported. Successful treatment of depression results in improvement of cognitive performance yet not necessarily to premorbid levels, particularly in memory and executive domains. A growing body of evidence suggests that late-life depression associated with cognitive dysfunction is due to deficits in frontosubcortical circuitry. Neuroimaging findings suggest a relationship among late-onset depression, executive dysfunction, and white-matter hyperintensities, particularly in the frontal lobe deep white matter and caudate nucleus. Neuropsychological impairments in patients with major depressive symptoms predict a less favorable outcome with antidepressant therapy and cognitive behavior therapy.


Converging evidence suggests that late-onset depressive symptoms may be both a prodrome of and an independent risk factor for cognitive decline as seen in AD and vascular dementia (Saczynski et al., 2010). Late-onset depression is also a risk factor for MCI (Dotson et al., 2010). Four possible mechanisms may underlie the association between depression and dementia/MCI. First, depression may cause cognitive impairment. For example, depression produces excessive release of glucocorticoids which may lead to hippocampal damage. Second, depression may be an emotional reaction on the part of the patient to the onset of dementia. Third, an underlying neurodegenerative process may cause both the depression and the dementia. Fourth, there may be a synergistic interaction between depression and a neurodegenerative process that produces dementia. Although a causal relationship between depression and dementia is speculative at this time, future studies may distinguish between these four possible mechanisms (Geda, 2010).









Delirium


Delirium or acute confusional state is considered to be a subacute- to acute-onset disorder of attentional mechanisms that subsequently affect all other aspects of cognition. Three primary features include disturbance of vigilance, inability to maintain a coherent stream of thought, and difficulty or inability to carry out goal-directed movements. Disturbances in vigilance and behavior may manifest as hyperalertness, agitation, lethargy, or fluctuations in arousal. An impaired sleep/wake cycle is often seen and may be a presenting symptom. Other manifestations may include mild anomia, slurred speech, dysgraphia, dyscalculia, constructional deficits, perceptual distortions leading to illusions and hallucinations (which may be florid and frequently visual), tremor, myoclonus, asterixis, or gait imbalance. Delirium represents one of the most common causes of acute neuropsychiatric disturbances in the hospital setting and is often multifactorial in nature. Advanced age is an independent risk factor for its development, as are metabolic derangements, infections, medications, withdrawal syndromes, toxic exposures, major surgeries, head trauma, other CNS disease, and sensory deprivation (especially impaired eyesight). Focal damage to the following regions may also be associated with a confusional state: unilateral or bilateral fusiform gyri and lingual gyri, nondominant posteroparietal regions, and inferoprefrontal regions. A common comorbidity of delirium is underlying dementia that may or may not have been diagnosed previously. In these patients, return to their predelirium cognitive state may be prolonged or incomplete despite elimination of the offending factor(s). The EEG findings are almost always abnormal, with changes paralleling the degree of behavioral impairment. Early EEG changes show slowing of alpha rhythms, which may be succeeded by further slowing described as medium- to high-voltage generalized activity in the theta-delta range. Triphasic waves may be seen in a number of conditions that commonly include hepatic and renal encephalopathy. Fast rhythms superimposed on slow activity is characteristic of sedative-hypnotic drug ingestion. The EEG is an indispensable tool for diagnosing nonconvulsive status epilepticus causing acute confusional states. Resolution of delirium is reflected by a reversal of these changes, although resolution may lag behind recovery, particularly in the elderly.









Catatonia


Catatonia, once felt to be rare, has been reported to occur among psychiatric inpatients with a prevalence ranging from 7% to 30%. Up to 20% of catatonia in psychiatric inpatients is associated with mania, and 5% to 15% is associated with schizophrenia. In general, catatonia is characterized by motor abnormalities that occur in association with changes in thought, mood, and vigilance. The specific manifestations vary and commonly include mutism, stupor, stereotypies, mannerisms, diminished motor function (including waxy flexibility or rigidity), staring, negativism, automatic obedience, echopraxia, and echolalia. Stereotypies are purposeless repetitions of sounds, words, phrases, or movements. Unexplained foreign accents, whispered or robotic speech, and tiptoe walking have also been observed. There are two principal forms of catatonia: a hypokinetic retarded-stuporous variety and a hyperkinetic excited-delirious variety. Patients with the excited form can present with impulsive or combative behavior that may be difficult to distinguish from mania. If untreated, catatonia may progress to a malignant state marked by fever, hyperexcitability, and autonomic instability, which after several days can be followed by exhaustion, dehydration, coma, cardiac arrest, and death. Although the majority of catatonic patients have an underlying affective (most often mania) or psychotic disorder, some 10% to 20% have significant medical or neurological conditions that contribute to their catatonic state. Stroke, demyelinating disease, encephalitis, head trauma, medications, and CNS malignancy are individually associated with catatonia. Medical disorders that can result in catatonia include heat stroke, autoimmune disease, uremia, hyperthyroidism, diabetic ketoacidosis, porphyria, and Cushing disease. Catatonia has been reported in association with use of illicit recreational drugs, antipsychotics, and opiates, as well as withdrawal from benzodiazepines and dopaminergic drugs. Important considerations in the differential diagnosis include neuroleptic malignant syndrome, serotonin syndrome, and nonconvulsive status epilepticus. Treatment with IV benzodiazepines, IV sodium amobarbital, or ECT can result in dramatic improvement. Bilateral ECT is more effective than unilateral in patients who are febrile, delirious, or do not respond to benzodiazepines (Fink and Taylor, 2009).












Treatment Modalities


Persons with mild to moderate major depression may benefit equally from psychotherapy or medication. Patient preference remains the primary factor in choosing initial therapy. Severely depressed patients benefit more from antidepressant medication, alone or in combination with psychotherapy, than from psychotherapy alone. Three types of psychotherapeutic options have proven to be effective for treatment of depression: CBT, interpersonal therapy (IPT), and problem-solving therapy (PST). The aim of CBT is to modify thoughts and behaviors to yield positive emotions. It may help prevent relapse in patients with a history of recurrent depression. IPT requires the capacity for insight and targets conflicts and role transitions contributing to depression. In PST, patients learn to cope better with specific everyday problems.


Clinicians face a wide array of antidepressant drug options (Table 9.7). The most commonly prescribed drugs are the second-generation antidepressants: SSRIs, serotonin and norepinephrine reuptake inhibitors (SNRIs), and bupropion. First-generation antidepressants (tricyclic antidepressants [TCAs] and monoamine oxidase inhibitors [MAOIs]) offer similar effectiveness, but with more toxicity. Generally, TCAs are avoided because of considerable dry mouth, constipation, and dizziness. TCAs are relatively contraindicated in patients with coronary artery disease, congestive heart failure, and arrhythmias. They are also potentially fatal in overdose. MAOIs are also used infrequently, even by psychiatrists, because of the many dietary restrictions and the potential for hypertensive crisis. The selegiline patch (20-mg formulation) is a U.S. Food and Drug Administration (FDA)-approved MAOI that does not require dietary tyramine restrictions. Antidepressant selection is based on tolerability, safety, evidence of effectiveness in the patient or a first-degree relative, and cost. The goal of treatment is complete remission of symptoms and return to normal functioning. About 50% of patients achieve full remission with antidepressant therapy, while the other half achieves partial remission or are nonresponders. For the first episode, antidepressant treatment may take 1 to several months until remission is achieved, and medication should be continued for another 4 to 9 months. Some clinicians advocate treatment for at least 1 year to maintain remission for a full annual cycle of holidays and anniversaries. For patients older than 70 years who respond to an SSRI, consider treating for 2 years to prevent recurrence. Increasing the dose of the current medication or changing medications is often necessary. For a partial response, the dose of the initial agent should be maximized as tolerated before switching to another medication or adding a second drug. When a partial response continues, the clinician can refer for psychotherapy, change antidepressants, or augment treatment with bupropion, mirtazapine, or a nontraditional agent. Compared with withdrawing one drug and initiating another, combination therapy offers faster effects and avoidance of withdrawal symptoms when stopping the first agent. Combinations of MAOIs and either SSRIs or TCAs are not recommended because of an increased risk for serotonin syndrome (with confusion, nausea, autonomic instability, and hyperreflexia). Adding adjunctive atypical antipsychotics, psychostimulants, and thyroid hormone remains controversial. Antipsychotics added to SSRIs for treatment-resistant depression show some benefit but also carry significant risks, so their use should be limited to psychiatrists (Shelton and Papakostas, 2008). A Cochrane review of monotherapy treatment with psychostimulants (dexamphetamine, methylphenidate, methyl amphetamine, and pemoline) for moderate to severe depression found short-term improvement in depression symptoms and fatigue (Candy et al., 2008). A second review of 19 controlled trials on adults older than 65 years supported this recommendation for methylphenidate (Hardy, 2009).


Table 9.7 Medication Treatment for Depression






	Agent, Daily Dose*


	Benefits/Selected Side Effects






	First-Generation Antidepressants:

	As a class: dry mouth, dizziness, nausea, sedation, anticholinergic effects, orthostatic hypotension. Contraindicated with MAOIs. Do not use with prolonged QT interval. Use with caution in patients with cardiovascular disease or predisposition to urinary retention or narrow-angle glaucoma. Follow ECGs and orthostatic blood pressure changes.






	Amitriptyline, 25-300 mg

	May aid with sleep and treat neuropathic pain and migraines. Highly sedating and anticholinergic.






	Clomipramine, 25-250 mg

	Possibly useful in comorbid anxiety, panic disorders, and OCD.






	Desipramine, 25-300 mg

	 






	Imipramine, 25-300 mg

	 






	Protriptyline, 15-60 mg

	 






	MAOIs:

	As a class: hypertensive crisis, orthostatic hypotension, insomnia, agitation, sedation, weight change, dry mouth, urinary hesitancy, and sexual dysfunction. Special dietary restrictions except for selegiline patch. Potential severe drug-drug interactions.






	Phenelzine, 45-60 mg

	 






	Tranylcypromine, 30-50 mg

	 






	Selegiline transdermal patch, 6-12 mg/day

	 






	Second-Generation Antidepressants:

	Nausea, diarrhea, decreased appetite, nervousness, insomnia, somnolence, sweating, impaired sexual function; hyponatremia in the elderly.† Contraindicated with MAOIs. Potential for drug interactions with drugs metabolized in liver. Risk/benefit analysis needed in pregnancy.






	Bupropion, 200-300 mg

	NE/DA reuptake inhibitor. Less weight gain and fewer sexual side effects than other agents.






	(75-225mg)

	Lowers seizure threshold. Relatively contraindicated in patients with history of seizures, family history of seizures, or head trauma.






	Citalopram, 20-40 mg (10-40 mg)

	SSRI






	Escitalopram, 5-20 mg (5-10 mg)

	SSRI; similar to citalopram.






	Duloxetine, 30-120 mg

	SNRI; may be effective in comorbid pain and depression‡







	Fluoxetine, 20-40 mg (5-40 mg)

	SSRI; long half-life mitigates effects of missed doses. Withdrawal symptoms rare.






	Mirtazapine, 15-45 mg (7.5-30 mg)

	ARA; increased appetite and somnolence. Use caution with renal impairment. Avoid concomitant benzodiazepines and alcohol.






	Paroxetine, 20-40 mg (5-40 mg)

	SSRI; more weight gain and sexual adverse events. Withdrawal syndrome not uncommon.






	Sertraline, 50-150 mg (25-150 mg)

	SSRI






	Trazodone, 50-400 mg (50-225 mg)

	SRA/A; less effective in doses <300 mg. Somnolence, rare priapism in young men. Useful in low doses (50-100 mg) as a sleeping aid.






	Venlafaxine, 75-300 mg (50-225 mg)

	SNRI; higher incidence of nausea, vomiting, dry mouth, sexual side effects, and hypertension. Occasional hypertensive urgencies.







ARA, α2-Receptor antagonist; ECG, electrocardiogram; MAOI, monoamine oxidase inhibitor; NDRI, norepinephrine and dopamine reuptake inhibitor; OCD, obsessive compulsive disorder; SNRI, serotonin and norepinephrine reuptake inhibitor; SRA/A, serotonin receptor antagonists/agonists; SSRI, selective serotonin reuptake inhibitor.


* Dose range for geriatric patients is in parentheses.


† Wright, S.K., Schroeter, S., 2008. Hyponatremia as a complication of selective serotonin reuptake inhibitors. J Am Acad Nurse Pract 20, 47–51.


‡ Kroenke, K., Krebs, E.E., Bair, M.J., 2009. Pharmacotherapy of chronic pain: a synthesis of recommendations from systematic reviews. Gen Hosp Psychiatry 31, 206–19.


Studies are conflicting about the effectiveness of adding thyroid hormone (triiodothyronine [T3] and levothyroxine [T4]) to antidepressants. More research is needed before these therapies can be recommended. Augmentation with other nontraditional agents has also shown mixed results: omega-3 fatty acids added to sertraline in patients with coronary heart disease did not improve depressive outcomes (Carney et al., 2009). For seasonal depression, light therapy, 6000 to 10,000 lux for 30 to 90 minutes each morning may be helpful (Golden et al., 2005). Yoga, exercise (Mead et al., 2009), self-help books, and relaxation therapy (Morgan and Jorm, 2008) may also be useful. Specific types of side effects are more common with particular drugs and should guide choice of medications (see Table 9.7). Sexual side effects of SSRIs include decreased libido or interest (men and women), anorgasmia (women), and delayed ejaculation (men). To address these side effects, consider pretreatment counseling, switching to a drug with a different mechanism of action (e.g., bupropion, mirtazapine), or using sildenafil for SSRI-associated erectile dysfunction if there are no contraindications. Switching to bupropion can reduce undesired weight gain. Agitation or excessive activation may occur with fluoxetine and warrants a switch to a different SSRI.


Treatment for schizophrenia is most successful when antipsychotic medications are combined with psychological and social supports. These supports may include CBT, vocational interventions, and the use of multidisciplinary mental health professional teams who work with the patient and caregivers inside and outside the hospital to insure health and social care (van Os and Kapur, 2009). CBT may improve coping and reduce distress and affective symptoms associated with psychotic symptoms. Despite these interventions, about one-third may remain symptomatic. All antipsychotics share varying degrees of striatal D2 receptor blockade. The first-generation antipsychotics (e.g., haloperidol, perphenazine, chlorpromazine) possess equivalent efficacy but differ in potency and side effects. All potentially produce extrapyramidal symptoms (EPS), tardive dyskinesia, and hyperprolactinemia. The second-generation antipsychotics (e.g., clozapine, risperidone, olanzapine, quetiapine), also known as atypical antipsychotics, generally produce fewer EPS, less risk of tardive dyskinesia, and less hyperprolactinemia. Table 9.8 lists selected antipsychotic side effects. Some atypical antipsychotics such as clozapine and olanzapine have been associated with weight gain, impairment of glucose metabolism, and dyslipidemia. Clozapine has greater efficacy than first-generation drugs but requires regular blood test monitoring throughout the course of treatment owing to an increased risk for agranulocytosis (1%-4%). Risperidone is known for its association with hyperprolactinemia. The primary symptom targets for antipsychotics are psychotic symptoms, agitation, and negative symptoms (e.g., apathy, social withdrawal, diminished affect). Response times for psychotic symptoms may range from responding within hours of administration to several weeks of administration. Maximal response may require months. Some patients are nonresponders. Agitation responds well to most antipsychotics, but negative symptoms generally respond only modestly.




Table 9.8 Antipsychotic Side Effects


[image: image]








Electroconvulsive Therapy


MDD is the most common indication for ECT. The mechanisms by which this procedure alleviates depressive symptoms are not fully understood. Remission rates of 70% to 90% have been reported in clinical trials of ECT for MDD (Popeo, 2009). It is also an effective treatment for bipolar disorder but may uncommonly precipitate hypomania or mania. Suicidal thoughts respond favorably to ECT and are an indication for early transition from drug therapy. ECT is not routinely used for treatment of schizophrenia, but when combined with antipsychotic medications, it may result in improvement in 80% of drug-resistant chronic schizophrenia patients. Patients with mania also respond favorably to ECT. There are few absolute contraindications to ECT, but cardiac conditions may worsen and should be addressed. Conditions such as vascular aneurysms and aortic stenosis should preferably be repaired prior to ECT, but persons with such conditions have been reported to tolerate the procedure. Those with properly functioning cardiac pacemakers generally tolerate ECT well. Case reports of ECT performed on individuals with a recent cerebral infarction suggest a low complication rate and a favorable response to treatment. ECT has been successfully used in persons with mental retardation, MS, HD, arteriovenous malformations, and hydrocephalus. Patients with depression and PD may experience improvement of mood and motor symptoms with ECT. Some research supports the effectiveness of ECT for treatment of the core motor symptoms of PD (Popeo and Kellner, 2009). There is no evidence of structural brain damage due to ECT. Posttreatment memory difficulty (anterograde amnesia) is usually experienced during the course of ECT treatments but normally resolves within one month after the last treatment. Retrograde amnesia is more prominent for the events closer to the time of ECT treatment. Posttreatment confusion is variable and may be associated with bilateral electrode placement, high stimulus intensity, prolonged seizure activity, and inadequate oxygenation. There is controversy about whether unilateral electrode placement for ECT is as effective as bilateral placement. Several studies have shown equal efficacy so long as unilateral ECT is performed with a stimulus intensity well above seizure threshold (Lisanby, 2007). Studies also indicate a lower incidence of cognitive side effects with right unilateral electrode placement and electrical brief pulse waveform stimulus. There is uncertainty about the efficacy of ultra-brief pulse stimulus, but preliminary evidence suggests it is associated with a significant reduction in memory-related side effects (Peterchev et al., 2010).









Vagus Nerve Stimulation


The FDA approved vagus nerve stimulation (VNS) for treatment-refractory depression (TRD) in July 2005. Consensus criteria are unavailable for what constitutes TRD. Interest in VNS as a treatment for depression arose when it was noticed that persons being treated with VNS for treatment-resistant epilepsy (which is associated with an increased prevalence of depression) experienced improvements in their mood. Long-term studies of VNS for use as an adjunct to medications and therapy showed that it was well tolerated and resulted in a successful response in one-half of patients and complete remission in one-third (Andrade et al., 2010). The mechanism of VNS’s effects are not completely understood. It is believed that input information from the vagus nerve projects to the solitary tract nucleus and follows an ascending pathway to modulate various structures such as the amygdala, dorsal raphe, locus coeruleus, and the ventromedial prefrontal cortex that produce its effects on mood. The solitary tract nucleus also communicates with the parabrachial nucleus (PBN), cerebellum, and periaquaductal gray matter. The PBN communicates with other regions implicated in the pathophysiology of depression such as the hypothalamus, thalamus, amygdala, and nucleus of the stria terminalis. Only the left vagus nerve is used for VNS, because the right vagus nerve has parasympathetic branches to the heart. Aside from standard surgical risks, the most common side effects are voice alteration (54%-60% of patients), cough, neck pain, paresthesia, and dyspnea. These side effects typically decrease over time. It is recommended that VNS be used as an adjunctive treatment to medications and psychotherapy. Right unilateral ECT has been well tolerated in persons with VNS (Sharma et al., 2009).









Repetitive Transcranial Magnetic Stimulation


Repetitive transcranial magnetic stimulation (rTMS) is an emerging and recently FDA-approved noninvasive, well-tolerated treatment modality for MDD in adults. It is being studied for potential therapeutic applications in OCD, posttraumatic stress disorder, and auditory hallucinations in schizophrenia. The rTMS procedure uses a pulsed magnetic field introduced on the scalp surface to generate focal electrical stimulation of the cortical surface; it does not require anesthesia, does not produce a seizure, and can be administered in the office setting. The mechanism of action for treatment of depression is not well understood. The rTMS field can be pulsed at different frequencies to produce excitatory or inhibitory effects on cortical neurons. Frequencies of less than or equal to 1 Hz (slow rTMS) are believed to have mostly inhibitory neuronal effects by means of preferentially activating GABA-ergic interneurons in the cortex; this may result in transsynaptic depression. Use of rTMS frequencies greater than 1 Hz (fast rTMS) are believed to have mostly glutamatergic or excitatory neuronal effects (Kim et al., 2009). In depression, the target area is the left DLPFC. Left DLPFC high-frequency rTMS has shown effectiveness in almost one-third of pharmacotherapy-resistant MDD patients (Andrade et al., 2010). Headaches and site application pain are the most common side effects; the risk for seizure is estimated at less than 1 per 10,000 rTMS sessions. Monotherapy with rTMS is associated with few adverse effects but significant antidepressant effects for unipolar depressed patients who do not respond to medications or who cannot tolerate them (George et al., 2010).









Psychiatric Neurosurgery or Psychosurgery


Neurosurgical procedures are not commonly used for treatment of neuropsychiatric symptoms but should be considered for selected conditions when patients have failed combined pharmacotherapy and psychotherapy. Psychosurgery, both ablative and by deep brain stimulation, is still experimental and should be performed at institutions supporting psychosurgery research, having multidisciplinary involvement, and appropriate follow-up. In the middle of the 20th century, procedures such as frontal lobotomy were performed without defined indications or an understanding of the limbic system. This resulted in severe adverse events, even death. During the latter half of the 20th century, smaller stereotactically targeted lesions were used, resulting in benefits for patients, useful research data, and a precipitous decline in adverse events. Currently used ablative procedures include anterior cingulotomy, subcaudate tractotomy, limbic leucotomy (combined anterior cingulotomy and subcaudate tractotomy), and anterior capsulotomy. Carefully selected patients with intractable mood and anxiety disorders have experienced response rates ranging from 30% to 70%. Postoperative side effects are mostly transient and include headache, nausea, and edema. More serious adverse events include infection, urinary dysfunction, seizures, cognitive deficits, and cerebral infarct or hemorrhage (Andrade, 2010).


Deep brain stimulation involves the placement of electrodes into targeted deep brain regions so electrical stimulation can be delivered. Its advantages over ablative procedures are its adjustability (by manipulation of stimulation parameters) and reversibility. Published brain targets include the subcallosal cingulate gyrus (Hamani et al., 2009), nucleus accumbens, ventral internal capsule/ventral striatum, inferior thalamic peduncle, and lateral habenula. Response rates for MDD range from 35% to 50% (Blomstedt et al., 2010). Targets for OCD include the anterior limb of the internal capsule, ventral striatum, nucleus accumbens, or subthalamic nucleus (Denys et al., 2010). Transient hypomania may occur with deep brain stimulation for OCD. Response rates for OCD range from 20% to 75% (Haynes and Mallet, 2010). Nine brain regions have been targeted for treatment of Gilles de la Tourette syndrome, with in most cases some diminution of tics (Hariz and Robertson, 2010; Porta et al., 2009). The effects on other neuropsychiatric comorbidities are uncertain.












Treatment Principles


The unique features of each condition discussed should be carefully taken into account when developing a treatment plan. Transient, progressive, or static impairments in abilities such as driving, medical decision making, and management of finances may be present. Increased vigilance when monitoring patients for these impairments may improve care and allow for earlier interventions to protect the welfare of the patient, their family, and society. Patients with underlying neurological conditions tend to be more susceptible to the adverse reactions of psychotropic medications, particularly to extrapyramidal and cognitive side effects. These adverse reactions tend to be minimized with initiation of medications at low doses and use of gentle titration. When clinically indicated, atypical antipsychotics are often preferred over typical agents because of their fewer adverse side effects, but longitudinal studies are needed to better confirm this impression (Lieberman et al., 2005; Tarsy and Baldessarini, 2006). Further options to consider for treatment of refractory primary depression and other carefully selected psychiatric conditions include ECT, VNS (Elger et al., 2000; Groves and Brown, 2005; Marangell et al., 2002; Rush et al., 2000), transcranial magnetic stimulation (Rosa et al., 2006), deep brain stimulation (Skidmore et al., 2006), or stereotactic ablative surgery (Dougherty et al., 2002, 2003; Montoya et al., 2002b; Price et al., 2001). There is currently little evidence to guide the optimal treatment approach for patients with neurological disease and comorbid psychiatric symptoms.


In conclusion, advances in neuroscience have improved our understanding of the neural substrates of cognition and emotional behavior. The traditional boundaries between neurology and psychiatry have become obsolete. The future of psychiatric and neurological care, training, and research will inevitably require effective collaboration between both disciplines (Cunningham et al., 2006; Price et al., 2000).
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Apraxia is an inability to correctly perform learned skilled movements. In the limb apraxias, there is an inability to correctly execute these movements in an arm or hand owing to neurological dysfunction. Apraxia is a cognitive deficit in motor programming and results in errors of either the spatiotemporal processing of the movements or in the content of the actions. In the context of an apraxia examination, these errors can help distinguish the major types of limb apraxias.


A first step in recognizing the limb apraxias is distinguishing them from other causes of impaired movement. First of all, it is not apraxia if the impaired movements result from elementary motor deficits such as weakness, hemipareses, spasticity, ataxia, or extrapyramidal disturbances. Second, apraxia is distinguishable from impaired movements due to primary sensory deficits, hemispatial neglect, spatial or object agnosia, or other complex visual disorder. Third, apraxia is distinct from abnormal movements or postures such as tremor, myoclonus, choreoathetosis, or dystonic posturing. Finally, it is not apraxia if the impaired movements result from other cognitive disorders involving attention, memory, language comprehension, or executive functions (Leiguarda and Marsden, 2000). Although these sensorimotor and cognitive disorders may coexist with limb apraxia, the clinician must first ascertain whether they account for the patient’s inability to perform learned skilled movements.


Limb apraxia is not rare or insignificant. Apraxia occurs in about 50% to 80% of patients with left hemisphere lesions and can persist as a chronic deficit in 40% to 50% of these. Limb apraxia often results in major functional impairment, even when subtle, as it affects critical movements of the arms, hands, and fingers. Limb apraxia correlates with the level of caregiver dependence and greater need for help with activities of daily living (ADLs). It can also interfere with rehabilitation and therapy, including occupational therapy, physical therapy, and the use of gestural communication in aphasia rehabilitation.


Despite its importance, clinicians often fail to recognize limb apraxia. In many left hemisphere strokes, right hemiparesis masks the presence of right limb apraxia, and the assumption of normal non-dominant hand clumsiness masks the presence of left limb apraxia. Even when there are no masking factors, the presence of limb apraxia may still go undetected. Many examiners do not evaluate patients for limb apraxia, do not know how to test for apraxia, or cannot recognize the spatiotemporal or content errors produced by this condition. Yet apraxia is part of the diagnostic criteria of Alzheimer disease and corticobasal syndrome, as well as a manifestation of many other disorders.


This chapter is about the limb apraxias. The term apraxia occurs broadly in neurology and is usually interchangeable with dyspraxia. Apraxia describes non-learned motor dysfunctions including oculomotor movements, gait initiation (magnetic apraxia), and eyelid opening. It also describes skilled motor tasks that are dependent on visuospatial processing, including optic, constructional, and dressing apraxia. Apraxia is used as well for conditions that are more clearly consistent with the definition of disturbances in learned skilled movements but involve body parts other than the limbs, including orobucchal-facial and speech apraxias. These clinical entities are not included in this chapter, because they are either not limb apraxias or not disorders of “praxis” in the sense of disturbances in learned skilled movements (Zadikoff and Lang, 2005). This chapter focuses on the seven major limb apraxias of the upper extremities, where apraxia is most evident. They include ideomotor apraxia, parietal variant; ideomotor apraxia, disconnection variant; dissociation apraxia; ideational apraxia; and conceptual apraxia. Also included is limb-kinetic apraxia, a disorder that some argue is not a true apraxia, but instead a more basic disturbance in fine motor movements. Callosal apraxias comprise a separate category because of their unique unilateral and varied manifestations.






Historical Perspective


Many clinicians and investigators helped develop the current concept of limb apraxia. In 1866, John Hughlings Jackson probably recognized the clinical phenomenon of apraxia in a patient (Pearce, 2009). Jackson observed that the patient had “power in his muscles and in the centres for coordination of muscular groups, but he – the whole man, or the ‘will’ – cannot set them agoing.” In 1870, Carl Maria Finkelnburg used “asymbolia” to describe the clumsy and incomprehensible communicative gestures in aphasics, and in 1890, Meynert distinguished motor asymbolia from decreased motor “images” for movement. In 1899, D. De Buck used “parakinesia” to describe a patient who “though retaining the concepts for her actions, did not succeed in awakening the corresponding kinetic image.” By this time, the stage was set for Hugo Karl Liepmann’s seminal model of the limb apraxias.


In the early 1900s, Liepmann published a series of papers that led to the contemporary concept of limb apraxias. He proposed that the execution of purposeful movements could be divided into three steps (Goldenberg, 2003). First is the retrieval of the spatial and temporal representation or “movement formulas” of the intended action from the left hemisphere. Second is the transfer and association of these movement formulas via cortical connections with the “innervatory patterns” or motor programs located in the left “sensomotorium” (which includes premotor and supplementary motor areas). Third is the transmission of the information to the left primary motor cortex for performance of the intended actions in the right limb. Finally, in order for the left limb to perform the movements, the information traverses the corpus callosum to the right sensomotorium to activate the right primary motor cortex. Using Heymann Steinthal’s term of “apraxia,” Liepmann classified disturbances in these connections as “ideational, ideo-kinetic (melokinetic), and limb-kinetic apraxia.” Over the years, this classification nomenclature has evolved and the application of these terms has shifted, but Liepmann’s basic formulation of apraxia has persisted to the present day.









A Model for Praxis


The left parietal region retains its central role of converting mental images of intended action into motor execution (Heilman and Rothi, 2003) (Fig. 10.1). The inferior parietal lobule contains the spatial and temporal movement programs (praxicons, visuokinesthetic motor engrams, or movement formulas) needed to carry out learned skilled movements. Multiple input modalities including visual, verbal-auditory, and tactile can activate these movement formulas. Cells in the inferior parietal lobule fire selectively in response to hand movements, visually presented information about object size and shape, or the actual manipulation of objects (Rizzolatti et al., 1998), and functional neuroimaging studies show activity of this region in response to recognition of actions associated with object or tool use (transitive actions) (Damasio et al., 2001). The right parietal lobe participates in the integration of visual information and upper-extremity movement. In addition to movement formulas, the left parietal region appears to contain action semantics and conceptual systems such as tool action, tool-object association information, and general principles of tool use (Goldenberg and Spatt, 2009; Ochipa et al., 1992). If a movement involves the use of a tool or object, action semantics specify knowledge of tool action (turning, pounding, etc.) and the knowledge of which tool or object to use to choose for a task (Leiguarda and Marsden, 2000).
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Fig. 10.1 A model of praxis.




In the premotor region, the supplementary motor area (SMA) translates the movement formulas into motor programs before sending them on to primary motor cortex (Roy and Square, 1985). The SMA, which is involved in complex movements of the upper extremities, receives projections from parietal neurons and in turn projects axons to motor neurons in the primary motor cortex. The SMA programs a specific order of movements and is involved in bimanual coordination. It translates these time-space movement formulas to specific motor programs that activate the motor neurons such that the contralateral extremity moves in the proscribed spatial trajectory and timing. For movements in the opposite extremity, the brain further conveys these programs across the corpus callosum to the opposite premotor cortex and activates the motor neurons for the desired contralateral extremity movements.


Beyond this traditional model for praxis, apraxia may result from damage in other regions including the prefrontal cortex, right hemisphere, basal ganglia (putamen and globus pallidus), thalamus, and their white-matter connections. The prefrontal region participates in sequencing multiple arm, hand, and finger movements. The right parietal region participates in performing nonpurposeful movements. Although the left inferior parietal lobule is more active than the right during action imagery and actual discrimination of nonpurposeful gestures, the right parietal region is more active during imitation and when these gestures consist of finger postures (Buccino et al., 2001; Hermsdorfer et al., 2001). The role of basal ganglia and thalamus is less clear, but they function as part of cortical-subcortical motor loops. Apraxia could, theoretically, result from damage to any of these areas outside the traditional model of praxis.









Classification of Limb Apraxias


Beginning with Liepmann, there have been multiple attempts to classify and define the limb apraxias (Hanna-Pladdy and Rothi, 2001). The classification presented here is based on the seminal work of Heilman and associates, who have significantly contributed to the understanding of the limb apraxias (Heilman and Rothi, 2003). Depending on the location of the lesion, the patient has different patterns of ability to imitate and recognize gestures, perform sequential movements, and do fine motor activities (Fig. 10.2). The presence of production and content errors further characterize the subtypes of limb apraxia.
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Fig. 10.2 Lesions in the limb apraxias. Praxis disturbances can result from various brain localizations as illustrated below. A, Ideomoter apraxia – parietal variant. B, Ideomotor apraxia – disconnection variant. C, Verbal dissociation apraxia. D, Visual dissociation apraxia. E, Conceptual apraxia. F, Limb-kinetic apraxia. G, Callosal apraxia.








Ideomotor Apraxia, Parietal Variant


The parietal variant of ideomotor apraxia may be the most common and prototypical limb apraxia. Disruption of the movement formulas in the inferior parietal lobule impairs skilled movements on command and to imitation, as well as the recognition of gestures (see Fig. 10.2, A). Patients make spatial and temporal errors while producing movements. There is a failure to adopt the correct posture or orientation of the arm and hand or to move the limb correctly in space and at the correct speeds. Spatial errors involve the configuration of the hand and fingers, the proper orientation of the limb to the tool or object, and the spatial trajectory of the motion. A major distinguishing feature of the parietal variant of ideomotor apraxia is difficulty recognizing or identifying gestures, implicating damage to the praxicons, visuokinesthetic motor engrams, or movement formulas themselves.









Ideomotor Apraxia, Disconnection Variant


The disconnection variant of ideomotor apraxia results from disruptions of motor programs in the SMA or in their intra- and interhemispheric connections (Heilman and Watson, 2008). This form of ideomotor apraxia is a disconnection of an intact parietal region from the pathways to primary motor cortices. These lesions result in impaired pantomime to verbal commands, impaired imitation of gestures, and the presence of spatiotemporal production errors. The movement formulas themselves are preserved, but in contrast to the parietal variant of ideomotor apraxia, these patients can recognize and identify gestures. The lesions lie along the route from the left inferior parietal cortex to primary motor cortices (see Fig. 10.2, B). Although SMA lesions tend to affect both upper extremities, if the SMA lesion is limited to the right, apraxia may be limited to the left upper extremity.









Dissociation Apraxia


Patients with dissociation apraxia only exhibit errors when the movement is evoked by stimuli in one specific modality, usually verbal. Dissociation apraxia is a special type of disconnection apraxia where the disconnection is between language areas and movement formulas in the inferior parietal lobule. Information, however, can reach the inferior parietal lobe via other input modalities than language. Patients with dissociation apraxia may be impaired when attempting to perform skilled movements in response to verbal commands, but they are able to imitate gestures and to indicate or use actual objects correctly. Their errors are often unrecognizable movements rather than spatiotemporal or content errors. In addition to verbal dissociation apraxia (see Fig. 10.2, C), there can be visual (see Fig. 10.2, D) and tactile dissociation apraxias as well.









Ideational Apraxia


Ideational apraxia is the inability to correctly order or sequence a series of movements to achieve a goal. It is a disturbance in an overall ideational action plan. When these patients are given components necessary to complete a multistep task, they have trouble carrying out the steps in the proper order, such as preparing, addressing, and then mailing a letter. The lesion responsible for ideational apraxias is not clear; the deficits usually occur in patients with diffuse cerebral processes such as dementia, delirium, or extensive lesions in the left hemisphere that involve the frontal lobe and SMA. Unfortunately, use of the term ideational apraxia has been confusing, with the term erroneously applied to conceptual apraxia and other disorders. Ideational apraxia is not a conceptual problem in the proper application or use of tools or objects, but rather a problem in sequencing of actions in multistep behaviors.









Conceptual Apraxia


Conceptual apraxia results in errors in content of the action, such as in tool-selection errors or in tool-object knowledge. Whereas dysfunction of praxis production results in ideomotor apraxia, defects in the conceptual knowledge needed to successfully select tools and objects results in conceptual apraxia. Although conceptual apraxia often co-occurs with ideomotor apraxia, it can occur by itself, indicating that praxis production and praxis conceptual systems are independent. Patients with conceptual apraxia are unable to name or point to a tool when its function is discussed, or recall the type of actions associated with specific tools, utensils, or objects. They make content errors in which they substitute the action associated with the wrong tool for the requested tool. For example, when asked to demonstrate the use of a hammer or a saw either by pantomiming or using the tool, the patient with the loss of tool-object action knowledge may pantomime a screwing twisting movement as if using a screwdriver. Other terms used to describe these errors include disturbances in mechanical knowledge or in action semantics (see Fig. 10.2, E). Conceptual apraxia is most common in Alzheimer disease, other dementias (Ochipa et al., 1992), and in patients with diffuse posterior cerebral lesions, particularly involving the left hemisphere.









Limb-Kinetic Apraxia


Limb-kinetic apraxia is the inability to make finely graded, precise, coordinated individual finger movements. Limb-kinetic apraxia may not be a real apraxia in the traditional definition, but it is prominently considered in the differential diagnosis of the limb apraxias. Patients with limb-kinetic apraxia complain of a loss of dexterity or deftness that makes fine motor movements such as buttoning or tying shoes difficult. Weakness or changes in muscle tone do not account for this “clumsiness,” and limb-kinetic apraxia may be intermediate between paresis and other limb apraxias. Limb-kinetic apraxia is usually confined to the limb contralateral to a hemispheric lesion; however, when limb-kinetic apraxia occurs in the preferred hand, it may also be present in the non-preferred hand (Hanna-Pladdy et al., 2002). Clinicians need to distinguish limb-kinetic apraxia from right parietal functions such as nonsymbolic gestures (e.g., copying meaningless fine finger movements) and from optic ataxia, or decreased coordination of the hands under visual guidance. Limb-kinetic apraxia results from lesions in the primary motor cortex or corticospinal system (see Fig. 10.2, F). Liepmann (1920) also thought that limb-kinetic apraxia could result from lesions in the sensory motor cortex, and Kleist (1931) attributed it to damage in the premotor areas.









Callosal Apraxia


Several limb apraxia syndromes can result from callosal lesions (see Fig. 10.2, G). What distinguishes these patients is that their apraxia is confined to the non-dominant limb, usually the left arm or hand in right-handed individuals. The right limb may be affected in left-handed individuals, or they may have a similar lateralization as right-handers. Liepmann and others described left-sided disconnection-variant ideomotor apraxia due to callosal lesions and strokes (Heilman and Watson, 2008). These patients cannot pantomime with their left hand to verbal command or imitate but can recognize and identify gestures. Others described left-sided dissociative apraxia due to callosal lesions (Gazzaniga et al., 1967; Geschwind and Kaplan, 1962). Patients who have had surgical disconnection of the corpus callosum could not gesture normally to command with their left arm and hand but performed well with imitation and actual tools. Some patients have had a combination of both ideomotor and dissociative apraxia of their left arm and hand manifested by unrecognizable movements on verbal command and spatiotemporal errors on imitation. Other patients have a callosal “alien limb” with independent movements of the non-dominant limb, sometimes with “diagonistic apraxia” or the intermanual conflict of the hands acting in opposition to each other. The classic example of this is the split-brain patient who has undergone a corpus callosotomy who finds that his or her left hand is unbuttoning his shirt or blouse while the right one is trying to button it. Finally, there is a rare description of callosal lesions resulting in conceptual apraxia, indicating that conceptual knowledge as well as movement formulas have lateralized representations, and that such representations are contralateral to the preferred hand (Heilman et al., 1997).












Testing for Limb Apraxias


Apraxia testing involves a systematic approach (Box 10.1). Prior to testing of praxis, a neurological examination excludes the presence of significant motor, sensory, or cognitive disorders that could explain the inability to perform learned skilled movements. First, the testing of praxis itself begins with asking the patient to pantomime to command. The movements are transitive (associated with tool or instrument use) and intransitive (associated with communicative gestures such as waving goodbye). For transitive movements, the examiner asks the patient to demonstrate how to comb their hair, brush their teeth, or use a pair of scissors. For intransitive movements, the examiner asks the patient to demonstrate how to wave goodbye, beckon somebody to come, or hitchhike. The testing involves the right and left limb independently. The examiner observes the patient for the presence of temporal-spatial or content errors. Second, if the patient has difficulty pantomiming movements, the examiner tests their ability to imitate gestures. For gesture imitation, the examiner performs both transitive and intransitive movements and asks the patient to copy the movements. Third, for gesture knowledge, the examiner performs the same transitive and intransitive gestures and asks the patient to identify the gesture. The patient must identify the gesture and discriminate between those that are well and poorly performed. Fourth, the patient must perform tasks that require several motor acts in sequence, such as making a sandwich or preparing a letter for mailing. Fifth, the examiner shows the patient pictures of tools or objects or the actual tools or objects themselves. The examiner then requests that the patient pantomime the action associated with the tool or object. Finally, the examiner checks for fine finger movements by asking the patient to do repetitive tapping, picking up a coin with a pincer grasp, and twirling the coin. Additional impairment in the patient’s ability to use real objects indicates marked severity of the limb apraxia. The pattern of deficits will determine the types of apraxia (Table 10.1). Specialists in occupational therapy, physical therapy, speech pathology, and neuropsychology can further assess and quantify the deficits in limb apraxia using instruments like the Apraxia Battery for Adults-2 and the Florida Apraxia Battery (Power et al., 2010).





Box 10.1 The Examination for Limb Apraxias







I. DOMINANT UPPER EXTREMITY



1. PANTOMIME TO VERBAL COMMAND



a. Transitive actions:


Comb hair



Brush teeth



Flip a coin



Use scissors



Use a hammer



Use a screwdriver



b. Intransitive actions:


Wave goodbye



Beckon someone to come



Indicate someone to stop



Salute



Show how to hitchhike



Give the victory sign






2. IMITATION OF GESTURES

The examiner demonstrates the same actions without naming them and asks the patient to copy them.





3. GESTURE KNOWLEDGE

The examiner demonstrates different actions and asks the patient to identify their function/purpose and how well they were performed.





4. SEQUENTIAL ACTIONS

The examiner asks the patient to show how to prepare a letter for mailing, a sandwich for lunch, a pipe for smoking. The examiner instructs the patient that the imaginary elements needed for the task are laid out in front of them.





5. CONCEPTUAL KNOWLEDGE

The examiner show the patient either pictures or the actual tools or objects and asks the patient to pantomime or demonstrate their use or function. The examiner may also show a task, such as holding a nail, and ask the patient to pantomime the correct tool use and action.





6. LIMB-KINETIC MOVEMENTS

Finger tapping


Alternate touching each finger tip with thumb


Pick up a coin without sliding


Twirl coin between thumb, index, and middle fingers





7. REAL OBJECT USE

If limb apraxia is present, test with real object use. Most limb apraxias improve when using real objects for transitive actions and when gesturing spontaneously with intransitive actions.




II. NON-DOMINANT UPPER EXTREMITY


The examiner repeats the same procedures as for the dominant upper extremity.










Table 10.1 Testing in Limb Apraxias
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Testing for Ideomotor Apraxia, Parietal and Disconnection Variants


Patients with the ideomotor apraxias cannot pantomime to command or imitate the examiner’s gestures. These patients improve only partially with intransitive acts, imitation, and real object use. Ideomotor apraxia results in spatiotemporal errors in the positioning and orientation of the arm, hand, and fingers to the target and in the timing of the movements, but the goal of the action is still recognizable. In addition to poor positioning of the limb in relation to an imagined object, patients with ideomotor apraxia have an incorrect trajectory of their limb through space owing to poor coordination of multiple joint movements. Patients with ideomotor apraxia also have hesitant, stuttered movements rather than smooth, effortless ones. Unlike patients with the parietal variant of ideomotor apraxia, patients with the disconnection variant can both comprehend gestures and pantomimes and discriminate between correctly and incorrectly performed pantomimes.


On attempting to pantomime, patients with ideomotor apraxia may substitute a body part for the tool or object (Raymer et al., 1997). For example, when attempting to pantomime combing their hair or brushing their teeth, they substitute their fingers for the comb or toothbrush. Normal subjects may make the same errors, so the examiner should ask patients not to substitute their fingers or other body parts but to pantomime using a “pretend tool.” Patients with ideomotor apraxia may not improve with these instructions and continue to make body-part substitution errors. The substitution of a body part for a tool or object activates the right inferior parietal lobe, hence patients with ideomotor apraxia with left parietal injury appear to be using their normal right parietal lobe in order to pantomime gestures (Ohgami et al., 2004).









Testing for Dissociation Apraxia


The testing for dissociation apraxia is the same as for ideomotor apraxia. An important feature of dissociation apraxia when attempting to pantomime is the absence of recognizable movements. When asked to pantomime to verbal command, some patients may look at their hands but fail to perform any pertinent actions. Unlike patients with ideomotor apraxia, however, these patients can imitate the use of objects. Given the language-motor disconnection, it is important to evaluate the patient for language disorders and to exclude aphasia. Similar defects in other modalities are possible as well. For example, some patients who are asked to pantomime in response to visual or tactile stimuli may be unable to do so but can correctly pantomime to verbal command.









Testing for Ideational Apraxia


The test for ideational apraxia involves pantomiming multistep sequential tasks to verbal command. Examples are asking the patient to demonstrate how to prepare a letter for mailing or a sandwich for lunch. The examiner instructs the patient that the imaginary elements needed for the task are laid out in front of them; the patient is then observed to see whether the correct sequence of events is performed. Ideational apraxia manifests as a failure to perform each step in the correct order. If disturbed, the examiner repeats this testing with a real object, such as providing the patient with a letter and stamp.









Testing for Conceptual Apraxia


Patients with conceptual apraxia make content errors and demonstrate the actions of tools or objects other than the one they were asked to pantomime. For example, the examiner shows the patient either pictures or the actual tools or objects and asks the patient to pantomime or demonstrate their use or function. Patients with conceptual apraxia pantomime the wrong use or function, but they are able to imitate gestures without spatiotemporal errors (see Table 10.2).









Testing for Limb-Kinetic Apraxia


For limb-kinetic apraxia testing, the examiner asks the patient to perform fine finger movements and looks for evidence of incoordination. For example, the examiner asks the patient to pick up a small coin such as a dime from the table with the thumb and the index finger only. Normally, people use the pincer grasp to pick up a dime by putting a forefinger on one edge of the coin and the thumb on the opposite edge. Patients with limb-kinetic apraxia will have trouble doing this without sliding the coin to the edge of the table or using multiple fingers. Another test involves the patient rotating a nickel between the thumb, index, and middle fingers 10 times as rapidly as they can. Patients with limb-kinetic apraxia are slow and clumsy at these tasks (Hanna-Pladdy et al., 2002).









Testing for Callosal Apraxia


The examination for callosal apraxias is the same as for the other limb apraxias except that the abnormalities are limited to the non-dominant hand in most cases. The testing for callosal apraxia may reveal a disconnection-variant ideomotor apraxia, a dissociative apraxia, or even a conceptual apraxia in the non-dominant limb (Heilman et al., 1997).












Pathophysiology of Limb Apraxias


Ideomotor apraxia is associated with lesions in a variety of structures including the inferior parietal lobe, the frontal lobe, and the premotor areas, particularly the SMA. There are reports of ideomotor apraxia due to subcortical lesions in the basal ganglia (caudate-putamen), thalamus (pulvinar), and associated white-matter tracts including the corpus callosum. Limb apraxias can be caused by a variety of central nervous system disorders that affect these regions. The different forms of limb apraxia result from cerebrovascular lesions, especially right middle cerebral artery strokes with right hemiparesis. There may be left-sided limb apraxia in these patients. Right anterior cerebral artery strokes and paramedian lesions could produce ideomotor apraxia, disconnection variant. Ideomotor apraxia and limb-kinetic apraxia can be the initial or presenting manifestation of disorders such as corticobasal syndrome, primary progressive aphasia, or parietal-variant Alzheimer disease (Rohrer et al., 2010). Tumors, traumatic brain injury, infections, and other pathologies can also lead to limb apraxias.


There are effects of hemispheric specialization and handedness on praxis. Early investigators proposed that handedness was related to the hemispheric laterality of the movement formulas. The greatest evidence is for the left hemisphere localization of the movement formulas. Studies using functional imaging have provided converging evidence that in people who are right-handed, it is the left inferior parietallobe that appears to store the movement representation needed for learned skilled movements (Muhlau et al., 2005). Left-handed people, however, may demonstrate an ideomotor apraxia from a right hemisphere lesion, because their movement formulas are stored in their right hemisphere. It is not unusual to see right-handed patients with large left hemisphere lesions who are not apraxic, and there are rare reports of right-handed patients with right hemisphere lesions and limb apraxia. These findings suggest that hand preference is not entirely determined by the laterality of the movement formulas, and praxis and handedness can be dissociated.









Rehabilitation for Limb Apraxias


Because many instrumental and routine ADLs depend on learned skilled movements, patients with limb apraxia usually have impaired functional abilities. The presence of limb apraxia, more than any other neuropsychological disorder, correlates with the level of caregiver assistance required 6 months after a stroke, whereas the absence of apraxia is a significant predictor of return to work after a stroke (Saeki et al., 1995). The treatment of limb apraxia is therefore important for improving the quality of life of the patient.


Even though many treatments have been studied, none has emerged as the standard. There are no effective pharmacotherapies for limb apraxia, and treatments primarily involve rehabilitation strategies. Buxbaum and associates (2008) surveyed the literature on the rehabilitation of limb apraxia and identified 10 studies with 10 treatment strategies: multiple cues, error type reduction, 6-stage task hierarchy, conductive education, strategy training, transitive/intransitive gesture training, rehabilitative treatment, error completion, exploration training, and combined error completion and exploration training. Most of these approaches emphasize cueing with multiple modalities, with verbal, visual, and tactile inputs, repetitive learning, and feedback and correction of errors. Patients with post-stroke apraxia have had generalization of cognitive strategy training to other activities of daily living (Geusgens et al., 2006), but others have not (Bickerton et al., 2006). Although most studies have shown positive treatment effects, fewer studies have demonstrated the effects to be generalizable compared to those that have not. It is also unclear whether the benefits can be sustained long term. In sum, patients can learn and produce new gestures, but the newly learned gestures may not generalize well to contexts outside the rehabilitation setting. Nevertheless, some patients with ideomotor apraxia have improved with gesture-production exercises (Smania et al., 2000), and patients with apraxia would benefit from referral to a rehabilitation specialist with experience in treating apraxias.


Additional important interventions for the management of limb apraxias involve making environmental changes. This includes removing unsafe tools or implements, providing a limited number of tools to select from, replacing complex tasks with simpler ones that require few or no tools and fewer steps, as well as similar modifications.









Related Disorders


Other movement disturbances may be related to or confused with the limb apraxias. The alien limb phenomenon, mentioned previously as a potential result of callosal lesions, is the experience that a limb feels foreign and has involuntary semipurposeful movements, such as spontaneous limb levitation. This disorder can occur from neurodegenerative conditions, most notably corticobasal syndrome. Akinesia is the inability to initiate a movement in the absence of motor deficits, and hypokinesia is a delay in initiating a response. Akinesia and hypokinesia can be directional, with decreased initiation of movement in a specific spatial direction or hemifield. Akinesia and hypokinesia result from a failure to activate the corticospinal system due to Parkinson disease and diseases that affect the frontal lobe cortex, basal ganglia, and thalamus.


Several other movement disturbances are associated with frontal lobe dysfunction. Motor impersistence is the inability to sustain a movement or posture and occurs with dorsolateral frontal lesions. Magnetic grasp and grope reflexes with automatic reaching for environmental stimuli are primitive release signs. In echopraxia, some patients automatically imitate observed movements. Along with utilization behavior, echopraxia may be part of the environmental dependency syndrome of some patients with frontal lesions. Catalepsy is the maintenance of a body position into which patients are placed (waxy flexibility). Two related terms are mitgehen (“going with”), where patients allow a body part to move in response to light pressure, and mitmachen (“doing with”), where patients allow a body part to be put into any position in response to slight pressure, then return the body part to the original resting position after the examiner releases it. Motor perseveration is the inability to stop a movement or a series of movements after the task is complete. In recurrent motor perseveration, the patient keeps returning to a prior completed motor program, and in afferent or continuous motor perseveration, the patient cannot end a motor program that has just been completed.









Summary


Limb apraxia, or the disturbance of learned skilled movements, is an important but often missed or unrecognized impairment. Clinicians may misattribute limb apraxia to weakness, hemiparesis, clumsiness, or other motor or cognitive disturbance. Apraxia may only be evident in natural or real situations, with actual tool or object use, or on fine, sequential, or specific movements of the upper extremities (Zadikoff and Lang, 2005). Apraxia is an important cognitive disturbance and a salient sign in patients with strokes, Alzheimer disease, corticobasal syndrome, and other conditions. The model of left parietal movement formulas and disconnection syndromes introduced by Liepmann over 100 years ago continues to be compelling today. This model, in the context of a dedicated apraxia examination and analysis for spatiotemporal or content errors, clarifies and classifies the limb apraxias. Although more effective treatments need to be developed, rehabilitation strategies can be helpful interventions for these disturbances. Fortunately, recent advances in technology and rehabilitation promise to enhance our understanding and management of the limb apraxias.
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Agnosias are disorders of recognition. The general public is familiar with agnosia from Oliver Sacks’s patient, who not only failed to recognize his wife’s face but also mistook it for a hat. Sigmund Freud originally introduced the term agnosia in 1891 to denote disturbances in the ability to recognize and name objects, usually in one sensory modality in the presence of intact primary sensation. Another definition, that of Milner and Teuber in 1968, referred to agnosia as a “normal percept stripped of its meaning.” The agnosic patient can perceive and describe sensory features of an object yet cannot recognize or identify the object.


Criteria for the diagnosis of agnosia include: (1) failure to recognize an object; (2) normal perception of the object, excluding an elementary sensory disorder; (3) ability to name the object once it is recognized, excluding anomia as the principal deficit; and (4) absence of a generalized dementia. In addition, agnosias usually affect only one sensory modality, and the patient can identify the same object when presented in a different sensory modality. For example, a patient with visual agnosia may fail to identify a bell by sight but readily identifies it by touch or by the sound of its ring.


Agnosias are defined in terms of the specific sensory modality affected—usually visual, auditory, or tactile—or they may be selective for one class of items within a sensory modality, such as color agnosia or prosopagnosia (agnosia for faces). To diagnose agnosia, the examiner must establish that the deficit is not a primary sensory disorder, as documented by tests of visual acuity, visual fields, auditory function, and somatosensory functions, and not part of a more general cognitive disorder such as aphasia or dementia, as established by the bedside mental status examination. Naming deficits in aphasia or dementia are, with rare exceptions, not restricted to a single sensory modality.


Clinically, agnosias seem complex and arcane, yet they are important in understanding the behavior of neurological patients, and they provide fascinating insights into brain mechanisms related to perception and recognition. Part of their complexity derives from the underlying neuropathology; agnosias frequently result from bilateral or diffuse lesions such as hypoxic encephalopathy, multiple strokes, major head injuries, and neurodegenerative disorders and dementias.


Agnosias have aroused controversies since their earliest descriptions. Some authorities have attributed agnosic deficits to primary perceptual loss in the setting of general cognitive dysfunction or dementia. Abundant case studies, however, argue in favor of true agnosic deficits. In each sensory modality, a spectrum of disorders can be traced from primary sensory dysfunction to agnosia. We approach agnosias by sensory modality, with progression from primary sensory deficits to disorders of recognition.






Visual Agnosias






Cortical Visual Disturbances


Patients with bilateral occipital lobe damage may have complete “cortical” blindness. Some patients with cortical blindness are unaware that they cannot see, and some even confabulate visual descriptions or blame their poor vision on dim lighting or not having their glasses (Anton syndrome, originally described in 1899). Patients with Anton syndrome may describe objects they “see” in the room around them but walk immediately into the wall. The phenomena of this syndrome suggest that the thinking and speaking areas of the brain are not consciously aware of the lack of input from visual centers. Anton syndrome can still be thought of as a perceptual deficit rather than a visual agnosia, but one in which there is unawareness or neglect of the sensory deficit. Such visual unawareness is also frequently seen with hemianopic visual field defects (e.g., in patients with R hemisphere strokes), and it even has a correlate in normal people; we are not conscious of a visual field defect behind our heads, yet we know to turn when we hear a noise from behind. In contrast to Anton syndrome, some cortically blind patients actually have preserved ability to react to visual stimuli, despite the lack of any conscious visual perception, a phenomenon termed blindsight or inverse Anton syndrome (Ro and Rafal, 2006). Blindsight may be considered an agnosic deficit, because the patient fails to recognize what he or she sees. Residual vision is usually absent in blindness caused by disorders of the eyes, optic nerves, or optic tracts. Patients with cortical vision loss may react to more elementary visual stimuli such as brightness, size, and movement, whereas they cannot perceive finer attributes such as shape, color, and depth. Subjects sometimes look toward objects they cannot consciously see. One study reported a woman with postanoxic cortical blindness who could catch a ball without awareness of seeing it. Blindsight may be mediated by subcortical connections such as those from the optic tracts to the midbrain.


Lesions causing cortical blindness may also be accompanied by visual hallucinations. Irritative lesions of the visual cortex produce unformed hallucinations of lines or spots, whereas those of the temporal lobes produce formed visual images. Visual hallucinations in blindness are referred to as Bonnet syndrome (Teunisse et al., 1996). Although Bonnet originally described this phenomenon in his grandfather, who had ocular blindness, complex visual hallucinations occur more typically with cortical visual loss (Manford and Andermann, 1998). Visual hallucinations can occur during recovery from cortical blindness; positron emission tomography (PET) has shown metabolic activation in the parieto-occipital cortex associated with hallucinations, suggesting hyperexcitability of the recovering visual cortex (Wunderlich et al., 2000).


In practice, we diagnose cortical blindness by the absence of ocular pathology, the preservation of the pupillary light reflexes, and the presence of associated neurological symptoms and signs. In addition to blindness, patients with bilateral posterior hemisphere lesions are often confused, agitated, and have short-term memory loss. Amnesia is especially common in patients with bilateral strokes within the posterior cerebral artery territory, which involves not only the occipital lobe but also the hippocampi and related structures of the medial temporal region. Cortical blindness occurs as a transient phenomenon after traumatic brain injury, in migraine, in epileptic seizures, and as a complication of iodinated contrast procedures such as arteriography. Cortical blindness can develop in the setting of hypoxic-ischemic encephalopathy (Wunderlich et al., 2000), meningitis, systemic lupus erythematosus, dementing conditions such as the Heidenhain variant of Creutzfeldt-Jakob disease, or the posterior cortical atrophy syndrome described in Alzheimer disease and other dementias (Kirshner and Lavin, 2006).









Cortical Visual Distortions


Positive visual phenomena frequently develop in patients with visual field defects and even in migraine: distortions of shape called metamorphopsia, scintillating scotomas, irregular shapes (teichopsia, or fortification spectra), macropsia and micropsia, peculiar changes of shape and size known as the Alice in Wonderland syndrome (described by Golden in 1979), achromatopsia (loss of color vision), akinetopsia (loss of perception of motion), palinopsia (perseveration of visual images), visual allesthesia (spread of a visual image from a normal to a hemianopic field), and even polyopia (duplication of objects). All these phenomena are disturbances of higher visual perception rather than agnosias.


Two types of color vision deficit are associated with occipital lesions. First, a complete loss of color vision, or achromatopsia, may occur either bilaterally or in one visual hemifield with lesions that involve portions of the visual association cortex (Brodmann areas 18 and 19). Second, patients with pure alexia and lesions of the left occipital lobe fail to name colors, although their color matching and other aspects of color perception are normal. Patients often confabulate an incorrect color name when asked what color an object is. This deficit can be called color agnosia, in the sense that a normally perceived color cannot be properly recognized. Although this deficit has been termed color anomia, these patients can usually name the colors of familiar objects such as a school bus or the inside of a watermelon.









Balint Syndrome and Simultanagnosia


In 1909, Balint described a syndrome in which patients act blind, yet can describe small details of objects in central vision (Rizzo and Vecera, 2002). The disorder is usually associated with bilateral hemisphere lesions, often involving the parietal and frontal lobes. Balint syndrome involves a triad of deficits: (1) psychic paralysis of gaze, also called ocular motor apraxia, or difficulty directing the eyes away from central fixation; (2) optic ataxia, or incoordination of extremity movement under visual control (with normal coordination under proprioceptive control; and (3) impaired visual attention. These deficits result in the perception of only small details of a visual scene, with loss of the ability to scan and perceive the “big picture.” Patients with Balint syndrome literally cannot see the forest for the trees. Some but not all patients have bilateral visual field deficits. In bedside neurological examination, helpful tests include asking the patient to interpret a complex drawing or photograph, such as the “Cookie Theft” picture from the Boston Diagnostic Aphasia Examination and the National Institutes of Health Stroke Scale.


Partial deficits related to Balint syndrome have also been described, including isolated optic ataxia, or impaired visually guided reaching toward an object. Optic ataxia likely results from disruption of the transmission of visual information for visual direction of motor acts from the occipital cortex to the premotor areas. This function involves portions of the dorsal occipital and parietal areas as part of the “dorsal visual stream” (Himmelbach et al., 2009). A second partial Balint syndrome deficit is simultanagnosia, or loss of ability to perceive more than one item at a time, first described by Wolpert in 1924. The patient sees details of pictures, but not the whole. Many such patients have left occipital lesions and associated pure alexia without agraphia; these patients can often read “letter-by-letter,” or one letter at a time, but they cannot recognize a word at a glance (see Chapter 12). Robertson and colleagues (1997) emphasized deficient spatial organization as a contributing factor to the perceptual difficulties of a patient with Balint syndrome secondary to bilateral parieto-occipital strokes. Balint syndrome has also been reported in patients with posterior cortical atrophy and related neurodegenerative conditions involving the posterior parts of both hemispheres (Kirshner and Lavin, 2006; McMonagle et al., 2006).









Visual Object Agnosia


Visual object agnosia is the quintessential visual agnosia: the patient fails to recognize objects by sight, with preserved ability to recognize them through touch or hearing in the absence of impaired primary visual perception or dementia (Biran and Coslett, 2003). In 1890, Lissauer distinguished two subtypes of visual object agnosia: apperceptive visual object agnosia, referring to the synthesis of elementary perceptual elements into a unified image, and associative visual object agnosia, in which the meaning of a perceived stimulus is appreciated by recall of previous visual experiences.






Apperceptive Visual Agnosia


The first type, apperceptive visual agnosia, is difficult to separate from impaired perception or partial cortical blindness. Patients with apperceptive visual agnosia can pick out features of an object correctly (e.g., lines, angles, colors, movement), but they fail to appreciate the whole object (Grossman et al., 1997).Warrington and Rudge (1995) pointed to the right parietal cortex for its importance in visual processing of objects, and they found this area critical to apperceptive visual agnosia. A patient described by Luria misnamed eyeglasses as a bicycle, pointing to the two circles and a crossbar. Another study considered apperceptive visual agnosia related to bilateral occipital lesions a “pseudoagnosic syndrome” associated with visual processing defects, as compared to true visual agnosias, in which the right parietal cortex is deficient in identifying and recognizing visual objects. Recent evidence of the functions of specific cortical areas has included the specialization of the medial occipital cortex for appreciation of color and texture, whereas the lateral occipital cortex is more involved with shape perception. Deficits in these specific visual functions can be seen in patients with visual object agnosia (Cavina-Pratesi et al., 2010). On the other hand, a patient reported by Karnath et al. (2009) had visual form agnosia with bilateral medial occipitotemporal lesions.


Another way of analyzing apperceptive visual agnosia is by the focusing of visual attention. Theiss and DeBleser in 1992 distinguished two features of visual attention: a wide-angle attentional lens that sees the figure generally but perceives only gross features (the forest), and a narrow-angle spotlight that focuses on the fine visual details (the trees). They described a patient with a faulty wide-angle attentional beam; she could identify small objects within a drawing but missed what the drawing represented. Fink and colleagues (1996), in PET studies of visual perception in normal subjects, found that right hemisphere sites, particularly the lingual gyrus, activated during global processing of figures, whereas left hemisphere sites, particularly the left inferior occipital cortex, activated during more local processing. The ability of patients with apperceptive visual agnosia to perceive fine details but not the whole picture (missing the forest for the trees) is closely related to Balint syndrome and simultanagnosia.


As with most cortical visual syndromes, apperceptive visual agnosia usually occurs in patients with bilateral occipital lesions. It may represent a stage in recovery from complete cortical blindness. Deficits in recognition of visual objects may be especially apparent with recognition of degraded images, such as drawings rather than actual objects. Apperceptive visual agnosia can also be part of dementing syndromes (Kirshner and Lavin, 2006; McMonagle et al., 2006) (Fig. 11.1).
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Fig. 11.1 T2-weighted magnetic resonance images from a patient with progressive loss of vision, misidentification of objects, and inability to describe the whole of a picture, mentioning only small details. The clinical diagnosis was posterior cortical atrophy, a neurodegenerative condition.











Associative Visual Agnosia


Associative visual agnosia, Lissauer’s second type, has to do with recognition of appropriately perceived objects. Some patients can copy or match drawings of objects they cannot name, thus excluding a primary defect of visual perception. Aphasia is excluded because the patient can identify the same object presented in the tactile or auditory modality. Patients with associative visual agnosia often have other related recognition deficits such as color agnosia, prosopagnosia, and alexia. Associative visual agnosia is usually associated with bilateral posterior hemisphere lesions, often involving the fusiform or occipitotemporal gyri, sometimes the lingual gyri and adjacent white matter. Jankowiak and colleagues described a patient with bilateral parieto-occipital damage from gunshot injuries. Visual acuity was nearly normal except for bilateral upper “altitudinal” visual field defects. He had difficulty recognizing and naming colors, faces, objects, and pictures. He could copy drawings he could not recognize, and he could draw images from memory or after tachistoscopic presentation. The crux of this patient’s deficit was an inability to match an internal visual percept with representations of visual objects; in other words, he could perceive visual stimuli normally but failed to assign meaning or identity to them.


Geschwind postulated in 1965 that visual agnosia results from a disconnection syndrome in which bilateral lesions prevent visual information from the occipital lobes from reaching the left hemisphere language areas. Most but not all cases of associative visual agnosia have involved the fusiform or occipitotemporal gyri bilaterally, presumably interrupting connections between the visual cortex and the language areas for naming, or the medial temporal region for identification from memory. The disconnection hypothesis of visual agnosia is likely an oversimplification of the complexities of visual perception and recognition, but it provides a simple way to remember the syndrome.












Optic Aphasia


The syndrome of optic aphasia, or optic anomia, is intermediate between agnosias and aphasias. The patient with optic aphasia cannot name objects presented visually but can demonstrate recognition of the objects by pantomiming or describing their use. The preserved recognition of the objects distinguishes optic aphasia from associative visual agnosia. Like visual agnosics, patients with optic aphasia can name objects presented in the auditory or tactile modalities, distinguishing them from anomic aphasics. In optic aphasia, information about the object must reach parts of the cortex involved in recognition, perhaps in the right hemisphere, but the information is not available to the language cortex for naming. This explanation also fits Geschwind’s disconnection hypothesis. Patients with optic aphasia may confabulate incorrect names when asked to name an object they clearly recognize, just as the patient with color agnosia confabulates incorrect color names. The language cortex appears to supply a name from the class of items when specific information is not forthcoming, without the conscious awareness that the information is not correct. Patients with optic aphasia frequently manifest associated deficits of alexia without agraphia and color agnosia, suggesting a left occipital lesion. Optic aphasia bears great similarity to pure alexia without agraphia; just as optic aphasics may recognize objects they cannot name, pure alexics sometimes recognize words they cannot read.









Prosopagnosia


Prosopagnosia refers to the inability to recognize faces. Patients fail to recognize close friends and relatives or pictures of famous people, except by memorizing details of shape or hairstyle, but they learn to compensate by identifying a person by voice, mannerisms, gait patterns, and apparel. Prosopagnosia is restricted not only to the visual modality but also to the class of faces.


Facial recognition is a complex function. First, patients who cannot match pictures of faces must have defective face processing, or apperceptive prosopagnosia, whereas those who can match faces but simply fail to recognize familiar examples (either friends and relatives or famous personages) have associative prosopagnosia (Barton et al., 2004). There has been some opinion that faces are not a unique perceptual entity but just representative of complex stimuli, but a recent study by Busigny and colleagues (2010) found that their patient performed normally in perceptual tasks involving cars, objects, and geometric shapes, while deficient with faces. Another aspect of facial recognition is the perception of emotion in facial expressions, a function that appears localized to the right hemisphere. A recent study suggested that white matter lesions disconnecting the occipital cortex from “emotion-related regions” might be responsible for agnosia for emotional facial expression (Philippi et al., 2009).


In clinical studies, prosopagnosia may occur either as an isolated deficit or as part of a more general visual agnosia for objects and colors. Faces are likely the most complex and individualized visual displays to recognize, but some patients with visual object agnosia can recognize faces, suggesting that there may be a specific brain area devoted to facial recognition. Humphreys (1996) reviewed evidence that living things may be recognized in a different part of the occipital cortex from nonliving things.


The anatomical localization of prosopagnosia parallels that of the other visual agnosias. Most studies have reported bilateral temporo-occipital lesions, often involving the fusiform or occipitotemporal gyri, but cases with unilateral posterior right hemisphere lesions have also been described. Facial perception seems localized to the fusiform gyri, but recognition of familiar faces may require anterior temporal memory stores (Barton, 2003). A recent study involving both functional magnetic resonance imaging (fMRI) and neuropsychological testing found the inferior occipital (“occipital face area”) lobe critical for the identification of specific individual faces, whereas the “fusiform face area” in the middle fusiform gyrus was involved in other aspects of face perception (Steeves et al., 2009). The disconnection hypothesis has been invoked in prosopagnosia, reflecting interruption of fibers passing from the occipital cortices to the centers where memories of faces are stored. Prosopagnosia also occurs in dementing illnesses such as frontotemporal dementia (Joubert et al., 2004) and posterior cortical atrophy (Kirshner and Lavin, 2006).









Klüver-Bucy Syndrome


Another form of visual agnosia is the psychic blindness syndrome described by Klüver and Bucy in 1939. They reported the syndrome originally in monkeys with bilateral temporal lobectomies, but similar symptoms develop in humans with bilateral temporal lesions (Trimble et al., 1997). An animal may inappropriately try to eat or mate with objects or fail to show customary fear when confronted with a natural enemy. Human Klüver-Bucy patients manifest visual agnosia and prosopagnosia as well as memory loss, language deficits, and changes in behavior such as placidity, altered sexual orientation, and excessive eating. Cases of the human Klüver-Bucy syndrome have been reported with bitemporal damage from surgical ablation, herpes simplex encephalitis, and dementing conditions such as Pick disease. Patients with Klüver-Bucy syndrome appear to have no major deficits of primary visual perception, but connections appear to be disrupted between vision and memory and limbic structures, so visual percepts do not arouse their ordinary associations.












Auditory Agnosias


Like cortical visual syndromes, cortical auditory disorders range from primary auditory syndromes of cortical deafness to partial deficits of recognition of specific types of sound. As with the visual agnosias, most cortical auditory deficits require bilateral cerebral lesions, usually involving the temporal lobes, especially the primary auditory cortices in the Heschl gyri.






Cortical Deafness


Profound hearing deficits are seen in patients with acquired bilateral lesions of the primary auditory cortex (Heschl gyrus, Brodmann areas 41 and 42) or of the auditory radiations projecting to the Heschl gyri. In general, unilateral lesions of the auditory cortex have little effect on hearing. Only rarely are patients with bilateral auditory cortex lesions completely deaf, even to loud noises; most retain some pure tone hearing but have deficits in higher-level acoustic processing such as identification of meaningful sounds, temporal sequencing, and sound localization. As in visual agnosia, the cortical hearing deficits blend imperceptibly into the auditory agnosias.


A patient with auditory agnosia can hear noises but not appreciate their meanings, as in identifying animal cries or sounds associated with specific objects, such as the ringing of a bell. Most such patients also cannot understand speech or appreciate music. Auditory agnosias can be divided into (1) pure word deafness, (2) pure auditory nonverbal agnosia, (3) phonagnosia, or inability to identify persons by their voices (Polster and Rose, 1998; Hailstone et al., 2010), and (4) pure amusia. Patients may have one or a mixture of these deficits.









Pure Word Deafness


The syndrome of pure word deafness involves an inability to comprehend spoken words, with preserved ability to hear and recognize nonverbal sounds. Pure word deafness often evolves out of an initial deficit of cortical deafness or severe cortical auditory disorder. Pure word deafness has traditionally been explained as a disconnection of both primary auditory cortices from the left hemisphere Wernicke area. Engelien and colleagues (2000) showed activation on PET scanning during auditory stimulation in a patient with extensive bilateral temporal lesions, a phenomenon they referred to as deaf hearing (analogous to blindsight). Unilateral left hemisphere lesions have also been associated with pure word deafness; by Geschwind’s disconnection theory, such a lesion might be strategically placed so as to disconnect both primary auditory cortices from the Wernicke area. Occasionally patients with Wernicke aphasia have more severe involvement of auditory comprehension than reading comprehension, also resembling pure word deafness. In fact, most cases of pure word deafness also have paraphasic speech, further linking the syndrome to Wernicke aphasia (Fig. 11.2).
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Fig. 11.2 A computed tomography scan from a patient with extensive bilateral infarctions involving the temporal lobes. The patient could hear pure tones and nonverbal sounds, but she was completely unable to comprehend speech.


(From Kirshner, H.S., Webb, W.G., 1981. Selective involvement of the auditory-verbal modality in an acquired communication disorder: benefit from sign language therapy, Brain Lang 13, 161–170.)












Auditory Nonverbal Agnosia


Auditory nonverbal agnosia refers to patients who have lost the ability to identify meaningful nonverbal sounds but have preserved pure tone hearing and language comprehension. These cases also tend to have bilateral temporal lobe lesions. A recently reported case had a unilateral left temporal lesion with evidence of reorganization of auditory word perception involving adjacent left and contralateral right temporal cortex (Saygin et al., 2010).









Phonagnosia


Phonagnosia is analogous to prosopagnosia in the visual modality; it is a failure to recognize familiar people by their voices. Again, apperceptive deficits can occur in the matching of unfamiliar voices, usually reflecting unilateral or bilateral temporal damage, but failure to recognize a familiar voice may involve a right parietal locus corresponding to the specific area for recognition of faces. A related deficit is auditory affective agnosia, or failure to recognize the emotional intonation of speech, usually associated with right hemisphere lesions (Polster and Rose, 1998). Two cases of progressive phonagnosia have been reported in frontotemporal dementia (Hailstone et al., 2010).









Amusia


The loss of musical abilities after focal brain lesions is another complex topic, reflecting the complexity of musical appreciation and analysis (Alossa and Castelli, 2009). Traditional lesion-deficit analysis has suggested that recognition of melodies and musical tones is a right temporal function, whereas analysis of pitch, rhythm, and tempo involves the left temporal lobe. In a recent study of patients with temporal lobe lesions and epilepsy, those with left hemisphere lesions were more impaired in temporal sequencing of music as well as speech (Samson et al., 2001). The left hemisphere is likely more activated when a trained musician listens to music, as compared to an untrained listener. In a study of PET brain imaging during musical performance in 10 professional pianists, sight-reading of music activated both visual association cortices and the superior parietal lobes, areas distinct from those utilized in reading words. Listening to music activated both secondary auditory cortices, and playing music activated frontal and cerebellar areas. The authors commented that widespread as these areas were, the study did not examine the whole of musical experience, let alone the pleasure afforded by music.


The composer Maurice Ravel, whose case was originally described in 1948 by Alajouanine, suffered a progressive fluent aphasia that gradually took his ability to read or write music but spared his capacity to listen to and appreciate it. Another study also reported progressive musical dysfunction in two professional musicians with dementing illness.












Tactile Agnosias


As we have seen with the syndromes of cortical loss of visual and auditory perception, a range of somatosensory deficits is seen with cortical lesions. Patients with lesions of the parietal cortex may have preserved ability to feel pinprick, temperature, vibration, and proprioception, yet they fail to identify objects palpated by the contralateral hand or to recognize numbers or letters written on the opposite side of the body. These deficits, called astereognosis and agraphesthesia, represent deficits of cortical sensory loss rather than agnosias. Alternatively, they could be considered as apperceptive tactile agnosias. Rarely patients have been reported who can describe the shape and features of a palpated object, yet cannot identify the object. The patient can readily identify the object by sound or sight, thereby fulfilling the criteria for associative tactile agnosia (Bottini et al., 1995).


Caselli investigated 84 patients with unilateral hemisphere lesions for deficits in tactile perception. Seven patients had tactile agnosia for objects palpated by the contralateral hand. These deficits occurred in the absence of primary somatosensory loss. Some patients had severe hemiparesis or hemianopia yet performed well in tactile object recognition, but patients with neglect secondary to right hemisphere lesions tended to have more severe deficits. A second study reported that only patients with neglect had bilateral tactile object recognition deficits, whereas patients with left parietal lesions had tactile agnosia only for items in the right hand. The study did not include patients with bilateral lesions, however, and agnosia in the visual and auditory modalities is clearly more profound when bilateral lesions are present.


The mechanisms of tactile agnosia may vary. First, appreciation of shape may be a property of the sensory cortex. In the studies of Bottini and colleagues (1995), matching of shapes (an apperceptive task) was more sensitive to right hemisphere damage, whereas matching of meaningful shapes (the associative task) was more sensitive to left hemisphere lesions. Second, the right parietal cortex is also involved in spatial and topographical functions, and spatial disorders may account for some of the tactile recognition deficits of patients with right parietal lesions. Third, attentional deficits and neglect seen with right hemisphere lesions may increase the lack of tactile recognition. Fourth, disconnection syndromes may be involved in tactile agnosia. The famous 1962 patient of Geschwind and Kaplan with a lesion of the corpus callosum could not identify objects with the left hand but could point to the correct object in a group. Patients with surgical section of the corpus callosum have similar deficits; these patients can feel the object with the left hand but cannot name it, presumably because the callosal lesion disconnects the right parietal cortex from left hemisphere language centers.






Tactile Aphasia


Tactile aphasia is an inability to name a palpated object despite intact recognition of the object and intact naming when the object is presented in another sensory modality. This syndrome is closely analogous to optic aphasia and has been recognized only rarely.












Summary


Agnosias are disorders of sensory perception and recognition. The cortical mechanisms of the agnosias span a spectrum from primary sensory cortical deficits to disorders of the association cortex, or disconnection syndromes between cortical areas. Recognition of objects requires not only primary sensation but also association of the perceived item with previous sensory experiences and associative memories. The agnosias open a window into the brain’s ability to perceive and recognize aspects of the world around us.
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Language Disorders: Overview


The study of language disorders involves analysis of that most human of attributes, the ability to communicate through common symbols. Language has provided the foundation of human civilization and learning, and its study has been the province of philosophers as well as physicians. When language is disturbed by neurological disorders, analysis of the patterns of abnormality has practical usefulness in neurological diagnosis. Historically, language was the first higher cortical function to be correlated with specific sites of brain damage. It continues to serve as a model for the practical use of a cognitive function in localizing brain lesions and for understanding human cortical processes in general.






Definitions


Aphasia is defined as a disorder of language acquired secondary to brain damage. This definition, adapted from Alexander and Benson (1997), separates aphasia from several related disorders. First, aphasia is distinguished from congenital or developmental language disorders, called dysphasias. (In contrast with British usage, in the United States the term dysphasia applies to developmental language disorders rather than partial or incomplete aphasia.)


Second, aphasia is a disorder of language rather than speech. Speech is the articulation and phonation of language sounds; language is a complex system of communication symbols and rules for their use. Aphasia is distinguished from motor speech disorders (the subject of Part B of this chapter), which include dysarthria, dysphonia (voice disorders), stuttering, and speech apraxia. Dysarthrias are disorders of articulation of single sounds; causes of these disorders may include mechanical disturbance of the tongue or larynx and neurological disorders such as dysfunction of the muscles, neuromuscular junction, cranial nerves, bulbar anterior horn cells, corticobulbar tracts, cerebellar connections, or basal ganglia. Apraxia of speech is a syndrome of misarticulation of phonemes, especially consonant sounds. Unlike dysarthria, in which certain phonemes are consistently distorted, apraxia of speech is characterized by inconsistent distortions and substitutions of phonemes. The disorder is called an apraxia because there is no primary motor deficit in articulation of individual phonemes. Clinically, speech-apraxic patients produce inconsistent articulatory errors, usually worse on the initial phonemes of a word and with polysyllabic utterances. Apraxia of speech, so defined, is commonly involved in speech production difficulty in the aphasias.


Third, aphasia is distinguished from disorders of thought. Thought involves the mental processing of images, memories, and perceptions, usually but not necessarily involving language symbols. Psychiatric disorders derange thought and alter the content of speech without affecting its linguistic structure. Schizophrenic patients, for example, may manifest bizarre and individualistic word choices, with loose associations and a loss of organization in discourse together with vague or unclear references and communication failures (Docherty et al., 1996). Elementary language and articulation, however, are intact. Abnormal language content in psychiatric disorders is therefore not considered to represent aphasia, because the disorder is more one of thought than of language. Language disorders associated with diffuse brain diseases such as encephalopathies and dementias do qualify as aphasias, but the involvement of other cognitive functions distinguishes them from aphasia secondary to focal brain lesions.


An understanding of language disorders requires an elementary review of linguistic components. Phonemes are the smallest meaning-carrying sounds; morphology is the use of appropriate word endings and connector words for tenses, possessives, and singular versus plural; semantics refers to word meanings; the lexicon is the internal dictionary; and syntax is the grammatical construction of phrases and sentences. Discourse refers to the use of these elements to create organized and logical expression of thoughts. Pragmatics refers to the proper use of speech and language in a conversational setting, including pausing while others are speaking, taking turns properly, and responding to questions. Specific language disorders affect one or more of these elements.









Relevant Neuroanatomy


Language processes have a clear neuroanatomical basis. In simplest terms, the reception and processing of spoken language take place in the auditory system, beginning with the cochlea and proceeding through a series of way stations to the auditory cortex, the Heschl gyrus, in each superior temporal gyrus. Decoding sounds into linguistic information involves the posterior part of the left superior temporal gyrus, the Wernicke area or Brodmann area 22, which gives access to a network of cortical associations to assign word meanings. For both repetition and spontaneous speech, auditory information is transmitted to the Broca area in the posterior inferior frontal gyrus. This area of cortex “programs” the neurons in the adjacent motor cortex subserving the mouth and larynx, from which descending axons travel to the brainstem cranial nerve nuclei. The inferior parietal lobule, especially the supramarginal gyrus, also may be involved in phoneme processing in language comprehension and in phoneme production for repetition and speech (Hickok and Poeppel, 2000). These anatomical relationships are shown in Figs. 12A.1 and 12A.2. Reading requires perception of visual language stimuli by the occipital cortex, followed by processing into auditory language information via the heteromodal association cortex of the angular gyrus. Writing involves activation of motor neurons projecting to the arm and hand. A French study that used aphasia testing and magnetic resonance imaging (MRI) scans to evaluate 107 stroke patients confirmed the general themes of nearly 150 years of clinical aphasia research: that frontal lesions caused nonfluent aphasia, whereas posterior temporal lesions affected comprehension (Kreisler et al., 2000).





[image: image]

Fig. 12A.1 Lateral surface of the left hemisphere, showing a simplified gyral anatomy and the relationships between the Wernicke area and Broca area. Not shown is the arcuate fasciculus, which connects the two cortical speech centers via the deep subcortical white matter.
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Fig. 12A.2 Coronal plane diagram of the brain, indicating the inflow of auditory information from the ears to the primary auditory cortex in both superior temporal regions (xxx), and then to the Wernicke area (ooo) in the left superior temporal gyrus. The motor outflow of speech descends from the Broca area (B) to the cranial nerve nuclei of the brainstem via the corticobulbar tract (dashed arrow). In actuality, the Broca area is anterior to the Wernicke area, and the two areas would not appear in the same coronal section.




These pathways, and doubtless others, constitute the cortical circuitry for language comprehension and expression. In addition, other cortical centers involved in cognitive processes project into the primary language cortex, influencing the content of language. Finally, subcortical structures play increasingly recognized roles in language functions. The thalamus, a relay for the reticular activating system, appears to alert the language cortex, and lesions of the dominant thalamus frequently produce fluent aphasia. Nuclei of the basal ganglia involved in motor functions, especially the caudate nucleus and putamen, participate in expressive speech. No wonder, then, that language disorders are seen with a wide variety of brain lesions and are important in practical neurological diagnosis and localization.


In right-handed people, and in a majority of left-handers as well, clinical syndromes of aphasia result from left hemisphere lesions. Rarely, aphasia may result from a right hemisphere lesion in a right-handed patient, a phenomenon called crossed aphasia (Bakar et al., 1996). In left-handed persons, language disorders are usually similar to those of right-handed persons with similar lesions, but occasional cases manifest with atypical syndromes that suggest a right hemisphere capability for at least some language functions. For example, a patient with a large left frontotemporoparietal lesion may have preserved comprehension, suggesting right hemisphere language comprehension. For the same reason, recovery from aphasia may be better in some left-handed than in right-handed patients with left hemisphere strokes.









Diagnostic Features


Muteness, a total loss of speech, may represent severe aphasia (see Aphemia later in the chapter). Muteness also can be a sign of dysarthria, frontal lobe dysfunction with akinetic mutism, severe extrapyramidal system dysfunction (as in Parkinson disease), non-neurological disorders of the larynx and pharynx, or even psychiatric syndromes such as catatonia. Caution must therefore be taken in diagnosing the mute patient as aphasic. A good rule of thumb is that if the patient can write or type and the language form and content appear normal, the disorder is probably not aphasic in origin. If the patient cannot speak or write but makes apparent effort to vocalize, and if there is also evidence of deficient comprehension, aphasic muteness is likely. Associated signs of a left hemisphere injury, such as right hemiparesis, also aid in diagnosis. Finally, if the patient gradually begins to make sounds containing paraphasic errors, aphasia can be identified with confidence.


Hesitant speech is a feature of aphasia but also of motor speech disorders such as dysarthria or stuttering, and it may be a manifestation of a psychogenic disorder. A second rule of thumb is that if the utterances of a hesitant speaker can be transcribed into normal language, the patient is not aphasic. Hesitancy occurs in many aphasia syndromes for various reasons, including difficulty in speech initiation, imprecise articulation of phonemes, deficient syntax, and word-finding difficulty.


Anomia, or inability to produce a specific name, is generally a reliable indicator of language disorder, although it also may reflect memory loss. Anomia is manifested in aphasic speech by word-finding pauses and circumlocutions, or use of a phrase when a single word would suffice (e.g., “the thing you tell time with” for watch).


Paraphasic speech refers to the presence of errors in the patient’s speech output. Paraphasic errors are divided into literal or phonemic errors involving substitution of an incorrect sound (e.g., “shoon” for “spoon”) and verbal or semantic errors involving substitution of an incorrect word (e.g., “fork” for “spoon”). A related language symptom is perseveration, the inappropriate repetition of a previous response. Occasionally, aphasic utterances involve nonexistent word forms called neologisms. A pattern of paraphasic errors and neologisms that so contaminate speech that the meaning cannot be discerned is called jargon speech.


Another cardinal symptom of aphasia is failure to comprehend the speech of others. Most aphasic patients also have difficulty with comprehension and production of written language (reading and writing). Fluent paraphasic speech usually makes an aphasic disorder obvious. The chief considerations in the differential diagnosis here include aphasia, psychosis, acute encephalopathy or delirium, and dementia. Aphasic patients usually do not appear confused and do not exhibit inappropriate behavior; they are not agitated and do not misuse objects, with occasional exceptions in acute syndromes of Wernicke or global aphasia. In contrast, most psychotic patients speak in an easily understood, grammatically appropriate manner, but their behavior and speech content are abnormal. Only rarely do schizophrenics speak in “clang association” or “word salad” speech. Sudden onset of fluent paraphasic speech in a middle-aged or elderly patient should always be suspected of representing a left hemisphere lesion with aphasia.


Patients with acute encephalopathy or delirium may manifest paraphasic speech and “higher” language deficits, such as the inability to write, but the grammatical expression of language is less disturbed than its content. These language symptoms, moreover, are less prominent than accompanying behavioral disturbances such as agitation, hallucinations, drowsiness, or excitement, and cognitive difficulties such as disorientation, memory loss, or delusional thinking.


Chronic encephalopathies, or dementias, pose a more difficult diagnostic problem because involvement of the language cortex produces readily detectable language deficits, especially involving naming, reading, and writing. These language disorders (see Language in Dementing Diseases later in this chapter) differ from aphasia secondary to focal lesions mainly by the involvement of other cognitive functions such as memory and visuospatial processes.












Bedside Language Examination


The first part of any bedside examination of language is observing the patient’s speech and comprehension during the clinical interview. A wealth of information about language function can be obtained if the examiner pays deliberate attention to the patient’s speech patterns and responses to questions. In particular, minor word-finding difficulty, occasional paraphasic errors, and higher-level deficits in discourse planning and in the pragmatics of communication—turn-taking in conversation and the use of humor and irony, for example—can be detected principally during the informal interview.


D. Frank Benson and Norman Geschwind popularized a bedside language examination of six parts, updated by Alexander and Benson (1997) (Box 12A.1). This examination provides useful localizing information about brain dysfunction and is well worth the few minutes it takes.





Box 12A.1 Bedside Language Examination







1. Spontaneous speech



a. Informal interview



b. Structured task



c. Automatic sequences


2. Naming


3. Auditory comprehension


4. Repetition


5. Reading



a. Reading aloud



b. Reading comprehension


6. Writing



a. Spontaneous sentences



b. Writing to dictation



c. Copying








The first part of the examination is assessment of spontaneous speech. A speech sample may be elicited by asking the patient to describe the weather or the reason for coming to the doctor. If speech is sparse or absent, recitation of lists (e.g., counting or listing days of the week) may be helpful. The most important variable in spontaneous speech is fluency. Fluent speech flows rapidly and effortlessly; nonfluent speech is uttered in single words or short phrases, with frequent pauses and hesitations. Attention should first be paid to such elementary characteristics as initiation difficulty, articulation, phonation or voice volume, rate of speech, prosody or melodic intonation of speech, and phrase length. Second, the content of speech utterances should be analyzed in terms of the presence of word-finding pauses, circumlocutions, and errors such as literal and verbal paraphasias and neologisms.


Naming, the second part of the bedside examination, is tested by asking the patient to name objects, object parts, pictures, colors, or body parts to confrontation. A few items from each category should be tested because anomia can be specific to word classes. Proper names of persons are often affected severely. The examiner should ask questions to be sure the patient recognizes the items or people he or she cannot name.


Auditory comprehension is tested first by asking the patient to follow a series of commands of one, two, and three steps. An example of a one-step command is “Stick out your tongue”; a two-step command is “Hold up your left thumb and close your eyes.” Successful following of commands ensures adequate comprehension, at least at this simple level, but failure to follow commands does not automatically establish a loss of comprehension. The patient must hear the command, understand the language the examiner speaks, and possess the motor ability to execute it, including the absence of apraxia. Apraxia (see Chapter 10 for full discussion) is defined operationally as the inability to carry out a motor command despite normal comprehension and normal ability to carry out the motor act in another context, such as for imitation or with use of a real object. Because apraxia is difficult to exclude with confidence, it is advisable to test comprehension by tasks that do not require a motor act, such as yes/no questions, or by commands that require only a pointing response. The responses to nonsense questions (e.g., “Do you vomit every day?”) quickly establish whether the patient comprehends. Nonsense questions often produce surprising results because of the tendency of some aphasics to cover up comprehension difficulty with social chatter.


Repetition of words and phrases should be deliberately tested. Dysarthric patients and those with apraxia of speech (see Chapter 12B) have difficulty with rapid sequences of consonants, such as in “Methodist Episcopal,” whereas aphasic persons have special difficulty with grammatically complex sentences. The phrase “no ifs, ands, or buts” is especially challenging for aphasics. Often, aphasics can repeat familiar or “high-probability” phrases much better than unfamiliar ones.


Reading should be tested both aloud and for comprehension. The examiner should carry a few printed commands to facilitate a rapid comparison of auditory and reading comprehension. Of course, the examiner must have some idea of the patient’s premorbid reading ability.


Writing, the element of the bedside examination most often omitted, not only provides a further sample of expressive language but also allows an analysis of spelling, which is not possible with spoken language. A writing specimen may be the most sensitive indicator of mild aphasia, and it provides a permanent record for future comparison. Spontaneous writing, such as a sentence describing why the patient has come for examination, is especially sensitive for the detection of language difficulty. When spontaneous writing fails, writing to dictation and copying should be tested as well.


Finally, the neurologist combines the results of the bedside language examination with those of the rest of the mental status examination and of the neurological examination in general. These “associated signs” help classify the type of aphasia and localize the responsible brain lesion.









Aphasic Syndromes






Broca Aphasia


In 1861, the French physician Paul Broca described two patients, establishing the aphasia syndrome that now bears his name. The speech pattern is nonfluent; on bedside examination, the patient speaks hesitantly, often producing the principal meaning-containing nouns and verbs but omitting small grammatical words and morphemes. This pattern is called agrammatism or “telegraphic speech.” An example is “wife come hospital.” Patients with acute Broca aphasia may be mute or may produce only single words, often with dysarthria and apraxia of speech. They make many phonemic errors, inconsistent from utterance to utterance, with substitution of phonemes usually differing only slightly from the correct target (e.g., /p/ for /b/). Naming is deficient, but the patient often manifests a “tip-of-the-tongue” phenomenon, getting out the first letter or phoneme of the correct name. Paraphasic errors in naming more frequently are of literal than of verbal type. Auditory comprehension seems intact, but detailed testing usually reveals some deficiency, particularly in the comprehension of complex syntax. For example, for persons with Broca aphasia, sentences with embedded clauses involving prepositional relationships cause difficulty in comprehension as well as in expression (“The rug that Bill gave to Betty tripped the visitor”). A positron emission tomography (PET) study in normal persons (Caplan et al., 1998) showed activation of the Broca area in the frontal cortex during tests of syntactic comprehension; the Broca area thus appears to be involved in syntactical operations, both expressively and receptively. Repetition is hesitant in these patients, resembling their spontaneous speech. Reading often is impaired despite relatively preserved auditory comprehension. Benson termed this reading difficulty of Broca aphasics the “third alexia,” in contradistinction to the two classical types of alexia (see Aphasic Alexia later in the chapter). Patients with Broca aphasia may have difficulty with syntax in reading, just as in auditory comprehension and speech. Writing is virtually always deficient in Broca aphasics. Most patients have a right hemiparesis necessitating use of the nondominant left hand for writing, but this left-handed writing is far more abnormal than the awkward renditions of a normal right-handed person attempting to write left-handed. Many patients can scrawl only a few letters.


Associated neurological deficits of Broca aphasia include right hemiparesis, hemisensory loss, and apraxia of the oral apparatus and the nonparalyzed left limbs. Apraxia in response to motor commands is important to recognize because it may be mistaken for comprehension disturbance. As mentioned earlier, comprehension should also be tested by responses to yes/no questions or commands to point to an object. The common features of Broca aphasia are listed in Table 12A.1.


Table 12A.1 Bedside Features of Broca Aphasia






	Feature

	Syndrome






	Spontaneous speech

	Nonfluent, mute or telegraphic, usually dysarthric






	Naming

	Impaired  






	Comprehension

	Intact (mild difficulty with complex grammatical phrases)






	Repetition

	Impaired






	Reading

	Often impaired (“third alexia”)






	Writing

	Impaired (dysmorphic, dysgrammatical)






	Associated signs

	Right hemiparesis






	 

	Right hemisensory loss






	 

	± Apraxia of left limbs







An important clinical feature of Broca aphasia is its frequent association with depression (Robinson, 1997). Patients with Broca aphasia typically are aware of and frustrated by their deficits. At times they become withdrawn and refuse help or therapy. Usually the depression lifts with recovery from the deficit, but it may be a limiting factor in rehabilitation.


The lesions responsible for Broca aphasia usually include the traditional Broca area in the posterior part of the inferior frontal gyrus, along with damage to adjacent cortex and subcortical white matter. Most patients with lasting Broca aphasia, including Broca’s original cases, have much larger left frontoparietal lesions, including most of the territory of the upper division of the left middle cerebral artery. In such patients, the deficit typically evolves from global to Broca aphasia over weeks to months. Patients who manifest Broca aphasia immediately after their strokes, by contrast, have smaller lesions of the inferior frontal region, and their deficits generally resolve quickly. In computed tomography (CT) scan analyses at the Boston Veterans Administration Medical Center, lesions restricted to the lower precentral gyrus produced only dysarthria and mild expressive disturbance. Lesions involving the traditional Broca area (Brodmann areas 44 and 45) resulted in difficulty initiating speech, and lesions combining the Broca area, the lower precentral gyrus, and subcortical white matter yielded the full syndrome of Broca aphasia. In other studies at the center, damage to two subcortical white matter sites—the rostral subcallosal fasciculus deep to the Broca area and the periventricular white matter adjacent to the body of the left lateral ventricle—was required to cause permanent nonfluency. These concepts concerning the Broca area and its mainly temporary role in Broca aphasia have been confirmed by a recent MRI study, indicating that MRI lesions in the Broca area correlate with Broca or global aphasia in acute stroke, but not in the chronic period (Ochfeld et al., 2010). Fig. 12A.3 shows an MRI scan of the brain from a patient with Broca aphasia.
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Fig. 12A.3 Magnetic resonance imaging study of the brain of a patient with Broca aphasia. In this patient, the cortical Broca area, subcortical white matter, and the insula all were involved in the infarction. The patient made a good recovery.











Aphemia


A rare variant of Broca aphasia is aphemia, a nonfluent syndrome in which the patient initially is mute and then becomes able to speak with phoneme substitutions and pauses. All other language functions are intact, including writing. This rare and usually transitory syndrome results from small lesions of the Broca area or its subcortical white matter or of the inferior precentral gyrus. Because written expression and auditory comprehension are normal, aphemia is not a true language disorder; aphemia may be equivalent to pure apraxia of speech.









Wernicke Aphasia


Wernicke aphasia may be considered the opposite of Broca aphasia in that expressive speech is fluent, but comprehension is impaired. The speech pattern is effortless and sometimes even excessively fluent (“logorrhea”). A speaker of a foreign language would notice nothing amiss, but a listener who shares the patient’s language detects speech empty of meaning, containing verbal paraphasias, neologisms, and jargon productions. Neurolinguists refer to this pattern as paragrammatism. In milder cases, the intended meaning of an utterance may be discerned, but the sentence goes awry with paraphasic substitutions. Naming in Wernicke aphasia is deficient, often with bizarre, paraphasic substitutions for the correct name. Auditory comprehension is impaired, sometimes even for simple nonsense questions. Deficient semantics is the major cause of the comprehension disturbance in Wernicke aphasia, along with disturbed access to the internal lexicon. Repetition is impaired; whispering a phrase in the patient’s ear, as in a hearing test, may help cue the patient to attempt repetition. Reading comprehension is usually affected in a fashion similar to that observed for auditory comprehension, but occasionally patients show greater deficit in one modality than in the other. The discovery of spared reading ability in Wernicke aphasics is important in allowing these patients to communicate. In addition, neurolinguistic theories of reading must account for the access of visual language images to semantic interpretation, even in the absence of auditory comprehension. Writing also is impaired, but in a manner quite different from that of Broca aphasia. The patient usually has no hemiparesis and can grasp the pen and write easily. Written productions are even more abnormal than oral ones, however, in that spelling errors are also evident. Writing samples are especially useful in the detection of mild Wernicke aphasia.


Associated signs are limited in Wernicke aphasia; most patients have no elementary motor or sensory deficits, although a partial or complete right homonymous hemianopia may be present. The characteristic bedside examination findings in Wernicke aphasia are summarized in Table 12A.2.


Table 12A.2 Bedside Features of Wernicke Aphasia






	Feature

	Syndrome






	Spontaneous speech

	Fluent with paraphasic errors; usually not dysarthric, sometimes logorrheic






	Naming

	Impaired (often bizarre paraphasic misnaming)






	Comprehension

	Impaired






	Repetition

	Impaired






	Reading

	Impaired for comprehension, reading aloud






	Writing

	Well formed, paragraphic






	Associated signs

	± Right hemianopia






	 

	Motor, sensory signs usually absent







The psychiatric manifestations of Wernicke aphasia are quite different from those of Broca aphasia. Depression is less common; many Wernicke aphasics seem unaware of or unconcerned about their communicative deficits. With time, some patients become angry or paranoid about the inability of family members and medical staff to understand them. This behavior, like depression, may hinder rehabilitative efforts.


The lesions of patients with Wernicke aphasia usually involve the posterior portion of the superior temporal gyrus, sometimes extending into the inferior parietal lobule. Fig. 12A.4 shows a typical example. The exact confines of the Wernicke area have been much debated. Damage to this area (Brodmann area 22) has been reported to correlate most closely with persistent loss of comprehension of single words, although only larger temporoparietal lesions have been found in patients with lasting Wernicke aphasia. In the acute phase, the ability to match a spoken word to a picture is quantitatively related to decreased perfusion of the Wernicke area on perfusion-weighted MRI, indicating less variability during the acute phase than after recovery has taken place (Hillis et al., 2001). Electrical stimulation of the Wernicke area produces consistent interruption of auditory comprehension, supporting the importance of this region for decoding auditory language. A receptive speech area in the left inferior temporal gyrus has also been suggested by electrical stimulation studies and by a few descriptions of patients with seizures involving this area (Kirshner et al., 1995), but aphasia has not been recognized with destructive lesions of this area. Extension of the lesion of Wernicke aphasia into the inferior parietal region may predict greater involvement of reading comprehension. In terms of vascular anatomy, the Wernicke area lies within the territory of the inferior division of the left middle cerebral artery.
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Fig. 12A.4 Brain imaging in Wernicke aphasia. The patient was an elderly woman. A and B, Axial and coronal magnetic resonance images. C, Axial positron emission tomography (PET) scan. There is a large left superior temporal lobe lesion. The onset of the deficit was not clear, and the PET scan was useful in showing that the lesion had reduced metabolism, favoring a stroke over a tumor.











Pure Word Deafness


Pure word deafness is a rare but striking syndrome of isolated loss of auditory comprehension and repetition, without any abnormality of speech, naming, reading, or writing. Hearing for pure tones and nonverbal noises (e.g., animal cries) is intact. Most cases have mild aphasic deficits, especially paraphasic speech. Classically, the anatomical substrate is a bilateral lesion isolating the Wernicke area from input from both the Heschl gyri. Pure word deafness is thus an example of a “disconnection syndrome” in which the deficit results from loss of white matter connections rather than of gray matter language centers. In some cases of pure word deafness, however, the underlying cause is a unilateral left temporal lesion. These cases closely resemble Wernicke aphasia, with greater impairment of auditory comprehension than of reading.









Global Aphasia


Global aphasia may be thought of as a summation of the deficits of Broca aphasia and Wernicke aphasia. Speech is nonfluent or mute, but comprehension also is poor, as are naming, repetition, reading, and writing. Most patients have dense right hemiparesis, hemisensory loss, and often hemianopia, although occasional patients have mild or no hemiparesis. Milder aphasic syndromes in which all modalities of language are affected often are called mixed aphasias. The lesions of patients with global aphasia are usually large, involving both the inferior frontal and superior temporal regions, and often much of the parietal lobe in between. This lesion represents most of the territory of the left middle cerebral artery. Patients in whom the superior temporal gyrus is spared tend to recover their auditory comprehension, with evolution of the deficit toward the syndrome of Broca aphasia. Recovery in global aphasia may be prolonged; in patients with global aphasia, more clinical improvement may occur during the second 6 months than in the first 6 months after a stroke. Characteristics of global aphasia are presented in Table 12A.3.


Table 12A.3 Bedside Features of Global Aphasia






	Feature

	Syndrome






	Spontaneous speech

	Mute or nonfluent






	Naming

	Impaired






	Comprehension

	Impaired






	Repetition

	Impaired






	Reading

	Impaired






	Writing

	Impaired






	Associated signs

	Right hemiparesis






	 

	Right hemisensory loss






	 

	Right hemianopia














Conduction Aphasia


Conduction aphasia is an uncommon but theoretically important syndrome that can be recognized by its striking deficit of repetition. Most patients have relatively normal spontaneous speech, although some make literal paraphasic errors and hesitate frequently for self-correction. Naming is impaired to varying degrees, but auditory comprehension is preserved. Repetition may be disturbed to seemingly ridiculous extremes such that a patient who is capable of self-expression at a sentence level and can comprehend conversation may be unable to repeat even single words. One such patient could not repeat the word “boy” but said “I like girls better.” Reading and writing are somewhat variable, but reading aloud may share some of the same difficulty as repeating. Associated deficits include hemianopia in some patients; right-sided sensory loss may be present, but right hemiparesis usually is mild or absent. Some patients have limb apraxia, creating a misimpression that comprehension is impaired. Bedside examination findings in conduction aphasia are summarized in Table 12A.4.


Table 12A.4 Bedside Features of Conduction Aphasia






	Feature

	Syndrome






	Spontaneous speech

	Fluent, some hesitancy, literal paraphasic errors






	Naming

	May be moderately impaired






	Comprehension

	Intact






	Repetition

	Severely impaired






	Reading

	± Inability to read aloud; some reading comprehension






	Writing

	Variable deficits






	Associated signs

	± Apraxia of left limbs






	 

	± Right hemiparesis, usually mild






	 

	± Right hemisensory loss






	 

	± Right hemianopia







The lesions of conduction aphasia usually involve either the superior temporal or inferior parietal region. Benson and associates suggested that patients with limb apraxia have parietal lesions, whereas those without apraxia have temporal lesions. Conduction aphasia may represent a stage of recovery in patients with Wernicke aphasia in whom the damage to the superior temporal gyrus is not complete.


Conduction aphasia has been advanced as a classical disconnection syndrome. Wernicke originally postulated that a lesion disconnecting the Wernicke and Broca areas would produce this syndrome; Geschwind later pointed to the arcuate fasciculus, a white-matter tract traveling from the deep temporal lobe, around the sylvian fissure, to the frontal lobe, as the site of disconnection. Anatomical involvement of the arcuate fasciculus is present in most if not all cases of conduction aphasia, but doubt has arisen as to the importance of the arcuate fasciculus to this syndrome. Bernal and Ardila (2009) cite evidence that the arcuate fasciculus terminates in the premotor/motor areas, and not in the Broca area. In addition, there is usually also cortical involvement of the supramarginal gyrus or temporal lobe. The supramarginal gyrus appears to be involved in auditory immediate memory and in phoneme perception related to word meaning as well as phoneme generation (Hickok and Poeppel, 2000). Lesions in this area are associated with conduction aphasia and phonemic paraphasic errors. Other investigators have pointed out that lesions of the arcuate fasciculus do not always produce conduction aphasia. Another theory of conduction aphasia suggests a defect in auditory verbal short-term memory.









Anomic Aphasia


Anomic aphasia refers to aphasic syndromes in which naming, or access to the internal lexicon, is the principal deficit. Spontaneous speech is normal except for the pauses and circumlocutions produced by the inability to name. Comprehension, repetition, reading, and writing are intact except for the same word-finding difficulty in written productions. Anomic aphasia is common but less specific in localization than the other aphasic syndromes. Isolated severe anomia may indicate focal left hemisphere pathology. Alexander and Benson (1997) refer to the angular gyrus as the site of lesions producing anomic aphasia, but lesions there usually produce other deficits as well, including alexia and the four elements of the Gerstmann syndrome: agraphia, right-left disorientation, acalculia, and finger agnosia, or inability to identify fingers. Isolated lesions of the temporal lobe can produce pure anomia, and PET studies of naming in normal persons also have shown consistent activation of the superior temporal lobe. Inability to produce nouns is characteristic of temporal lobe lesions, whereas inability to produce verbs occurs more often with frontal lesions. Even specific classes of nouns may be selectively affected in some cases of anomic aphasia. Anomia also is seen with mass lesions elsewhere in the brain, and in neurodegenerative disorders such as Alzheimer disease. Anomic aphasia also is a common stage in the recovery of many aphasic syndromes. Anomic aphasia thus serves as an indicator of left hemisphere or diffuse brain disease, but it has only limited localizing value. The typical features of anomic aphasia are presented in Table 12A.5.


Table 12A.5 Bedside Features of Anomic Aphasia






	Feature

	Syndrome






	Spontaneous speech

	Fluent, some word-finding pauses, circumlocution






	Naming

	Impaired






	Comprehension

	Intact






	Repetition

	Intact






	Reading

	Intact






	Writing

	Intact except for anomia






	Associated signs

	Variable or none














Transcortical Aphasias


The transcortical aphasias are syndromes in which repetition is normal, presumably because the causative lesions do not disrupt the perisylvian language circuit from the Wernicke area through the arcuate fasciculus to the Broca area. Instead, these lesions disrupt connections from other cortical centers into the language circuit—hence the name transcortical. The transcortical syndromes are easiest to think of as analogs of the syndromes of global, Broca, and Wernicke aphasias, with intact repetition.


Mixed transcortical aphasia, or the “syndrome of the isolation of the speech area,” is a global aphasia in which the patient repeats, often echolalically, but has no propositional speech or comprehension. This syndrome is rare, occurring predominantly with large watershed infarctions of the left hemisphere or both hemispheres that spare the perisylvian cortex, or in advanced dementias.


Transcortical motor aphasia is an analog of Broca aphasia in which speech is hesitant or telegraphic, comprehension is relatively spared, but repetition is fluent. This syndrome occurs with lesions in the frontal lobe anterior to the Broca area, in the deep frontal white matter, or in the medial frontal region in the vicinity of the supplementary motor area. All of these lesion sites are within the territory of the anterior cerebral artery, separating this syndrome from the aphasia syndromes of the middle cerebral artery (Broca, Wernicke, global, and conduction aphasias). This syndrome has also been reported with watershed infarctions, reflecting carotid artery stenosis.


The third transcortical syndrome, transcortical sensory aphasia, is an analog of Wernicke aphasia in which fluent paraphasic speech, paraphasic naming, impaired auditory and reading comprehension, and abnormal writing coexist with normal repetition. This syndrome is relatively uncommon, occurring with strokes of the left temporo-occipital area and in dementias. “Watershed” infarctions between the left middle and posterior cerebral artery territories may produce this syndrome. Bedside examination findings in the transcortical aphasias are summarized in Table 12A.6.




Table 12A.6 Bedside Features of Transcortical Aphasias
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Subcortical Aphasias


A current area of interest in aphasia research involves the “subcortical” aphasias. Although all the syndromes discussed so far are defined by behavioral characteristics that can be diagnosed at bedside examination, the subcortical aphasias are defined by lesion localization in the basal ganglia or deep cerebral white matter; in other words, diagnosis of this aphasia syndrome is based on brain imaging. As knowledge about subcortical aphasia has accumulated, two major groups of aphasic symptomatology have been described: aphasia with thalamic lesions and aphasia with lesions of the subcortical white matter and basal ganglia.


Left thalamic hemorrhages frequently produce a Wernicke-like fluent aphasia with better comprehension than in cortical Wernicke aphasia. A fluctuating or “dichotomous” state has been described, alternating between an alert state with nearly normal language and a drowsy state in which the patient mumbles paraphasically and comprehends poorly. Luria has referred to this state as a “quasi-aphasic abnormality of vigilance.” One way of thinking of thalamic aphasia is that the thalamus plays a role in alerting the language cortex such that the language cortex, in effect, goes to sleep. Thalamic aphasia can occur even with a right thalamic lesion in a left-handed patient, indicating that hemispheric language dominance extends to the thalamic level. Although some skeptics have attributed thalamic aphasia to pressure on adjacent structures and secondary effects on the cortex, cases of thalamic aphasia have been described with small ischemic lesions, especially those involving the paramedian or anterior nuclei of the thalamus in the territory of the tuberothalamic artery. Because these lesions produce little or no mass effect, such cases indicate that the thalamus and its connections play a definite role in language function (Carrerra and Bogousslavsky, 2006).


Lesions of the left basal ganglia and deep white matter also cause aphasia. As in thalamic aphasia, the first syndromes described were in basal ganglia hemorrhages, especially those involving the putamen, the most common site of hypertensive intracerebral hemorrhage. Here the aphasic syndromes are more variable, but most commonly involve global or Broca-like aphasia. As in thalamic lesions, ischemic strokes have provided better localizing information than hemorrhage cases. The most common lesion is an infarct involving the anterior putamen, caudate nucleus, and anterior limb of the internal capsule. Patients with this lesion have an “anterior subcortical aphasia syndrome” involving dysarthria, decreased fluency, mildly impaired repetition, and mild comprehension disturbance. This syndrome most closely resembles Broca aphasia, but with greater dysarthria and less language dysfunction. Fig. 12A.5 shows imaging findings in an example of this syndrome. More restricted lesions of the anterior putamen, head of caudate, and periventricular white matter produce hesitancy or slow initiation of speech but little true language disturbance. More posterior lesions involving the putamen and deep temporal white matter, referred to as the temporal isthmus, are associated with fluent paraphasic speech and impaired comprehension, resembling the features of Wernicke aphasia. Small lesions in the posterior limb of the internal capsule and adjacent putamen cause mainly dysarthria, but mild aphasic deficits may occasionally occur. Finally, larger subcortical lesions involving both the anterior and posterior lesion sites produce global aphasia. A wide variety of aphasia syndromes can thus be seen with subcortical lesion sites. Nadeau and Crosson (1997) presented an anatomical model of basal ganglia involvement in speech and language, based on the known motor functions and fiber connections of these structures. Evidence from PET indicates that basal ganglia lesions affect language, both directly and indirectly, via decreased activation of cortical language areas.
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Fig. 12A.5 Magnetic resonance imaging (MRI) study of the brain with slices in the axial, coronal, and sagittal planes in subcortical aphasia. The lesion is an infarction involving the anterior caudate, putamen, and anterior limb of the left internal capsule. The patient presented with dysarthria and mild, nonfluent aphasia with anomia, with good comprehension. The advantage of MRI in permitting visualization of the lesion in all three planes is apparent.




The insula, a cortical structure that shares a deep location with the subcortical structures, may also be important to speech and language function. Dronkers (1996) reported that involvement of this area is closely associated with the presence of apraxia of speech in aphasic patients. Hillis and colleagues (2004), however, in MRI studies of brain in acute stroke patients, found that the left frontal cortex correlates more with speech apraxia than does the insula.


In clinical terms, subcortical lesions do produce aphasia, although less commonly than cortical lesions do, and the language characteristics of subcortical aphasias often are atypical. The presentation of a difficult-to-classify aphasic syndrome, in the presence of dysarthria and right hemiparesis, should lead to suspicion of a subcortical lesion.









Pure Alexia without Agraphia


Alexia, or acquired inability to read, is a form of aphasia, according to the definition given at the beginning of this chapter. The classic syndrome of alexia, pure alexia without agraphia, was described by the French neurologist Dejerine in 1892. This syndrome may be thought of as a linguistic blindfolding (or “pure word blindness”) in that patients can write but cannot read their own writing. On bedside examination, speech, auditory comprehension, and repetition are normal. Naming may be deficient, especially for colors. Patients initially cannot read at all; as they recover, they learn to read letter by letter, spelling out words laboriously. They cannot read words at a glance as normal readers do. By contrast, they quickly understand words spelled orally to them, and they can spell normally, both orally and in writing. Some patients can match words to pictures, indicating that some subconscious awareness of the word is present, perhaps in the right hemisphere. Associated deficits include a right hemianopia or right upper quadrant defect in nearly all patients and frequently a deficit of short-term memory. There usually is no hemiparesis or sensory loss.


The causative lesion in pure alexia is nearly always a stroke in the territory of the left posterior cerebral artery, with infarction of the medial occipital lobe, often the splenium of the corpus callosum, and often the medial temporal lobe. Dejerine postulated a disconnection between the intact right visual cortex and left hemisphere language centers, particularly the angular gyrus. Fig. 12A.6 is an adaptation of Dejerine’s original diagram; Fig. 12A.7 shows an MRI of a patient with alexia without agraphia. Geschwind later rediscovered this “disconnection” hypothesis. Although Damasio and Damasio found splenial involvement in only 2 of 16 cases, they postulated a disconnection within the deep white matter of the left occipital lobe. As in the disconnection hypothesis for conduction aphasia, the theory fails to explain all the behavioral phenomena, such as the sparing of single-letter reading. A deficit in immediate memory span for visual language elements or an inability to perceive multiple letters at once (simultanagnosia) also can explain many features of the syndrome. Typical features of pure alexia without agraphia are presented in Table 12A.7.
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Fig. 12A.6 Horizontal brain diagram of pure alexia without agraphia, adapted from that of Dejerine, 1892. Visual information from the left visual field reaches the right occipital cortex but is “disconnected” from the left hemisphere language centers by the lesion in the splenium of the corpus callosum.
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Fig. 12A.7 Magnetic resonance image of the brain obtained using a fluid-attenuated inversion recovery (FLAIR) sequence. The patient was an 82-year-old man with alexia without agraphia. The infarction involves the medial occipital lobe and the splenium of the corpus callosum, within the territory of the left posterior cerebral artery.




Table 12A.7 Bedside Features of Pure Alexia without Agraphia






	Feature

	Syndrome






	Spontaneous speech

	Intact






	Naming

	± Impaired, especially colors






	Comprehension

	Intact






	Repetition

	Intact






	Reading

	Impaired (some sparing of single letters)






	Writing

	Intact






	Associated signs

	Right hemianopia or superior quadrantanopia






	 

	Short-term memory loss






	 

	Motor, sensory signs usually absent














Alexia with Agraphia


The second classic alexia syndrome, alexia with agraphia, described by Dejerine in 1891, may be thought of as an acquired illiteracy in which a previously literate patient is rendered unable to read or write. The oral language modalities of speech, naming, auditory comprehension, and repetition are largely intact, but in many cases the patient demonstrates a fluent paraphasic speech pattern with impaired naming. This syndrome thus overlaps Wernicke aphasia, especially in cases in which reading is more impaired than auditory comprehension. Associated deficits include right hemianopia and elements of the Gerstmann syndrome: agraphia, acalculia, right-left disorientation, and finger agnosia. The lesions typically involve the inferior parietal lobule, especially the angular gyrus. Etiologic disorders include strokes in the territory of the angular branch of the left middle cerebral artery and mass lesions in the same region. Characteristic features of the syndrome of alexia with agraphia are summarized in Table 12A.8.


Table 12A.8 Bedside Features of Alexia with Agraphia






	Feature

	Syndrome






	Spontaneous speech

	Fluent, often some paraphasia






	Naming

	± Impaired






	Comprehension

	Intact or less impaired than reading






	Repetition

	Intact






	Reading

	Severely impaired






	Writing

	Severely impaired






	Associated signs

	Right hemianopia






	 

	Motor, sensory signs usually absent














Aphasic Alexia


In addition to the two classic alexia syndromes, many patients with aphasia have associated reading disturbance. Examples already cited are the “third alexia” of Broca aphasia and the reading deficit of Wernicke aphasia. Neurolinguists and cognitive psychologists have divided alexias according to breakdown in specific stages of the reading process. The linguistic concepts of surface structure versus the deep meanings of words have been instrumental in these new classifications. Four patterns of alexia (or “dyslexia” in British usage) have been recognized: letter-by-letter, deep, phonological, and surface dyslexia. Fig. 12A.8 diagrams the steps in the reading process and the points of breakdown in the four syndromes. Letter-by-letter dyslexia is equivalent to pure alexia without agraphia. Deep dyslexia is a severe reading disorder in which patients recognize and read aloud only familiar words, especially concrete, imageable nouns and verbs. They make semantic or visual errors in reading and fail completely in reading nonsense syllables or nonwords. Word reading is not affected by word length or regularity of spelling; one patient, for example, could read “ambulance” but not “am.” Most cases are characterized by severe aphasia, with extensive left frontoparietal damage.
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Fig. 12A.8 Neurolinguistic model of the reading process. Evidence from studies of the alexias points to three separate routes to reading: 1, the phonological (or grapheme-phoneme conversion) route; 2, the semantic (or lexical-semantic-phonological) route; and 3, the nonlexical phonological route. In deep dyslexia, only route 2 can operate; in phonological dyslexia, 3 is the principal pathway; in surface dyslexia, only 1 is functional.


(Adapted with permission from Margolin, D.I., 1991. Cognitive neuropsychology. Resolving enigmas about Wernicke’s aphasia and other higher cortical disorders. Arch Neurol 48, 751-765.)





Phonological dyslexia is similar to deep dyslexia, with poor reading of nonwords, but single nouns and verbs are read in a nearly normal fashion, and semantic errors are rare. Patients appear to read words without understanding. The fourth type, surface dyslexia, involves spared ability to read laboriously by grapheme-phoneme conversion but inability to recognize words at a glance. These patients can read nonsense syllables but not words of irregular spelling, such as “colonel” or “yacht.” Their errors tend to be phonological rather than semantic or visual (e.g., pronouncing “rough” and “though” alike).









Agraphia


Like reading, writing may be affected either in isolation (pure agraphia) or in association with aphasia (aphasic agraphia). In addition, writing can be impaired by motor disorders, apraxia, and visuospatial deficits. Isolated agraphia has been described with left frontal or parietal lesions.


Agraphias can be analyzed in the same way as alexias (Fig. 12A.9). Thus, phonological agraphia involves the inability to convert phonemes into graphemes or to write pronounceable nonsense syllables in the presence of ability to write familiar words. Deep dysgraphia is similar to phonological agraphia, but the patient can read nouns and verbs better than articles, prepositions, adjectives, and adverbs. In lexical or surface dysgraphia, patients can write regularly spelled words and pronounceable nonsense words but not irregularly spelled words. These patients have intact phoneme-grapheme conversion but cannot write by a whole-word or “lexical” strategy.
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Fig. 12A.9 Neurolinguistic model of writing and the agraphias. In deep agraphia, only the semantic (phonological-semantic-lexical) route (1) is operative. In phonological agraphia, route 2, the nonlexical phonological route, produces written words directly from spoken words. In surface agraphia, only route 3, the phoneme-grapheme pathway, can be used to generate writing.














Language in Right Hemisphere Disorders


Language and communication disorders are important even in patients with right hemisphere disease. First, left-handed patients may have right hemisphere language dominance and may acquire aphasic syndromes due to right hemisphere lesions. Second, right-handed patients occasionally become aphasic after right hemisphere strokes, a phenomenon called crossed aphasia (Bakar et al., 1996). These patients presumably have crossed or mixed dominance. Third, even right-handed persons with typical left hemisphere dominance for language have subtly altered language function after right hemisphere damage. Such patients are not aphasic in that the fundamental mechanisms of speech production, repetition, and comprehension are undisturbed. Affective aspects of language are impaired, however, such that the speech sounds flat and unemotional; the normal prosody or emotional intonation of speech is lost. Syndromes of loss of emotional aspects of speech are termed aprosodias. Motor aprosodia involves loss of expressive emotion with preservation of emotional comprehension; sensory aprosodia involves loss of comprehension of affective language, also called affective agnosia. In addition to emotional tone, stress and emphasis within a sentence are affected by right hemisphere dysfunction. Of greater importance, such vital aspects of human communication as metaphor, humor, sarcasm, irony, and related constituents of language that transcend the literal meaning of words are especially sensitive to right hemisphere dysfunction. These deficits significantly impair patients in the pragmatics of communication. In other words, right hemisphere–damaged patients understand what is said, but not how it is said. They may have difficulty following a complex story. Such higher-level language deficits are related to the right hemisphere disorders of inattention and neglect, discussed in Chapters 4 and 36.









Language in Dementing Diseases


Language impairment is commonly seen in patients with dementia. Despite considerable variability from patient to patient, two patterns of language dissolution can be described. The first, the common presentation of Alzheimer disease (AD), involves early loss of memory and general cognitive deterioration. In these patients, mental status examinations are most remarkable for deficits in short-term memory, insight, and judgment, but language impairments can be found in naming and in discourse, with impoverished language content and loss of abstraction and metaphor. The mechanics of language, grammatical construction of sentences, receptive vocabulary, auditory comprehension, repetition, and oral reading tend to remain preserved until later stages. By aphasia testing, patients with early AD have anomic aphasia. In later stages, language functions become more obviously impaired. In terms of the components of language mentioned earlier in this chapter, the semantic aspects of language tend to deteriorate first, then syntax, and finally phonology. Reading and writing, the last-learned language functions, are among the first to decline. Auditory comprehension later becomes deficient, whereas repetition and articulation remain normal. The language profile may then resemble that of transcortical sensory or Wernicke aphasia. In terminal stages, speech is reduced to the expression of simple biological wants; eventually, even muteness can develop. By this time, most patients are institutionalized or bedridden.


The second pattern of language dissolution in dementia, considerably less common than the first, involves the gradual onset of a progressive aphasia, often without other cognitive deterioration. Auditory comprehension may be involved early in the illness, and specific aphasic symptoms are evident, such as paraphasic or nonfluent speech, misnaming, and errors of repetition. These deficits worsen gradually, mimicking the course of a brain tumor or mass lesion rather than that of a typical dementia (Grossman et al., 1996; Mesulam, 2001, 2003). The syndrome generally is referred to as primary progressive aphasia. CT scans may show focal atrophy in the left perisylvian region, whereas electroencephalographic studies may show focal slowing. PET has shown prominent areas of decreased metabolism in the left temporal region and adjacent cortical areas.


Primary progressive aphasia (PPA) is now considered a variant of a more general category of dementing illnesses called frontotemporal dementia (FTD) (Neary and Snowden, 1996; Neary et al., 1998; Josephs, 2008). There are several variants. Mesulam’s patients with PPA had largely nonfluent, Broca-like patterns of aphasia (2001, 2003). A progressive fluent aphasia with impaired naming and loss of understanding of words has been termed semantic dementia, often associated with surface alexia (Hodges and Patterson, 2007). A third type of progressive aphasia, the logopenic phonological type (Gorno-Tempini et al., 2008), is associated with AD. In general, patients with fluent aphasia who come to autopsy may have either AD or FTD, whereas those with nonfluent aphasia generally have non-Alzheimer disorders. The two most common subtypes in progressive nonfluent aphasia are those with tau staining and those with ubiquitin staining. Many familial cases of FTD have had genetic mutations in the tau gene on chromosome 17 (Heutink et al., 1997), whereas those with ubiquitin pathology may have mutations in the progranulin gene, related to the TAR-DNA binding protein (TDP-43) (Baker et al., 2006; Cruts et al., 2006; Hodges et al., 2004). Other variants include corticobasal degeneration and mixed FTD with motor neuron disease. In one study of 10 patients with PPA followed prospectively until they became nonfluent or mute, Kertesz and Munoz (2003) found that at autopsy, all had evidence of FTD: corticobasal degeneration in four, Pick body dementia in three, and tau and synuclein negative ubiquinated inclusions of the motor neuron disease in three. Kertesz and colleagues (2000) have proposed that Pick disease, FTD, corticobasal degeneration, and PPA should be linked together under the term Pick complex. Imaging studies have shown that primary progressive aphasia often is associated with atrophy in the left frontotemporal region, and other areas such as the fusiform and precentral gyri and intraparietal sulcus are activated, possibly as a compensatory neuronal strategy (Sonty et al., 2003). Whitwell and colleagues (2006) have used voxel-based MRI morphometry to delineate different patterns of atrophy in FTD associated with motor neuron disease versus ubiquitin pathology. Cases of isolated aphasia secondary to Creutzfeldt-Jakob disease have been reported, but these usually progress to dementia over a period of months.









Clinical Investigations in the Aphasic Patient






Preliminary Evaluation


The bedside language examination is useful in forming a preliminary impression of the type of aphasia and the localization of the causative lesion. Follow-up examinations also are helpful; as in all neurological diagnosis, the evolution of a neurological deficit over time is the most important clue to the specific disease process. For example, an embolic stroke and a brain tumor both may produce Wernicke aphasia, but strokes occur suddenly, with improvement thereafter, whereas tumors produce gradually worsening aphasia.









Other Useful Tests


In addition to the bedside examination, a large number of standardized aphasia test batteries have been published. The physician should think of these tests as more detailed extensions of the bedside examination. They have the advantage of quantitation and standardization, permitting comparison over time and, in some cases, even a diagnosis of the specific aphasia syndrome. Research on aphasia depends on these standardized tests.


For neurologists, the most helpful battery is the Boston Diagnostic Aphasia Examination or its Canadian adaptation, the Western Aphasia Battery. Both tests provide subtest information analogous to that obtained with the bedside examination, and therefore meaningful to neurologists, as well as aphasia syndrome classification. The Porch Index of Communicative Ability quantitates performance in many specific functions, allowing comparison over time. Other aphasia tests are designed to evaluate specific language areas. For example, the Boston Naming Test evaluates a wide variety of naming stimuli, whereas the Token Test evaluates higher-level comprehension deficits. Further information on neuropsychological tests can be found in Chapter 34.


More specific diagnosis in the aphasic patient rests on the confirmation of a brain lesion by neuroimaging (Fig. 12A.10). The CT brain scan (discussed in Chapter 33A) revolutionized the localization of aphasia by permitting “real-time” delineation of a focal lesion in a living patient; previously, the physician had to outlive the patient to obtain a clinical-pathological correlation at autopsy. MRI provides better resolution of areas difficult to see on CT images, such as the temporal cortex adjacent to the petrous bones, and more sensitive detection of tissue pathology, such as early changes of infarction. The anatomical distinction of cortical from subcortical aphasia is best made by MRI. Acute strokes are visualized early on diffusion-weighted MRI.
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Fig. 12A.10 A, Coronal T1-weighted magnetic resonance imaging study of the brain of a patient with primary progressive aphasia. Note the marked atrophy of the left temporal lobe. B, Axial fluorine-2 deoxyglucose positron emission tomography (PET) scans showing extensive hypometabolism in the left cerebral hemisphere, especially marked in the left temporal lobe.




The electroencephalogram (EEG) is helpful in aphasia in localizing seizure discharges, interictal spikes, and slowing seen after destructive lesions such as traumatic contusions and infarctions. The EEG can provide evidence that aphasia is an ictal or a postictal phenomenon and can furnish early clues in aphasia secondary to mass lesions or herpes simplex encephalitis. In research applications, electrophysiological testing via subdural grid and depth electrodes or stimulation mapping of epileptic foci in preparation for epilepsy surgery have aided in the identification of cortical areas involved in language.


Cerebral arteriography is useful in the diagnosis of aneurysms, arteriovenous malformations (AVMs), arterial occlusions, vasculitis, and venous outflow obstructions. In preparation for epilepsy surgery, the Wada test, or infusion of amobarbital through an arterial catheter, is useful in the determination of language dominance. Other related studies using language activation with functional MRI (fMRI) or PET are beginning to rival the Wada test for the study of language dominance (Abou-Khalil and Schlaggar, 2002).


Single photon emission CT (SPECT), PET, and functional MRI (fMRI; see Chapter 33C) are contributing greatly to the study of language. Patterns of brain activation in response to language stimuli have been recorded, mainly in normal persons, and these studies have largely confirmed the localizations based on clinicopathological findings in disorders such as stroke over the past 140 years. In addition, these techniques can be used to map areas of the brain that activate during language functions after insults such as strokes, and the pattern of recovery can be studied. Some such studies have indicated right hemisphere activation in patients recovering from aphasia (Cappa et al., 1997), whereas others have found that only left hemisphere activation is associated with full recovery (Heiss et al., 1999). A recent fMRI study (Saur et al., 2006) has suggested hypometabolism in the language cortex shortly after an ischemic insult, followed by increased activation of homologous areas in the contralateral hemisphere, and then a shift back to the more normal pattern of left hemisphere activation. Subcortical contributions to aphasia and language in degenerative conditions have been studied with PET. These techniques provide the best correlation between brain structure and function currently available and should help advance our understanding of language disorders and their recovery.












Differential Diagnosis


Vascular lesions, especially ischemic strokes, constitute the most common cause of aphasia. Historically, most research studies in aphasia have used stroke patients because stroke is an “experiment” of nature in which one area of the brain is damaged while the rest remains theoretically intact. Strokes are characterized by the abrupt onset of a neurological deficit in a patient with vascular risk factors. The precise temporal profile is important: most embolic strokes are sudden and maximal at onset, whereas thrombotic strokes typically wax and wane or increase in steps. The bedside aphasia examination is helpful in delineating the vascular territory affected. For example, the sudden onset of Wernicke aphasia nearly always indicates an embolus to the inferior division of the left middle cerebral artery. Global aphasia may be caused by an embolus to the middle cerebral artery stem, thrombosis of the internal carotid artery, or even a hemorrhage into the deep basal ganglia. Whereas most aphasic syndromes involve the territory of the left middle cerebral artery, transcortical motor aphasia is specific to the anterior cerebral territory, and pure alexia without agraphia is specific to the posterior cerebral artery territory. The clinical features of the aphasia are thus of crucial importance to the vascular diagnosis.


Hemorrhagic strokes also are an important cause of aphasia, most commonly the basal ganglionic hemorrhages associated with hypertension. The deficits tend to worsen gradually over minutes to hours, in contrast with the sudden or stepwise onset of ischemic strokes. Headache, vomiting, and obtundation are more common with hemorrhages. Because hemorrhages compress cerebral tissue without necessarily destroying it, the ultimate recovery from aphasia often is better in hemorrhages than in ischemic strokes, although hemorrhages more often are fatal. Other potential causes of intracerebral hemorrhage include anticoagulants, head injury, blood dyscrasias, thrombocytopenia, and bleeding into structural lesions, such as infarctions, tumors, AVMs, and aneurysms. Hemorrhages from AVMs mimic strokes, with abrupt onset of focal neurological deficit. Ruptured aneurysms, on the other hand, manifest with severe headache and stiff neck or with coma; most patients have no focal deficits, but delayed deficits (e.g., aphasia) may develop secondary to vasospasm. Lobar hemorrhages may occur in elderly patients without hypertension. These hemorrhages occur near the cortical surface, sometimes extending into the subarachnoid space, and they may be recurrent. Histopathological studies have shown amyloid deposition in small arterioles, or amyloid angiopathy. A final vascular cause of aphasia is cerebral vasculitis (see Chapter 51E).


Traumatic brain injury is a common cause of aphasia. Cerebral contusions, depressed skull fractures, and hematomas of the intracerebral, subdural, and epidural spaces all cause aphasia when they disrupt or compress left hemisphere language structures. Trauma tends to be less localized than ischemic stroke; accordingly, aphasia often is admixed with the general effects of the head injury, such as depressed consciousness, encephalopathy or delirium, amnesia, and other deficits. Head injuries in young people may be associated with severe deficits but excellent long-term recovery. Language deficits, especially those that involve discourse organization, can be found in most cases of significant closed head injury. Gunshot wounds produce focal aphasic syndromes, which rival stroke as a source of clinical-anatomical correlation. Subdural hematomas are infamous for mimicking other neurological syndromes. Aphasia occasionally is associated with subdural hematomas overlying the left hemisphere, but it may be mild and may be overlooked because of the patient’s more severe complaints of headache, memory loss, and drowsiness.


Tumors of the left hemisphere frequently manifest with aphasia. The onset of the aphasia is gradual, and edema and mass effect may result in other cognitive deficits. Aphasia secondary to an enlarging tumor may thus be difficult to distinguish from a diffuse encephalopathy or early dementia. Any syndrome of abnormal language function should therefore be investigated for a focal, dominant hemisphere lesion.


Infections of the nervous system may cause aphasia. Brain abscesses can mimic tumors in every respect, and those in the left hemisphere can manifest with progressive aphasia. Chronic infections such as tuberculosis or syphilis can result in focal abnormalities that run the entire gamut of central nervous system symptoms and signs. Herpes simplex encephalitis has a predilection for the temporal lobe and orbital frontal cortex, and aphasia can be an early manifestation, along with headache, confusion, fever, and seizures. Aphasia often is a permanent sequela in survivors of herpes encephalitis. Acquired immunodeficiency syndrome (AIDS) is rapidly becoming a common cause of language disorders. Opportunistic infections can cause focal lesions anywhere in the brain, and the neurotropic human immunodeficiency virus (HIV) agent itself produces a dementia (AIDS dementia complex) in which language deficits play a part.


Aphasia frequently is caused by the degenerative central nervous system diseases. Reference has already been made to the focal progressive aphasia in patients with FTD, versus the more diffuse cognitive deterioration characteristic of AD. Language dysfunction in AD may be more common in familial cases and may predict poor prognosis. Cognitive deterioration in patients with Parkinson disease (PD) also may include language deterioration similar to that of AD, although PD tends to involve more fluctuation in orientation and greater tendency to active hallucinations and delusions. A striking abnormality of speech—that is, initial stuttering followed by true aphasia and dementia—has been described in the dialysis dementia syndrome, which has all but disappeared in recent years after removal of aluminum from dialysis fluids. This disorder may be associated with spongiform degeneration of the frontotemporal cortex similar to that in Creutzfeldt-Jakob disease. Paraphasic substitutions and nonsense speech also are occasionally encountered in acute encephalopathies such as hyponatremia or lithium toxicity.


A final cause of aphasia is seizures. Seizures can be associated with aphasia in children as part of the Landau-Kleffner syndrome or in adults as either an ictal or postictal Todd phenomenon. Epileptic aphasia is important to recognize because anticonvulsant drug therapy can prevent the episodes, and unnecessary investigation or treatment for a suspected new lesion, such as a stroke, can be avoided. As mentioned earlier, localization of language areas in epileptic patients has contributed greatly to the knowledge of language organization in the brain. Greater than 15% of young epileptic patients have no Broca or Wernicke area. In addition, a new language area, the basal temporal language area (BTLA) has been discovered through epilepsy stimulation studies and only later confirmed in patients with spontaneous seizures (Kirshner et al., 1995).









Recovery and Rehabilitation of the Patient with Aphasia


Patients with aphasia from acute disorders such as stroke generally show spontaneous improvement over days, weeks, and months. In general, the greatest recovery occurs during the first 3 months, but improvement may continue over a prolonged period, especially in young patients and in persons with global aphasia. The aphasia type often changes during recovery: global aphasia evolves into Broca aphasia, and Wernicke aphasia into conduction or anomic aphasia. Language recovery may be mediated by shifting of functions to the right hemisphere or to adjacent left hemisphere regions. As mentioned earlier, studies of language activation PET and SPECT scanning techniques are advancing our understanding of the neuroanatomy of language recovery (Heiss et al., 1999). In addition, study of patients in the very acute phase of aphasia with techniques of diffusion and perfusion-weighted MRI has suggested less variability in the correlation of comprehension impairment with left temporal ischemia than has been suggested from testing of patients with chronic aphasia, after recovery and compensation have commenced (Hillis et al., 2001).


Speech therapy provided by speech/language pathologists attempts to facilitate language recovery by a variety of techniques and to help the patient compensate for lost functions (see Chapter 48). Repeated practice in articulation and comprehension tasks traditionally has been used to stimulate improvement. Other techniques include melodic intonation therapy, which uses melody to involve the right hemisphere in speech production; visual action therapy, which uses gestural expression; and treatment of aphasic perseveration, which aims to reduce repetitive utterances. Two other therapeutic techniques are functional communication therapy, which takes advantage of extralinguistic communication, and cVIC or Lingraphica, a computer program originally developed for primate communication. Patients who cannot speak can learn to produce simple sentences via computer. Augmentative devices make language expression possible through use of printers or voice simulators.


Speech therapy has remained controversial. Some studies have suggested that briefly trained volunteers can induce as much improvement as that achieved by speech/language pathologists, but large randomized trials have clearly indicated that patients who undergo formal speech therapy recover better than untreated patients (Robey, 1998). A recent Cochrane review also supports the efficacy of intensive speech/language therapy over conventional therapy (Kelly, Brady, and Enderby, 2010).


A new approach to language rehabilitation is the use of pharmacological agents to improve speech. In 1998, Albert and colleagues first reported that the dopaminergic drug, bromocriptine, promotes spontaneous speech output in transcortical motor aphasia. Several other studies have supported use of this drug in nonfluent aphasias, although a recent controlled study showed no benefit (Ashtary et al., 2006). Stimulant drugs also are being tested in aphasia rehabilitation. As new information accumulates on the neurochemistry of cognitive functions, other pharmacological therapies may be forthcoming.


Other new approaches to aphasia therapy include both transcranial magnetic stimulation (Martin, Naeser, and Ho, 2009) and transcranial direct-current stimulation (Baker et al., 2010). These are preliminary exploratory studies, and it remains to be seen from larger studies how effective these stimulation techniques will be.
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Motor Speech Disorders: Overview


Motor speech disorders are syndromes of abnormal articulation, the motor production of speech, without abnormalities of language. A patient with a motor speech disorder can produce normal expressive language in writing and can comprehend both spoken and written language. If a listener transcribes the speech of a patient with a motor speech disorder into print or type and then reads it, the text should sound normal. Motor speech disorders include dysarthrias, disorders of speech articulation, and apraxia of speech, a motor programming disorder for speech, as well as four rarer syndromes: aphemia, the foreign accent syndrome, acquired stuttering, and the opercular syndrome. Duffy (1995), in an analysis of speech and language disorders at the Mayo Clinic, reported that 46.3% of the patients had dysarthria, 27.1% aphasia, 4.6% apraxia of speech, 9% other speech disorders (such as stuttering), and 13% other cognitive or linguistic disorders.









Dysarthrias


Dysarthrias involve the abnormal articulation of sounds or phonemes. The pathogenic mechanism in dysarthria is abnormal neuromuscular activation of the speech muscles, affecting the speed, strength, timing, range, or accuracy of movements involving speech (Duffy, 1995). The most consistent finding in dysarthria is the distortion of consonant sounds. Speech disorders can be mechanical, as in patients with physical disorders of the pharynx and larynx, but dysarthrias are neurogenic, related to dysfunction of the central nervous system, nerves, neuromuscular junction, or muscle, with a contribution of sensory deficits in some cases. Dysarthria can affect not only articulation but also phonation, breathing, and prosody (emotional tone) of speech. Total loss of ability to articulate is called anarthria.


Like the aphasias, dysarthrias can be analyzed in terms of the brain lesion sites associated with specific patterns of speech impairment. Analysis of dysarthria at the bedside is useful for the localization of neurological lesions and the diagnosis of neurological disorders. An experienced examiner should be able to recognize the major types of dysarthria, rather than referring to “dysarthria” as a single disorder.


The examination of speech at the bedside should include having the patient repeat syllables, words, and sentences. Repeating consonant sounds (such as /p/, /p/, /p/) or shifting consonant sounds (/p/, /t/, /k/) can help identify which consonants consistently cause trouble. Repetition of polysyllabic words such as “impossibility” or “catastrophe” 4 or 5 times can elicit both the consistent errors of dysarthria and the inconsistent errors of apraxia of speech (see later discussion).


The Mayo Clinic classification of dysarthria (Duffy, 1995), widely used in the United States, includes six categories: (1) flaccid, (2) spastic and “unilateral upper motor neuron,” (3) ataxic, (4) hypokinetic, (5) hyperkinetic, and (6) mixed dysarthria. These types of dysarthria are summarized in Table 12B.1.




Table 12B.1 Classification of the Dysarthrias
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Flaccid dysarthria is associated with disorders involving lower motor neuron weakness of the bulbar muscles, such as polymyositis, myasthenia gravis, and bulbar poliomyelitis. The speech pattern is breathy and nasal, with indistinctly pronounced consonants. In the case of myasthenia gravis, the patient may begin reading a paragraph with normal enunciation, but by the end of the paragraph the articulation is soft, breathy, and frequently interrupted by labored respirations.


Spastic dysarthria occurs in patients with bilateral lesions of the motor cortex or corticobulbar tracts, such as bilateral strokes. The speech is harsh or “strain-strangle” in vocal quality, with reduced rate, low pitch, and consonant errors. Patients often have associated features of pseudobulbar palsy, including dysphagia, exaggerated jaw jerk and gag reflexes, and easy laughter and crying (synonyms: emotional incontinence, pseudobulbar affect, or pathological laughter and crying). Another variant is the opercular syndrome, described later in this chapter.


A milder variant of spastic dysarthria, unilateral upper motor neuron (UUMN) dysarthria, is associated with unilateral upper motor neuron lesions, such as strokes (Duffy, 1995). This type of dysarthria has similar features to spastic dysarthria, but UUMN dysarthria is less severe. Unilateral upper motor neuron dysarthria is one of the most common types of dysarthria, since it occurs in patients with unilateral strokes. In a study by Urban and colleagues (2006), left hemisphere strokes were more likely than right hemisphere strokes to be associated with dysarthria.


Ataxic dysarthria, associated with cerebellar disorders, is characterized by one of two patterns: irregular breakdowns of speech with explosions of syllables interrupted by pauses, or a slow cadence of speech with excessively equal stress on every syllable. The second pattern of ataxic dysarthria is referred to as scanning speech. A patient with ataxic dysarthria, attempting to repeat the phoneme /p/ as rapidly as possible, for example, produces either an irregular rhythm, resembling popcorn popping, or a very slow rhythm. Causes of ataxic dysarthria include cerebellar strokes, tumors, multiple sclerosis, and cerebellar and spinocerebellar degenerations. A recent report localized ataxic dysarthria to the upper cerebellar loci of the quadrangularis and simplex lobules by magnetic resonance imaging (MRI) (Ogawa et al., 2010).


Hypokinetic dysarthria, the typical speech pattern in Parkinson disease (PD), is notable for decreased and monotonous loudness and pitch, rapid rate, and occasional consonant errors. In a study of brain activation by positron emission tomography (PET) methodology, Liotti and colleagues (2003) described premotor and supplementary motor area activation in patients with PD and untreated hypokinetic dysarthria, but not in normal subjects. After completion of a voice treatment protocol, these premotor and motor activations diminished, whereas right-sided basal ganglia activations increased.


Hyperkinetic dysarthria, a pattern in some ways the opposite of hypokinetic dysarthria, is characterized by marked variation in rate, loudness, and timing, with distortion of vowels, harsh voice quality, and occasional sudden stoppages of speech. This speech pattern is seen in hyperkinetic movement disorders such as Huntington disease (HD) and dystonia musculorum deformans.


The final category, mixed dysarthria, involves combinations of the other five types. One common mixed dysarthria is a spastic-flaccid dysarthria, seen in amyotrophic lateral sclerosis (ALS). The ALS patient has the harsh, strain-strangle voice quality of spastic dysarthria, combined with the breathy and hypernasal quality of flaccid dysarthria. Multiple sclerosis may feature a spastic-flaccid-ataxic or spastic-ataxic mixed dysarthria, in which slow rate or irregular breakdowns are added to the other characteristics seen in spastic and flaccid dysarthria. Wilson disease can involve hypokinetic, spastic, and ataxic features.


The management of dysarthria includes speech therapy techniques to strengthen muscles, train more precise articulations, slow the rate of speech to increase intelligibility, or teach the patient to stress specific phonemes. Devices such as pacing boards to slow articulation, palatal lifts to reduce hypernasality, amplifiers to increase voice volume, communication boards for subjects to point to pictures, and augmentative communication devices and computer techniques can be used when the patient is unable to communicate in speech. Visual cues may help dysarthric speakers become more intelligible (Hustad and Garcia, 2005). Surgical procedures such as a pharyngeal flap to reduce hypernasality or vocal fold Teflon injection or transposition surgery to increase loudness may help the patient speak more intelligibly. Treatment of PD can improve dysarthria in terms of both speech therapy and pharmacological treatments (DeLetter et al., 2005; Pinto et al., 2004; Trail et al., 2005), but surgical or deep brain stimulation procedures occasionally result in worsened intelligibility (Farrell et al., 2005; Guehl et al., 2006). In general, few randomized trials have examined the efficacy of speech therapy techniques for dysarthria (Sellars et al., 2005). A more detailed discussion of dysarthria can be found in Kirshner (2002).









Apraxia of Speech


Apraxia of speech is a disorder of the programming of articulation of sequences of phonemes, especially consonants. The motor speech system makes errors in selection of consonant phonemes in the absence of any weakness, slowness, or incoordination of the muscles of speech articulation. The term apraxia of speech implies that the disorder is one of a skilled, sequential motor activity (as in other apraxias) rather than a primary motor disorder. Consonants frequently are substituted rather than distorted, as in dysarthria. Patients have special difficulty with polysyllabic words and consonant shifts as well as in initiating articulation of a word. Errors are inconsistent from one attempt to the next, in contrast with the consistent distortion of phonemes in dysarthria (Ogar et al., 2005).


The four cardinal features of apraxia of speech are (1) effortful, groping, or trial-and-error attempts at speech with efforts at self-correction, (2) dysprosody, (3) inconsistencies in articulation errors, and (4) difficulty with initiating utterances. Usually the patient has the most difficulty with the first phoneme of a polysyllabic utterance. The patient may make an error in attempting to produce a word on one trial, a different error the next time, and a normal utterance the third time. Apraxia of speech involves primarily consonant transitions; vowels are relatively unaffected (Jacks et al., 2010). A study of the diagnosis of apraxia of speech by speech pathologists viewing videoclips of patients showed very good reliability and consistency of diagnosis (Mumby et al., 2007).


Apraxia of speech is rare in isolated form, but it frequently contributes to the speech and language deficit of Broca aphasia. A patient with apraxia of speech in addition to aphasia often can write better than he or she can speak, and comprehension is relatively preserved. Dronkers (1996) presented evidence from CT and MRI scans indicating that although the anatomical lesions vary, patients with apraxia of speech virtually always have damage in the left hemisphere insula, whereas patients without apraxia of speech do not. More recent MRI correlations of apraxia of speech in acute stroke patients by Hillis and colleagues (2004), however, have pointed to the traditional Broca area in the left frontal cortex as the site of damage in apraxia of speech.


Apraxia of speech also occurs in neurodegenerative disorders. In a recent review of 17 cases of progressive aphasia or apraxia of speech, Josephs and colleagues (2006) found apraxia of speech in 11 cases, all with conditions associated with tau pathology, such as progressive supranuclear palsy, corticobasal degeneration, and frontotemporal dementia or Pick disease. Voxel-based morphometric studies of the MRIs from these patients showed predominant atrophy in the precentral and supplementary cortices with apraxia of speech and in the perisylvian cortex in primary progressive aphasia.









Other Motor Speech Disorders






Oral or Buccolingual Apraxia


Apraxia of speech is not the same as oral-buccal-lingual apraxia, or ideomotor apraxia for learned movements of the tongue, lips, and larynx. Oral apraxia can be elicited by asking the affected person to lick the upper lip, smile, or stick out the tongue. Both oral apraxia and apraxia of speech can coexist with Broca aphasia.









Aphemia


Another consideration in the differential diagnosis with both apraxia of speech and dysarthria is the syndrome of aphemia. Broca first used this term (aphemie in French) to designate the syndrome later called Broca aphasia, but in recent years, aphemia has been reserved for a syndrome of near-muteness, with normal comprehension, reading, and writing. Aphemia clearly is a motor speech disorder rather than an aphasia if written language and comprehension are indeed intact. Patients often are anarthric with no speech whatever, and then effortful, nonfluent speech emerges. Some patients have persisting dysarthria with dysphonia and sometimes distortions of articulation that sound similar to foreign accents (as described next). Pure anarthria may be associated with lesions of the face area of the motor cortex. Functional imaging studies also suggest that articulation is mediated at the level of the primary motor face area (Riecker et al., 2000), and disruption of speech articulation can be produced by transcranial magnetic stimulation over the motor face area (Epstein et al., 1999). Controversy remains as to whether aphemia is equivalent to apraxia of speech. In general, aphemia is likely to involve lesions in the vicinity of the primary motor cortex and perhaps the Broca area, whereas apraxia of speech may be localized to the insula (although, see Hillis et al., 2004).









Foreign Accent Syndrome


The foreign accent syndrome is an acquired form of motor speech disorder related to the dysarthrias, in which the patient acquires a dysfluency resembling a foreign accent, usually after a unilateral stroke (Kurowski et al., 1996). The syndrome has also been reported in multiple sclerosis (Chanson et al., 2009), traumatic brain injury (Lippert-Gruener et al., 2005), and in the degenerative disorder known as primary progressive aphasia or frontotemporal dementia (Luzzi et al., 2008). Lesions may involve the motor cortex of the left hemisphere. The dysfluency also can be mixed with aphasia.









Acquired Stuttering


Another uncommon motor speech disorder associated with acquired brain lesions is a pattern resembling developmental stuttering, referred to as acquired stuttering or cortical stuttering. Both developmental and acquired stuttering are associated with hesitancy in producing initial phonemes, pauses in speech, contortions of the face, and sometimes repetition of phonemes and associated dysrhythmia of speech. Acquired stuttering clearly overlaps with apraxia of speech but may lack the other features of apraxia of speech. Acquired stuttering has been described most often in patients with left hemisphere cortical strokes (Franco et al., 2000; Sahin et al., 2005; Turgut et al., 2002), but the syndrome also has been reported with subcortical lesions including infarctions of the pons, basal ganglia, and subcortical white matter (Ciabarra et al., 2000). Acquired stuttering also follows traumatic brain injury (Yeoh et al., 2006) and seizures, especially involving the supplementary motor area (Chung et al., 2004).


The neurobiology of developmental stuttering, a much more common disorder than acquired stuttering, is poorly understood. Stuttering appears to be a genetic disorder involving mutations in genes governing lysosomal metabolism (Kang et al., 2010). A functional MRI study suggested that patterns of cerebral activation during articulation in persons who stutter are different from those in normal persons, with greater right hemisphere activation in stutterers (Van Borsel et al., 2003). PET imaging studies have revealed either reduced left perisylvian hypometabolism (Wu et al., 1998), or increased right hemisphere activation (Fox et al., 2000). Abnormalities in the basal ganglia and in dopamine metabolism have also been suggested (Wu et al., 1997). MRI studies with diffusion anisotropy have suggested delayed or impaired myelination (Cykowski et al., 2010).


The treatment of stuttering involves behavioral techniques (reviewed in Prins and Ingram, 2009); altered auditory feedback techniques (Antipova et al., 2008; Lincoln et al., 2010); and pharmacological therapies with dopamine-blocking drugs such as risperidone, olanzapine (Maguire et al., 2004), or pimozide (Stager et al., 2005), or selective serotonin reuptake inhibitors such as paroxetine (Busan et al., 2009). A new antagonist at the γ-aminobutyric acid (GABA)-A receptor, pagoclone, currently under testing for anxiety disorders, has shown positive results in stuttering (Maguire et al., 2010). Overall, however, pharmacological therapies for stuttering have had limited success (Prasse and Kikano, 2008). In very refractory cases, deep brain stimulation in the vicinity of the centromedial thalamus may be of help (Bhatnagar and Andy, 1989, Bhatnagar and Mandybur, 2005).









Opercular Syndrome


The opercular syndrome, also called Foix-Chavany-Marie syndrome or cheiro-oral syndrome (Bakar et al., 1998), is a severe form of pseudobulbar palsy in which patients with bilateral lesions of the perisylvian cortex or subcortical connections become completely mute. These patients can follow commands involving the extremities but not those mediated by the cranial nerves. For example, they may be unable to open or close the eyes or mouth or to smile voluntarily, yet they smile when amused, yawn spontaneously, and even utter cries in response to emotional stimuli. The ability to follow limb commands shows that the disorder is not an aphasic disorder of comprehension. The discrepancy between automatic activation of the cranial musculature and inability to perform the same actions voluntarily has been called an automatic-voluntary dissociation.
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Swallowing is like a wristwatch. It appears at first glance to be a simple, even mundane, mechanism, but under its unassuming face is a process that is both tremendously complex and fascinating. Swallowing occurs once every minute on average; when operating properly, it functions unobtrusively and is afforded scant attention. Malfunction can go completely unnoticed for a time, but when it finally becomes manifest, serious—sometimes catastrophic—consequences can ensue.


Impaired swallowing, or dysphagia, can originate from disturbances in the mouth, pharynx, or esophagus and can involve mechanical, musculoskeletal, or neurogenic mechanisms. Although mechanical dysphagia is an important topic, this chapter primarily focuses on neuromuscular and neurogenic causes of dysphagia because processes in these categories are most likely to be encountered by the neurologist.


Dysphagia is surprisingly common and has been reported to be present in 5% to 8% of persons over age 50. Dysphagia occurs quite frequently in neurological patients and can occur in a broad array of neurological or neuromuscular conditions. It has been estimated that neurogenic dysphagia develops in approximately 400,000 to 800,000 people per year, and that dysphagia is present in roughly 50% of inhabitants of long-term care units. Moreover, dysphagia can lead to superimposed problems such as inadequate nutrition, dehydration, recurrent upper respiratory infections, and frank aspiration with consequent pneumonia and even asphyxia. It thus constitutes a formidable and frequent problem confronting the neurologist in everyday practice.






Normal Swallowing


Swallowing is a surprisingly complicated and intricate phenomenon. It comprises a mixture of voluntary and reflex, or automatic, actions engineered and carried out by a combination of the 55 muscles of the oropharyngeal, laryngeal, and esophageal regions, along with five cranial nerves and two cervical nerve roots that in turn receive directions from centers within the central nervous system (Schaller et al., 2006). Reflex swallowing is coordinated and carried out at a brainstem level, where centers act directly on information received from sensory structures within the oropharynx and esophagus. Volitional swallowing is, not surprisingly, accompanied by additional activity that originates not only in motor and sensory cortices, but also in other cerebral structures (Hamdy et al., 1999; Zald and Pardo, 1999).


The process of swallowing can conveniently be broken down into three distinct stages or phases: oral, pharyngeal, and esophageal. These components have also been distilled into what have been termed the horizontal and vertical subsystems, reflecting the direction of bolus flow in each component (when the individual is upright when swallowing). The oral phase of swallowing comprises the horizontal subsystem and is largely volitional in character; the pharyngeal and esophageal phases comprise the vertical subsystem and are primarily under reflex control.


In the oral, or swallow-preparatory phase, food is taken into the mouth and, if needed, chewed. Saliva is secreted to provide both lubrication and the initial “dose” of digestive enzymes, and the food bolus is formed and shaped by the tongue. The tongue then propels the bolus backward to the pharyngeal inlet where, in a piston-like action, it delivers the bolus into the pharynx. This initiates the pharyngeal phase, in which a cascade of intricate, extremely rapid, and exquisitely coordinated movements seal off the nasal passages and protect the trachea while the cricopharyngeal muscle, which functions as the upper esophageal sphincter (UES), relaxes and allows the bolus to enter the pharynx. As an example of the intricacy of movements during this phase of swallowing, the UES, prompted in part by traction produced by elevation of the larynx, actually relaxes just prior to arrival of the food bolus, creating suction that assists in guiding the bolus into the pharynx. The bolus then enters the esophagus where peristaltic contractions usher it distally and, on relaxation of the lower-esophageal sphincter, into the stomach. Synchronization of swallowing with respiration such that expiration rather than inspiration immediately follows a swallow, thus reducing the risk of aspiration, is another example of the finely tuned coordination involved in the swallowing mechanism(Mehanna and Jankovic, 2010).









Neurophysiology of Swallowing


Central control of swallowing has traditionally been ascribed to brainstem structures, with cortical supervision and modulation emanating from the inferior precentral gyrus. However, recent positron emission tomography (PET) and transcranial magnetic stimulation (TMS) studies of volitional swallowing reveal a considerably more complex picture in which a broad network of brain regions are active in the control and execution of swallowing.


It is perhaps not surprising that the strongest activation in PET studies of volitional swallowing occurs in the lateral motor cortex within the inferior precentral gyrus, wherein lie the cortical representations of tongue and face. There is disagreement among investigators, however, in that some have noted bilaterally symmetrical activation of the lateral motor cortex (Zald and Pardo, 1999), whereas others have noted a distinctly asymmetrical activation, at least in a portion of subjects tested (Hamdy et al., 1999).


Some additional and perhaps somewhat surprising brain areas are also activated during volitional swallowing (Hamdy et al., 1999; Schaller et al., 2006; Zald and Pardo, 1999). The supplementary motor area may play a role in preparation for volitional swallowing, and the anterior cingulate cortex may be involved with monitoring autonomic and vegetative functions. Another area of activation during volitional swallowing is the anterior insula, particularly on the right. It has been suggested that this activation may provide the substrate that allows gustatory and other intraoral sensations to modulate swallowing. Lesions in the insula may also increase the swallowing threshold and delay the pharyngeal phase of swallowing (Schaller et al., 2006). PET studies also consistently demonstrate distinctly asymmetrical left-sided activation of the cerebellum during swallowing. This activation may reflect cerebellar input concerning coordination, timing, and sequencing of swallowing. Activation of putamen has also been noted during volitional swallowing, but it has not been possible to differentiate this activation from that seen with tongue movement alone.


Within the brainstem, swallowing appears to be regulated by central pattern generators that contain the programs directing the sequential movements of the various muscles involved. The dorsomedial pattern generator resides in the medial reticular formation of the rostral medulla and the reticulum adjacent to the nucleus tractus solitarius and is involved with the initiation and organization of the swallowing sequence (Schaller et al., 2006). A second central pattern generator, the ventrolateral pattern generator, lies near the nucleus ambiguus and its surrounding reticular formation (Prosiegel et al., 2005; Schaller et al., 2006). It serves primarily as a connecting pathway to motor nuclei such as the nucleus ambiguus and the dorsal motor nucleus of the vagus, which directly control motor output to the pharyngeal musculature and proximal esophagus.


It has become evident that a large network of structures participates in the act of swallowing, especially volitional swallowing. The presence of this network presumably accounts for the broad array of neurological disease processes that can produce dysphagia as a part of their clinical picture.









Mechanical Dysphagia


Structural abnormalities, both within and adjacent to the mouth, pharynx, and esophagus, can interfere with swallowing on a strictly mechanical basis, despite fully intact and functioning nervous and musculoskeletal systems (Box 13.1). Within the mouth, macroglossia, temporomandibular joint dislocation, certain congenital anomalies, and intraoral tumors can impede effective swallowing and produce mechanical dysphagia. Pharyngeal function can be compromised by processes such as retropharyngeal tumor or abscess, cervical anterior osteophyte formation, Zenker diverticulum, or thyroid gland enlargement. An even broader array of structural lesions can interfere with esophageal function, including malignant or benign esophageal tumors, metastatic carcinoma, esophageal stricture from numerous causes, vascular abnormalities such as aortic aneurysm or aberrant origin of the subclavian artery, or even primary gastric abnormalities such as hiatal hernia or complications from gastric banding procedures. Gastroesophageal reflux can also produce dysphagia. Individuals with these problems, however, are more likely to be seen by the gastroenterologist rather than the neurologist.





Box 13.1 Mechanical Dysphagia






Oral







Amyloidosis


Congenital abnormalities


Intraoral tumors


Lip injuries:



Burns



Trauma


Macroglossia


Scleroderma


Temporomandibular joint dysfunction


Xerostomia:



Sjögren syndrome












Pharyngeal







Cervical anterior osteophytes


Infection:



Diphtheria


Thyromegaly


Retropharyngeal abscess


Retropharyngeal tumor


Zenker diverticulum












Esophageal







Aberrant origin of right subclavian artery


Caustic injury


Esophageal carcinoma


Esophageal diverticulum


Esophageal infection:



Candida albicans




Herpes simplex virus



Cytomegalovirus



Varicella-zoster virus


Esophageal intramural pseudodiverticula


Esophageal stricture


Esophageal ulceration


Esophageal webs or rings


Gastroesophageal reflux disease


Hiatal hernia


Metastatic carcinoma


Posterior mediastinal mass


Thoracic aortic aneurysm


















Neuromuscular Dysphagia


A variety of neuromuscular disease processes of diverse etiology can involve the oropharyngeal and esophageal musculature and produce dysphagia as part of their broader neuromuscular clinical picture (Box 13.2). Certain muscular dystrophies, inflammatory myopathies, and mitochondrial myopathies all can display dysphagia, as can disease processes affecting the myoneural junction, such as myasthenia gravis.





Box 13.2 Neuromuscular Dysphagia






Oropharyngeal







Inflammatory myopathies:



Dermatomyositis



Inclusion-body myositis



Polymyositis


Mitochondrial myopathies:



Kearns-Sayre syndrome



MNGIE


Muscular dystrophies:



Duchenne



Facio-scapulohumeral



Limb girdle



Myotonic



Oculopharyngeal


Neuromuscular junction disorders:



Botulism



Lambert-Eaton syndrome



Myasthenia gravis



Tetanus


Scleroderma


Stiff man syndrome












Esophageal







Amyloidosis


Inflammatory myopathies:



Dermatomyositis



Polymyositis


Scleroderma





MNGIE, Mitochondrial neurogastro-intestinal encephalomyopathy.












Oculopharyngeal Muscular Dystrophy


Oculopharyngeal muscular dystrophy (OPMD) is a rare autosomal dominant disorder that has a worldwide distribution. It was initially described and is most frequently encountered in individuals with a French-Canadian ethnic background, although its highest reported prevalence is among the Bukhara Jews in Israel (Abu-Baker and Rouleau, 2007). It is the consequence of a GCG trinucleotide repeat expansion in the polyadenylate-binding protein, nuclear 1 gene (PABPN1; also known as poly(A)-binding protein 2 [PABP2]) on chromosome 14. OPMD is unique among the muscular dystrophies because of its appearance in older individuals, with symptoms typically first appearing between ages 40 and 60. It is characterized by slowly progressive ptosis, dysphagia, and proximal limb weakness. Because of the ptosis, patients with OPMD may assume an unusual posture characterized by raised eyebrows and extended neck.


Dysphagia in OPMD is due to impaired function of the oropharyngeal musculature. Although it evolves slowly over many years, OPMD can eventually result not only in difficulty or discomfort with swallowing, but also in weight loss, malnutrition, and aspiration. No specific treatment for the muscular dystrophy itself is available, but cricopharyngeal myotomy affords dysphagia relief in over 80% of treated individuals (Fradet et al., 1997). More recently, botulinum toxin injections have been successfully used to treat dysphagia in OPMD.









Myotonic Dystrophy


Myotonic dystrophy is an autosomal dominant disorder whose phenotypic picture includes not only skeletal muscle but also cardiac, ophthalmological, and endocrinological involvement. Mutations at two distinct locations have now been associated with the clinical picture of myotonic dystrophy (Turner and Hilton-Jones, 2010). Type 1 myotonic dystrophy is due to a CTG expansion in the myotonic dystrophy protein kinase (DMPK) gene on chromosome 19; type 2 is the consequence of a CCTG repeat expansion in the zinc finger protein 9 (ZNF9) gene on chromosome 3.


Gastrointestinal (GI) symptoms develop in more than 50% of individuals with the clinical phenotype of myotonic dystrophy. These may be the most disabling component of the disorder in 25% of individuals with type 1 myotonic dystrophy, and GI symptoms may actually antedate the appearance of other neuromuscular features (Turner and Hilton-Jones, 2010). Subjective dysphagia is one of the most prevalent GI features and has been reported in 37% to 56% of patients (Ertekin et al., 2001b). Coughing when eating, suggestive of aspiration, may occur in 33%. Objective measures paint a picture of even more pervasive impairment, demonstrating disturbances in swallowing in 70% to 80% of persons with myotonic dystrophy (Ertekin et al., 2001b). In one study, 75% of patients asymptomatic for dysphagia were still noted to have abnormalities on objective testing (Marcon et al., 1998).


A variety of abnormalities in objective measures of swallowing have been documented in myotonic dystrophy. Abnormal cricopharyngeal muscle activity is present in 40% of patients during electromyographic (EMG) testing (Ertekin et al., 2001b). Impaired esophageal peristalsis has also been noted in affected individuals studied with esophageal manometry. On videofluoroscopic testing, incomplete relaxation of the UES and esophageal hypotonia are the most frequently noted abnormalities (Marcon et al., 1998). Both muscle weakness and myotonia are felt to play a role in the development of dysphagia in persons with myotonic dystrophy (Ertekin et al., 2001b), and in at least one study, a correlation was noted between the size of the CTG repeat expansion and the number of radiological abnormalities in myotonic patients (Marcon et al., 1998).









Other Muscular Dystrophies


Although less well characterized, dysphagia also occurs in other types of muscular dystrophy. Difficulty swallowing and choking while eating occur with increased frequency in children with Duchenne muscular dystrophy. Dysphagia has also been documented in patients with limb-girdle dystrophy and facioscapulohumeral dystrophy.









Inflammatory Myopathies


Dermatomyositis and polymyositis are the most frequently occurring of the inflammatory myopathic disorders. Both are characterized by progressive, usually symmetrical, weakness affecting proximal muscles more prominently than distal. Fatigue and myalgia may also occur. Malignant disease is associated with the disorder in 10% to 15% of patients with dermatomyositis and 5% to 10% of those with polymyositis. In individuals older than age 65 with these inflammatory myopathies, more than 50% are found to have cancer.


Although dysphagia can develop in both conditions, it more frequently is present in dermatomyositis and when present is more severe. Dysphagia is present in 20% to 55% of individuals with dermatomyositis but in only 18% with polymyositis (Parodi et al., 2002). It is the consequence of involvement of striated muscle in the pharynx and proximal esophagus. Involvement of pharyngeal and esophageal musculature in polymyositis and dermatomyositis is an indicator of poor prognosis and can be the source of significant morbidity. A 1-year mortality rate of 31% has been reported in individuals with inflammatory myopathy and dysphagia (Williams et al., 2003), although other investigators have reported a 1-year survival rate of 89% (Oh et al., 2007).


Dysphagia in persons with inflammatory myopathy may be due to restrictive pharyngo-esophageal abnormalities such as cricopharyngeal bar, Zenker diverticulum, and stenosis. In fact, in one study of 13 patients with inflammatory myopathy, radiographic constrictions were noted in 9 (69%) individuals, compared with 1 of 17 controls with dysphagia of neurogenic origin (Williams et al., 2003). Aspiration was also more common in the patients with myositis (61% versus 41%). The resulting dysphagia can be severe enough to require enteral feeding. Acute total obstruction by the cricopharyngeal muscle has been reported in dermatomyositis, necessitating cricopharyngeal myotomy. Other investigators have reported improvement in 50% of individuals 1 month following cricopharyngeal bar disruption; improvement was still present in 25% at 6 months (Williams et al., 2003). The reason for the formation of restrictive abnormalities in inflammatory myopathy is uncertain, but it may be that long-standing inflammation of the cricopharyngeus muscle impedes its compliance and ability to open fully (Williams et al., 2003).


Dysphagia may also develop in inclusion body myositis. It may even be the presenting symptom (Cox et al., 2009). In the late stages of the disorder, the frequency of dysphagia may actually exceed that seen in dermatomyositis and polymyositis. In a group of individuals in whom inclusion-body myositis mimicked and was confused with motor neuron disease, dysphagia was present in 44% (Dabby et al., 2001). In another study, dysphagia was documented in 37 of 57 (65%) patients with inclusion-body myositis (Cox et al., 2009). Abnormal function of the cricopharyngeal sphincter, probably due to inflammatory involvement of the cricopharyngeal muscle, with consequently reduced compliance, was documented in 37%. A focal inflammatory myopathy involving the pharyngeal muscles and producing isolated pharyngeal dysphagia has also been described in individuals older than age 69. It has been suggested that this is a distinct clinical entity characterized by cricopharyngeal hypertrophy, although polymyositis localized to the pharyngeal musculature has also been reported.


Dysphagia in both dermatomyositis and polymyositis may respond to corticosteroids and other immunosuppressive drugs, and these remain the mainstay of treatment. Intravenous immunoglobulin therapy has produced dramatic improvement in dysphagia in individuals who were unresponsive to steroids. However, inclusion-body myositis typically responds poorly to these agents, and myotomy is often necessary (Ebert, 2010; Oh et al., 2007).









Mitochondrial Disorders


The mitochondrial disorders are a family of diseases that develop as a consequence of dysfunction in the mitochondrial respiratory chain. Most are the result of mutations in mitochondrial deoxyribonucleic acid (DNA) genes, but nuclear DNA mutations may be responsible in some. Mitochondrial disorders are by nature multisystemic, but myopathic and neurological features often predominate, and symptoms may vary widely even between individuals within the same family.


In addition to the classic constellation of symptoms that includes progressive external ophthalmoplegia, retinitis pigmentosa, cardiac conduction defects, and ataxia, individuals with Kearns-Sayre syndrome may also develop dysphagia. Severe abnormalities of pharyngeal and upper-esophageal peristalsis have been documented in this disorder. Cricopharyngeal dysfunction is common, and impaired deglutitive coordination may also develop.


Dysphagia has also been described in other mitochondrial disorders, but descriptions are only anecdotal, and formal study has not been undertaken.









Myasthenia Gravis


Myasthenia gravis (MG) is an autoimmune disorder characterized by the production of autoantibodies directed against the α1 subunit of the nicotinic postsynaptic acetylcholine receptors at the neuromuscular junction, with destruction of the receptors and reduction in their number. The clinical consequence of this process is the development of fatigable muscle weakness that progressively increases with repetitive muscle action and improves with rest. MG occurs more frequently in women than men; although symptoms can develop at any age, the reported mean age of onset in women is between 28 and 35, and in men, between age 42 and 49. Although myasthenic symptoms remain confined to the extraocular muscles in approximately 20% of patients, more widespread muscle weakness becomes evident in most individuals.


Involvement of bulbar musculature, with resultant dysphagia, is relatively common in MG. In approximately 6% to 30% of patients, bulbar involvement is evident from the beginning (Koopman et al., 2004); with disease progression, most eventually develop bulbar symptoms such as dysphagia and dysarthria. Dysphagia in MG can be due to dysfunction at oral, pharyngeal, or even esophageal levels, and many patients experience it at multiple levels. In a study of 20 myasthenic patients experiencing dysphagia, abnormalities in the oral preparatory phase were evident in 13 individuals (65%), oral phase dysphagia in 18 (90%), and pharyngeal phase involvement in all 20 (100%) (Koopman et al., 2004). Oral phase involvement can be due to fatigue and weakness of the tongue or masticatory muscles. In MG patients with bulbar symptoms, repetitive nerve stimulation studies of the hypoglossal nerve have demonstrated abnormalities, as have studies utilizing EMG of the masticatory muscles recorded while chewing. Pharyngeal dysfunction is also common in MG patients who have dysphagia, as demonstrated by videofluoroscopy. Aspiration, often silent, may be present in 35% or more of these individuals (Colton-Hudson et al., 2002); in elderly patients the frequency of aspiration may be considerably higher. Bedside speech pathology assessment is not a reliable predictor of aspiration (Koopman et al., 2004). Motor dysfunction involving the striated muscle of the proximal esophagus has also been documented in MG. In one study that used testing with esophageal manometry, 96% of patients with MG demonstrated abnormalities such as decreased amplitude and prolongation of the peristaltic wave in this region. Cricopharyngeal sphincter pressure was also noted to be reduced.


It is important to remember that dysphagia can also precipitate myasthenic crisis in individuals with MG. In fact, in one study, dysphagia was considered to be a major precipitant of myasthenic crisis in 56% of patients (Koopman et al., 2004).












Neurogenic Dysphagia


A variety of disease processes originating in the central and peripheral nervous systems can also disrupt swallowing mechanisms and produce dysphagia. Processes affecting cerebral cortex, subcortical white matter, subcortical grey matter, brainstem, spinal cord, and peripheral nerves all can elicit dysphagia as a component of their clinical picture (Box 13.3).





Box 13.3 Neurogenic Dysphagia






Oropharyngeal







Arnold-Chiari malformation


Basal ganglia disease:



Biotin-responsive



Corticobasal degeneration



DLB



HD



Multiple system atrophy



Neuroacanthocytosis



PD



PSP



WD


Central pontine myelinolysis


Cerebral palsy


Drug related:



Cyclosporin



Tardive dyskinesia



Vincristine


Infectious:



Brainstem encephalitis



Listeria




Epstein-Barr virus



Diphtheria



Poliomyelitis



Progressive multifocal leukoencephalopathy



Rabies


Mass lesions:



Abscess



Hemorrhage



Metastatic tumor



Primary tumor


Motor neuron diseases:



ALS


MS


Peripheral neuropathic processes:



Charcot-Marie-Tooth disease



Guillain-Barré syndrome (Miller Fisher variant)


Spinocerebellar ataxias


Stroke


Syringobulbia












Esophageal







Achalasia


Autonomic neuropathies:



Diabetes mellitus



Familial dysautonomia



Paraneoplastic syndromes


Basal ganglia disorders:



PD


Chagas disease


Esophageal motility disorders


Scleroderma





ALS, Amyotrophic lateral sclerosis; DLB, dementia with lewy bodies; HD, Huntington disease; MS, multiple sclerosis; PD, Parkinson disease; PSP, progressive supranuclear palsy; WD, Wilson disease.








In individuals with neurogenic dysphagia, prolonged swallow response, delayed laryngeal closure, and weak bolus propulsion combine to increase the risk of aspiration and the likelihood of malnutrition (Clavé et al., 2006)






Stroke


Cerebrovascular disease is an extremely common neurological problem, and stroke is the third leading cause of death in the United States. It has been estimated that 500,000 to 750,000 strokes occur in the United States each year, and approximately 150,000 persons die annually following stroke. The mechanism of stroke is ischemic in 80% to 85% of cases; in the remaining 15% to 20% it is hemorrhagic. Approximately 25% of ischemic strokes are due to small-vessel disease, 50% to large-vessel disease, and 25% to a cardioembolic source. Although stroke can occur at all ages, 75% of strokes occur in individuals older than 75.


Dysphagia develops in 45% to 57% of individuals following stroke, and its presence is associated with increased likelihood of severe disability or death (Runions et al., 2004; Schaller et al., 2006). Aspiration is the most widely recognized complication of dysphagia following stroke, but undernourishment and even malnutrition occur with surprising frequency (Finestone and Greene-Finestone, 2003). Reported frequencies of nutritional deficits in patients with dysphagia following stroke range from 48% to 65%. The presence of dysphagia following stroke results in a threefold prolongation of hospital stay and increases the complication rate during hospitalization (Runions et al., 2004). It is also an independent risk factor for severe disability and death.


Finestone and Greene-Finestone (2003) have delineated a number of warning signs that can alert physicians to the presence of post-stroke dysphagia. Some are obvious, others more subtle. They include drooling, excessive tongue movement or spitting food out of the mouth, poor tongue control, pocketing of food in the mouth, facial weakness, slurred speech, coughing or choking when eating, regurgitation of food through the nose, wet or “gurgly” voice after eating, hoarse or breathy voice, complaints of food sticking in the throat, absence or delay of laryngeal elevation, prolonged chewing, prolonged time to eat or reluctance to eat, and recurrent pneumonia.


Although it is commonly perceived that the presence of dysphagia following stroke indicates a brainstem localization for the stroke, this is not necessarily so. Impaired swallowing has been documented in a significant proportion of strokes involving cortical and subcortical structures. The pharyngeal phase of swallowing is primarily impaired in brainstem infarction; in hemispheric strokes, the most striking abnormality often is a delay in initiation of voluntary swallowing. Strokes involving the right hemisphere tend to produce more impairment of pharyngeal motility, whereas left hemisphere lesions have a greater effect on oral stage function (Ickenstein et al., 2005). Dysphagia has been reported as the sole manifestation of infarction in both medulla and cerebrum.


Approximately 50% to 55% of patients with lesions in the posterior inferior cerebellar artery distribution, with consequent lateral medullary infarction (Wallenberg syndrome), develop dysphagia (Teasell et al., 2002). The fact that unilateral medullary infarction can produce bilateral disruption of the brainstem swallowing centers suggests that they function as one integrated center. Infarction in the distribution of the anterior inferior cerebellar artery can also result in dysphagia.


Following stroke within the cerebral hemispheres, dysphagia can develop by virtue of damage to either cortical or subcortical structures involved with volitional swallowing. Bilateral hemispheric damage is more likely to produce dysphagia, but it can also occur in the setting of unilateral damage. Bilateral infarction of the frontoparietal operculum may result in the anterior operculum syndrome (Foix-Chavany-Marie syndrome), which is characterized by inability to perform voluntary movements of the face, jaw, tongue, and pharynx but fully preserved involuntary movements of the same muscles. Impairment of volitional swallowing may be a component of this syndrome. Individuals with subcortical strokes have a higher incidence of dysphagia and aspiration than those with cortical damage. In one study, more than 85% of individuals with unilateral subcortical strokes demonstrated videofluoroscopic evidence of delayed initiation of the pharyngeal stage of swallowing; in 75%, some radiographic aspiration was noted. Although tongue deviation is classically associated with medullary lesions damaging the hypoglossal nucleus, it has also been documented in almost 30% of persons with hemispheric infarctions. When present in hemispheric stroke, tongue deviation is always associated with facial weakness, and dysphagia is present in 43% of affected patients.


Aspiration is a potentially life-threatening complication of stroke. Studies have documented its occurrence in 30% to 55% of stroke patients. In one study, videofluoroscopic evidence of aspiration was observed in 36% of patients with unilateral cerebral stroke, 46% with bilateral cerebral stroke, 60% with unilateral brainstem stroke, and 50% with bilateral brainstem lesions. Other studies have suggested that the incidence of aspiration in brainstem strokes may be considerably higher—more than 80%—and that subcortical strokes may result in aspiration in 75% of cases. The risk of developing pneumonia is almost seven times greater in persons experiencing aspiration following stroke compared with those who do not. Individuals in whom aspiration occurs post stroke do not always experience clinical symptoms such as coughing or choking during food or liquid ingestion. Furthermore, an absent gag reflex does not help to differentiate those aspirating from those who are not (Finestone and Greene-Finestone, 2003). In a recent study, only 44% of patients with suspected oropharyngeal dysphagia following stroke had an impaired gag reflex, and only 47% coughed during oral feeding (Terre and Mearin, 2006). Therefore, the employment of objective testing measures to detect the presence and predict the risk of aspiration has been advocated. Modified barium swallow testing using videofluoroscopy is the standard method of diagnosis used, but simple bedside techniques such as a water swallowing test have also been advocated as practical, though somewhat less sensitive, alternatives.


Ickenstein and colleagues (2010) emphasize the value of a stepwise assessment of swallowing in patients admitted to the hospital with stroke, with the assessment beginning on the first day of admission. The first step is a modified swallowing assessment performed by the nursing staff on the day of admission; the second step is a clinical swallowing examination performed within 72 hours of admission by a swallowing therapist; the third step is performance of flexible transnasal swallowing endoscopy performed by a physician within 5 days of admission. Appropriate diet and treatment are then determined after each step. Employment of such a stepwise assessment of dysphagia resulted in a significant reduction in the rate of pneumonia and in antibiotic consumption in a stroke unit (Ickenstein et al., 2010).


Swallowing often improves spontaneously in the days and weeks after stroke. Improvement is more likely to occur after cortical strokes, compared with those of brainstem origin; the improvement is probably the result of compensatory reorganization of undamaged brain areas (Schaller et el., 2006). Nasogastric tube feeding can temporarily provide adequate nutrition and buy time until swallowing improves sufficiently to allow oral feeding, but it entails some risks itself, such as increasing the possibility of reflux with consequent aspiration. For individuals in whom significant dysphagia persists after stroke, percutaneous endoscopic gastrostomy (PEG) tube placement may become necessary. Ickenstein and colleagues (2005) documented this necessity in 77 of 664 (11.6%) stroke patients admitted to their rehabilitation hospital. Continued need for a PEG tube after discharge from the unit carried with it a somber prognosis. Various methods of behavioral swallowing therapy can be useful in managing persistent post-stroke dysphagia. Recent studies have provided some tantalizing hints that sensory pharyngeal stimulation and repetitive transcranial magnetic stimulation (rTMS) may improve some aspects of swallowing, but in a small percentage of individuals, placement of a PEG tube will be necessary.


Dysphagia can also develop in the setting of other cerebrovascular processes. Within the anterior circulation, dysphagia has been reported with carotid artery aneurysms. Within the posterior circulation, processes such as elongation and dilatation of the basilar artery, posterior inferior cerebellar artery aneurysm, intracranial vertebral artery dissections, giant dissecting vertebrobasilar aneurysms, and cavernous malformations within the medulla may produce dysphagia in addition to other symptoms.


Dysphagia is also a potential complication of carotid endarterectomy, not on the basis of stroke but due to laryngeal or cranial nerve injury. In one study, careful otolaryngologic examination demonstrated such deficits in almost 60% of patients postoperatively (Monini et al., 2005). Most deficits were mild and transient, but some persistent impairment was noted in 17.5% of those studied, and 9% required some rehabilitative procedures.









Multiple Sclerosis


Multiple sclerosis (MS) is an inflammatory demyelinating disease of the central nervous system that primarily, though not exclusively, affects young adults. The mean age of onset is approximately age 30. In its most common guise, MS is characterized by exacerbations and remissions, although some individuals may follow a chronic progressive course right from the start. The etiology of MS is uncertain, but an autoimmune process is presumed.


Dysphagia is a frequent but often overlooked problem in MS. Survey studies have indicated the presence of dysphagia in 24% to 34% of individuals with MS (Calcagno et al., 2002; Prosiegel et al., 2004). The prevalence of dysphagia in MS rises with increasing disability; about 15% of individuals with mild disability may develop neurogenic dysphagia (Prosiegel et al., 2004), with the percentage escalating to 65% in the most severely affected. Individuals with severe brainstem involvement as part of their MS are especially likely to experience dysphagia.


Objective studies demonstrate a somewhat higher frequency of dysphagia than their survey study counterparts. In one study, approximately 50% of individuals with objective abnormalities were not aware of any difficulty swallowing; in another that used videofluoroscopic analysis, some alteration of swallowing efficiency or safety was present in over 80% of 23 patients studied (Terre-Boliart et al., 2004). Abnormalities in oral, pharyngeal, and even esophageal phases of swallowing have been documented. Rare instances of the anterior operculum syndrome with buccolinguofacial apraxia have been reported in MS. Abnormalities in the oral phase of swallowing are common in MS patients with mild disability, but additional pharyngeal phase abnormalities develop in those with more severe disability. Disturbances in both the sequencing of laryngeal events and function of the pharyngeal constrictor muscles are typically present in persons experiencing dysphagia. Pharyngeal sensory impairment may also play a role in the development of dysphagia in some patients.









Parkinson Disease


Parkinson disease (PD) is a neurodegenerative disorder in which symptoms typically emerge between ages 55 and 65. The most prominent neuropathology in PD involves the pigmented dopaminergic neurons in the substantia nigra, but neuronal loss in other areas of the nervous system, including within the enteric nervous system, has also been documented.


Dysphagia was first documented in PD by none other than James Parkinson himself in his original description of the illness in 1817. Recent survey studies have confirmed that dysphagia is indeed a frequent phenomenon in PD. Reported frequencies of dysphagia in these studies range from 30% to 82% (Pfeiffer, 2003), with the broad range probably reflecting differences in the detail within questionnaires. Objective testing indicates an even higher frequency of dysphagia in PD and has allowed its separation into two categories, oropharyngeal and esophageal.


Studies using modified barium swallow have demonstrated some abnormality in the oropharyngeal phase of swallowing in 75% to 97% of persons with PD (Pfeiffer, 2003). Even individuals asymptomatic for dysphagia frequently display abnormalities on modified barium swallow testing. Within the oral phase, difficulty with bolus formation, delayed initiation of swallowing, repeated tongue pumping, and other abnormalities have been described. Pharyngeal dysmotility and impaired relaxation of the cricopharyngeal muscle constitute examples of abnormalities noted in the pharyngeal phase. Individuals with PD are more likely to swallow during inspiration and also to inhale post swallow, both of which increase the risk of aspiration (Gross et al., 2008).


Esophageal dysfunction can also trigger dysphagia in PD. Esophageal manometry has demonstrated abnormalities in 61% to 73% of PD patients studied; videofluoroscopic studies show a broader range, with some abnormality reported in 5% to 86% of individuals (Pfeiffer, 2003). A wide variety of abnormalities of esophageal function has been described, including slowed esophageal transit, both segmental and diffuse esophageal spasm, ineffective or tertiary contractions, and even aperistalsis. Lower-esophageal sphincter dysfunction may also be present in PD and can produce not only symptoms of reflux but also dysphagia.


Aspiration has been noted to be present in 15% to 56% of patients with PD, and completely silent aspiration in 15% to 33% (Pfeiffer, 2003). Even more striking is a study in which vallecular residue, believed to indicate an increased risk of aspiration, was found to be present in 88% of PD patients without clinical dysphagia. Silent aspiration and laryngeal penetration of saliva have also been noted to occur in a significant percentage (10.7% and 28.6%, respectively) of individuals with PD who exhibit daily drooling (Rodrigues et al., 2010). In another study by the same group of investigators, a 9.75-fold increased risk of respiratory infection was documented in PD patients with daily drooling and silent aspiration or silent laryngeal penetration of food who were followed for 1 year (Nóbrega et al., 2008). Hypesthesia of laryngeal structures has also been noted in PD patients, possibly contributing to the risk of aspiration (Rodrigues et al., 2010).


Dysphagia demonstrates an inconsistent response to levodopa or dopamine agonist therapy. Objective improvement in swallowing, documented by modified barium swallow testing, has been observed in 33% to 50% of patients in some but not all studies. A recent meta-analysis, however, concluded that levodopa intake was not associated with improvement in swallowing (Menezes and Melo, 2009). In patients with cricopharyngeal muscle dysfunction, both cricopharyngeal myotomy and botulinum toxin injections have been used successfully. Behavioral swallowing therapy approaches are of benefit to some individuals. On rare occasions, PEG tube placement may be necessary.









Other Basal Ganglia Disorders


In the parkinsonism-plus syndromes, such as progressive supranuclear palsy (PSP), multiple system atrophy, corticobasal degeneration, and dementia with Lewy bodies (DLB), dysphagia is a frequent problem and, in contrast to PD, often develops relatively early in the course of the illness. The median latency to the development of dysphagia in PD is more than 130 months, whereas it is 67 months in multiple system atrophy, 64 months in corticobasal degeneration, 43 months in DLB, and 42 months in PSP (Muller et al., 2001). In fact, the appearance of dysphagia within 1 year of symptom onset virtually eliminates PD as a diagnostic possibility, although it does not help distinguish between the various parkinsonism-plus syndromes (Muller et al., 2001). In persons with PSP, the presence and severity of dysphagia does not correlate well with the presence and severity of dysarthria, so the decision to evaluate swallowing function should not be based on the presence or absence of speech impairment (Warnecke et al., 2010).


Dysphagia can be a prominent problem in patients with Wilson disease and is frequently a component of the clinical picture in neuroacanthocytosis. A unique basal ganglia process characterized by the presence of subacute encephalopathy, dysarthria, dysphagia, rigidity, dystonia, and eventual quadriparesis has been shown to improve promptly and dramatically after biotin administration. Dysphagia may also develop in the setting of spinocerebellar ataxia.


Dysphagia is also a well-documented complication of botulinum toxin injections for cervical dystonia, presumably as a consequence of diffusion of the toxin (Comella and Thompson, 2006). It should be noted, however, that 11% of patients with cervical dystonia experience dysphagia as part of the disease process itself, and 22% may display abnormalities on objective testing. Whether the dysphagia in individuals with cervical dystonia is mechanical or neurogenic has been the topic of debate. In a study of 25 patients with cervical dystonia, clinical assessment suggested the presence of dysphagia in 36%; electrophysiological evaluation demonstrated abnormalities in 72% (Ertekin et al., 2002). The electrophysiological abnormalities strongly suggested a neurogenic basis for the dysfunction.









Amyotrophic Lateral Sclerosis


Amyotrophic lateral sclerosis (ALS) is the most common form of motor neuron disease. It is characterized by progressive loss of motor neurons in the cortex, brainstem, and spinal cord, which results in a clinical picture of progressive weakness that combines features of both upper motor neuron dysfunction with spasticity and hyperreflexia, and lower motor neuron dysfunction with atrophy, fasciculations, and hyporeflexia. The mean age of symptom onset is between ages 54 and 58.


Although dysphagia eventually develops in most individuals with ALS, bulbar symptoms can be the presenting feature in approximately 25% of patients. A sensation of solid food sticking in the esophagus may provide the initial clue to emerging dysphagia, but abnormalities in the oral phase of swallowing are most often evident in patients with early ALS. Impaired function of the lips and tongue (particularly the posterior portion of the tongue) due to evolving muscle weakness typically appears first, followed next by involvement of jaw and suprahyoid musculature, and finally by weakness of pharyngeal and laryngeal muscles. Lip weakness can result in spillage of food from the mouth; tongue weakness leads to impaired food bolus formation and transfer. Inadequate mastication due to the jaw muscle weakness adds to the difficulty with bolus formation, and the eventual development of pharyngeal and laryngeal weakness opens the door for aspiration. Neurophysiological testing in patients with ALS who have dysphagia demonstrates delay in, and eventual abolishment of, triggering of the swallowing reflex for voluntarily initiated swallows, with relative preservation of spontaneous reflexive swallows until the terminal stages of the disease (Ertekin et al., 2000). Although videofluoroscopy is the most precise means of evaluating dysphagia in individuals with ALS, scales such as the Norris ALS Scale provide an adequate venue to decide on the need for dysphagia treatment.


Spasm of the UES, with hyperreflexia and hypertonicity of the cricopharyngeal muscle, has been reported in ALS patients with bulbar dysfunction, presumably as a consequence of upper motor neuron involvement, and has been considered to be an important cause of aspiration (Ertekin et al., 2000; Ertekin et al., 2001a). This has prompted the employment of cricopharyngeal myotomy as a treatment measure in such patients, but this approach should be limited to those with objectively demonstrated UES spasm.


Control of oral secretions can be a difficult problem for patients with ALS. Peripherally acting anticholinergic drugs such as glycopyrrolate are the first line of treatment for this problem. Because β-adrenergic stimulation increases production of protein and mucus-rich secretions that may thicken saliva and make it especially difficult for patients to handle, administration of beta-blockers such as metoprolol has been proposed to reduce thickness of oral, nasal, and pulmonary secretions. Surgical procedures to reduce salivary production (e.g., tympanic neurectomy, submandibular gland resection) have also been employed but have not been extensively studied.


Behavioral therapy approaches can be useful in treating mild to moderate dysphagia in ALS. Alterations in food consistency (e.g., thickening liquids), swallowing compensation techniques, and voluntary airway protection maneuvers all provide benefit and can be taught by speech/swallowing therapists. Eventually, however, enteral feeding becomes necessary in many individuals with advanced ALS. Placement of a PEG tube can stabilize weight loss, relieve nutritional deficiency, and improve quality of life for individuals with advanced ALS and severe dysphagia.









Cranial Neuropathies


Pathological processes involving the lower cranial nerves can produce dysphagia, usually as a part of a broader clinical picture. Dysphagia can be prominent in the Miller Fisher variant of acute inflammatory demyelinating polyneuropathy (Guillain-Barré syndrome). Response to plasmapheresis is expected in this situation. Dysphagia may also be present in herpes zoster infection, where it has been attributed to cranial ganglionic involvement. Examples of other processes in which cranial nerve involvement can result in dysphagia include Charcot-Marie-Tooth disease and primary or metastatic tumors involving the skull base. Severe but reversible dysphagia with significantly prolonged esophageal transit time has been attributed to vincristine therapy.









Brainstem Processes


Any process damaging the brainstem swallowing centers or lower cranial nerve nuclei can lead to dysphagia. Therefore, in addition to stroke and MS, a number of other processes affecting brainstem function may display dysphagia as part of their clinical picture. Brainstem tumors, both primary and metastatic, may be responsible for dysphagia, as can central pontine myelinolysis, progressive multifocal leukoencephalopathy, and leukoencephalopathy due to cyclosporin toxicity. Brainstem encephalitis produced by organisms such as Listeria and Epstein-Barr virus, may also result in dysphagia.









Cervical Spinal Cord Injury


Dysphagia may develop in individuals with cervical spinal cord injury, especially if the injury is associated with respiratory insufficiency. In a study of 51 persons with cervical spinal cord injury and respiratory insufficiency, 21 (41%) suffered from severe dysphagia with aspiration and another 20 (39%) had mild dysphagia (Wolf and Meiners, 2003). Individuals with higher spinal cord injury were statistically more likely to experience more prominent dysphagia after undergoing therapy, although this difference was not evident on admission. With treatment and time, most patients demonstrate improvement in their dysphagia.


Dysphagia may also develop in the setting of nontraumatic cervical spinal column disease. For example, dysphagia is one of the most frequent symptoms experienced by individuals with diffuse idiopathic skeletal hyperostosis (DISH, Forestier disease).









Other Processes


Although rare in developed countries, rabies is encountered more frequently in developing nations. In endemic areas, approximately 10% of affected individuals do not report any prior exposure to animal bite (Kietdumrongwong and Hemachudha, 2005). Dysphagia, typically accompanying phobic spasms in the classic “furious” form of rabies, is a well-recognized feature of the human disease. A hyperactive gag reflex is usually also present in this situation. However, dysphagia may also develop in the “paralytic” form of rabies, which may be more difficult to diagnose because the classically recognized features are often absent.


Neurogenic oropharyngeal dysphagia has also been reported as a consequence of severe hypothyroid coma (Urquhart et al., 2001).












Evaluation of Dysphagia


Various diagnostic tests ranging from simple bedside analysis to sophisticated radiological and neurophysiological procedures have been developed to evaluate dysphagia (Box 13.4). Although most are actually performed by specialists other than neurologists, it is important for neurologists to have an awareness of them so that they can be employed when clinical circumstances are appropriate (Box 13.5).





Box 13.4 Diagnostic Tests






Oropharyngeal







Clinical examination


Cervical auscultation


Timed swallowing tests


3-ounce water swallow test


Modified barium swallow test


Pharyngeal videoendoscopy


Pharyngeal manometry


Videomanofluorometry


Electromyographic recording


Dysphagia limit












Esophageal







Endoscopy


Esophageal manometry


Videofluoroscopy














Box 13.5 Dysphagia Testing






If Oral Phase Dysfunction Suspected







Screening tests:



Clinical examination



Cervical auscultation



3-oz water swallow


Primary test:



Modified barium swallow












If Pharyngeal Phase Dysfunction Suspected







Screening tests:



Clinical examination



3-oz water swallow



Timed swallowing


Primary test:



Modified barium swallow


Complementary tests:



Pharyngeal videoendoscopy



Pharyngeal manometry



Electromyography



Videomanofluorometry












If Esophageal Dysfunction Suspected







Primary tests:



Videofluoroscopy



Endoscopy


Complementary test:



Esophageal manometry











Clinical examination is somewhat limited because of the inaccessibility of some structures involved with swallowing, but both history and examination can provide useful clues to localization and diagnosis (Table 13.1). In fact, it has been reported that a good history will accurately identify the location and cause of dysphagia in 80% of cases (Cook, 2008). Difficulty initiating swallowing, the need for repeated attempts to succeed at swallowing, the presence of nasal regurgitation during swallowing, and coughing or choking immediately after attempted swallowing all suggest an oropharyngeal source for the dysphagia. A sensation of food “hanging up” in a retrosternal location implicates esophageal dysfunction, whereas a perception of the bolus “sticking” in the neck may indicate either pharyngeal or esophageal localization (Fig. 13.1). Individuals who report dysphagia for solid food but not liquids are more likely to have a mechanical obstruction, whereas equal dysphagia for both solids and liquids is more typical for an esophageal motility disorder. Lip and tongue function can be easily assessed during routine neurological examination, and both palatal and gag reflexes can be evaluated.


Table 13.1 Dysphagia Clues






	Clue

	Cause of Dysphagia






	Difficulty initiating swallowing

	Oropharyngeal dysfunction






	Repetitive swallowing

	Oropharyngeal dysfunction






	Retrosternal “hanging-up” sensation

	Esophageal dysfunction






	Difficulty with solids but not liquids

	Mechanical obstruction






	Difficulty with both solids and liquids

	Esophageal dysmotility






	Regurgitation of undigested food

	Zenker diverticulum






	Halitosis

	Zenker diverticulum










[image: image]

Fig. 13.1 Dysphagia assessment.




Cervical auscultation is not widely used to evaluate swallowing, but it may be useful to assess coordination between respiration and swallowing. In the normal situation, swallowing occurs during exhalation, which reduces the risk of aspiration. Conversely, discoordinated swallowing in the midst of inhalation increases the possibility that food might be drawn into the respiratory tract.


Timed swallowing tests that require repetitive swallowing of specific amounts of water have also been employed to evaluate dysphagia. Individuals with swallowing impairment may display a number of abnormalities including slower swallowing speed (<10 mL/sec) and coughing, which may indicate the presence of dysphagia or aspiration. Some concern has been voiced, however, that the relatively large amounts of fluid used in these timed tests could present a significant risk for pulmonary complications due to of aspiration, even if it is water that is used.


A standardized 3-ounce water swallow test has been advocated as a simple bedside evaluation for oropharyngeal dysphagia. The presence of cough on swallowing during this test has been reported to provide a positive predictive value of 84% with regard to the presence of aspiration, and a negative predictive value of 78%. The test, however, does not provide any information regarding the specific mechanism of dysphagia in the patient.


The modified barium swallow test has become a standard method for assessing oropharyngeal dysphagia. Patients are observed via videofluoroscopy swallowing barium-impregnated food of differing consistencies (thin liquid, pudding, cookie). Both oral and pharyngeal function can be characterized and the presence of aspiration accurately documented; the response to corrective measures such as positioning techniques can also be evaluated. Increasing bolus viscosity typically improves swallowing function in individuals with neurogenic dysphagia (Clave et al., 2006).


Videoendoscopy of the pharynx via the nasal passageway allows direct visualization of the pharyngeal component of swallowing before and after passage of the food bolus. Its primary value is to demonstrate the presence of residual material in the pharynx after a swallow, indicative of increased risk of aspiration.


Pharyngeal manometry provides physiological information regarding function of both the pharynx and the UES; the information derived is complementary to that obtained by videofluoroscopy. A combined procedure termed videomanofluorometry, in which videofluoroscopy and manometry are performed simultaneously, can also be utilized. Although useful, this procedure is not always readily available.


Esophageal function can be assessed by endoscopy, esophageal manometry, and videofluoroscopy. Scintigraphic procedures can also be employed to evaluate oral, pharyngeal, and esophageal function but are not widely utilized. It has been suggested that scintigraphic examination with documentation of piecemeal deglutition and determination of the dysphagia limit may be particularly useful in centers where more sophisticated electrophysiological techniques are not available (Argon et al., 2004).


More sophisticated electrodiagnostic procedures have also been developed to study dysphagia. EMG recording of cricopharyngeal function and integrated submental activity has been useful in a research setting to characterize aspects of swallowing. Ertekin and colleagues (2002) have used EMG recordings to define an indicator of dysphagia they term the dysphagia limit. Normal subjects can swallow a 20-mL bolus of water in a single attempt, but persons with dysphagia must divide the bolus into two or more parts in order to complete the swallow. If individuals are administered stepwise increases in bolus volume, the volume of fluid at which the division of the bolus first occurs is labeled the dysphagia limit. The investigators consider a dysphagia limit of less than 20 mL as abnormal and indicative of dysphagia.


In conclusion, because of the broad network of structures involved with the control and execution of swallowing, dysphagia can be an important component of the clinical picture in patients with a wide variety of neurological diseases. Determining the specific mechanism responsible for dysphagia in individual patients can be of great value in both diagnosis and treatment of this disorder.
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Visual loss commonly accompanies neurological disease and is one of the most disturbing symptoms a patient may experience. While visual loss is often due to a benign or treatable process, it can be the first sign of a blinding or life-threatening disease. Common causes of visual loss include uncorrected refractive error, corneal disease, cataract, glaucoma, retinal and choroidal disease, and amblyopia. Ophthalmic causes of visual loss are often not apparent to the neurologist, whereas neurological causes of visual loss often confuse ophthalmologists. Thus, the approach to evaluating visual loss must be systematic, so that important causes are not missed and simple causes are not overinvestigated. In this chapter, we discuss the patterns and temporal profiles of visual loss; examination techniques are discussed in Chapter 36 and funduscopic abnormalities are discussed in Chapter 15.






Pattern of Visual Loss






Central Visual Loss


A defect in the visual field surrounded by normal vision is called a scotoma, from the Greek word meaning “darkness.” Loss of central vision, resulting in a central or cecocentral scotoma, is usually quickly noticed and reported. Peripheral visual field defects, such as homonymous hemianopia, can be asymptomatic but when noticed are frequently referred to the eye with the greater extent of field loss (i.e., the eye with temporal field loss) (Fig. 14.1). Central and cecocentral scotomas are usually due to lesions of the central retina or optic nerve. When the lesion is at the junction of the optic nerve and chiasm, there will be an ipsilateral central scotoma due to optic nerve involvement, and a contralateral temporal defect due to chiasmal involvement; this highly-localizing visual field defect is known as a junctional scotoma (Fig. 14.2). Patients with junctional scotomas are often unaware of the contralateral temporal defect, emphasizing the importance of assessing each eye separately during history taking and visual field evaluation.





[image: image]

Fig. 14.1 Right homonymous hemianopia. The visual loss is often referred to the right eye, because the right temporal visual field is larger than the left nasal visual field. Numbers refer to the normal extent of the visual field in degrees.
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Fig. 14.2 Junctional scotoma from a lesion at the junction of the optic nerve and chiasm. The lesion affects both the right optic nerve, producing a cecocentral scotoma in the right eye, and crossing fibers in the optic chiasm, producing an upper temporal visual field defect in the left eye. The temporal field defect of a junctional scotoma often goes unnoticed by the patient and may only be detected with visual field testing (see Chapter 36).




In general, scotomas caused by retinal disease are so-called positive scotomas, since they are perceived as a black or gray spot in the visual field. Patients with macular pathology can also have metamorphopsia, where there is distortion of images such that straight edges or geometrical figures appear warped. Metamorphopsia is almost always caused by retinal disease. In contrast, optic nerve lesions characteristically produce negative scotomas, areas of absent vision that are otherwise not perceivable, in conjunction with decreased color vision, contrast vision, and light brightness perception. On occasion, paradoxical photophobia, especially with fluorescent lighting, can occur with optic nerve lesions. Photopsias (light flashes) can occur with vitreoretinal traction (e.g., posterior vitreous detachment), retinal disease (e.g., cancer-associated retinopathy), toxicity from certain drugs (e.g., digitalis), or optic nerve disease (e.g., in the healing phase of optic neuritis, in which case they may be evoked by sound). Photopsias can also occur as part of migrainous visual aura. Aside from ocular diseases, bilateral central visual loss can result from lesions involving both optic nerves, the optic chiasm, or the part of the occipital cortex concerned with central vision. The possibility of nonorganic visual loss must also be considered, but it remains a diagnosis of exclusion (see Chapter 36).









Peripheral Visual Loss


For simplicity, visual field defects can be classified into one of three groups: prechiasmal, chiasmal, or retrochiasmal. Unilateral prechiasmal lesions affect the visual field of one eye only, chiasmal lesions affect the fields of both eyes in a non-homonymous bitemporal fashion, and retrochiasmal lesions cause homonymous field defects with variable degrees of congruity (i.e., similarity) depending on their location (Fig. 14.3). See Chapter 36 for further discussion of patterns of visual field loss.
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Fig. 14.3 Topographical diagnosis of visual field defects.


(Reprinted with permission from Vaughn, C., Asbury, T., Tabbara, K.F., 1989. General Ophthalmology, twelfth ed. Appleton & Lange, Norwalk, CT, p. 244.)















Temporal Profile of Visual Loss






Sudden-Onset Visual Loss


Visual loss of sudden onset can be divided into three temporal patterns: transient (Box 14.1) (Thurtell and Rucker, 2009), nonprogressive, and progressive.





Box 14.1 Causes of Transient Monocular Visual Loss







Embolic cerebrovascular disease


Migraine/vasospasm


Hypoperfusion (hypotension, hyperviscosity, hypercoagulability)


Ocular (optic disc edema, intermittent angle-closure glaucoma, hyphema, impending central retinal vein occlusion)


Vasculitis (e.g., giant cell arteritis)


Other (Uhthoff phenomenon, idiopathic, nonorganic)












Transient Monocular Visual Loss






Amaurosis Fugax


The term amaurosis fugax is often used to describe the transient monocular visual loss (TMVL) caused by emboli from the carotids, aortic arch, or heart to the retinal circulation. Typically, these attacks are sudden in onset, last from several to 15 minutes, and are characterized by altitudinal visual field loss that is often described as being like a curtain descending over the eye (Donders, 2001). Patients may also describe having separate attacks with hemispheric symptoms, such as weakness and speech disturbance, rather than visual loss.









Retinal Artery Vasospasm


Transient monocular visual loss can be caused by retinal artery vasospasm and is called retinal migraine when accompanied by migraine headache (Hill et al., 2007). Vasospastic TMVL is usually benign and often responds to calcium channel blockers (Winterkorn et al., 1993).









Angle-Closure Glaucoma


Subacute attacks of angle-closure glaucoma should also be considered in the differential diagnosis of TMVL, especially if the patient reports seeing halos around lights or has associated eye pain, infection, or vomiting. Urgent ophthalmic consultation should be obtained to prevent irreversible visual loss.









Visual Loss in Bright Light


Some patients with reduced blood supply to the eye due to a high-grade stenosis or occlusion of the internal carotid artery report TMVL in bright light, which is likely due to impaired regeneration of photopigments secondary to ocular ischemia (Kaiboriboon et al., 2001). The TMVL can also occur following meals or with postural changes. A variety of ophthalmic abnormalities, including midperipheral retinal hemorrhages, can be present and collectively comprise the ocular ischemic syndrome (Chen and Miller, 2007). Other retinal diseases, such as cone dystrophies and age-related macular degeneration, can cause evanescent visual loss in bright light, also known as hemeralopia or day blindness. The visual loss in these diseases is usually bilateral, whereas it is unilateral in patients with unilateral carotid disease.









Uhthoff Phenomenon


Transient monocular visual loss with increases in body temperature is known as the Uhthoff phenomenon and most commonly occurs in patients with optic neuritis associated with demyelinating disease, but it can also occur in patients with other optic neuropathies. The phenomenon is thought to arise as a result of transient conduction block within the optic nerve. Vision returns to baseline when the body temperature returns to normal.









Transient Visual Obscurations


Transient visual obscurations are brief episodes of monocular or binocular visual loss in patients with optic disc edema. The visual loss is frequently precipitated by postural changes or Valsalva-like maneuvers (e.g., coughing, straining) and probably occurs secondary to transient hypoperfusion of the edematous optic nerve head. The visual loss lasts for only a few seconds, with vision rapidly returning to baseline thereafter. Similar episodes of visual loss can occur with systemic hypotension, giant cell arteritis, or retinal venous stasis. Gaze-evoked transient visual loss has been reported with orbital tumors but can occasionally occur with optic disc edema.









Other Causes of Transient Visual Loss


Transient visual loss can also occur with cystic lesions such as sphenoid sinus mucoceles, craniopharyngiomas, and pituitary tumors. Other ophthalmic causes of TMVL include impending central retinal vein occlusion and recurrent hyphema, although it is important to note that some causes (e.g., corneal basement membrane dystrophy, tear film dysfunction) produce visual blurring or distortion rather than actual visual loss.












Transient Binocular Visual Loss


Other than transient visual obscurations occurring in patients with bilateral optic disc edema, simultaneous complete or incomplete transient binocular visual loss is almost always due to transient dysfunction of the visual cortex. Visual migraine aura is probably the most common cause of transient binocular visual loss, especially in patients younger than 40 years (see Chapter 69). Transient binocular visual loss can also result from cerebral hypoperfusion due to vasospasm, thromboembolism, systemic hypotension, hyperviscosity, or vascular compression (Box 14.2) (Thurtell and Rucker, 2009). Transient binocular visual loss can occur in association with seizures, although they more commonly cause visual hallucinations, which can be elementary or complex depending on the location of the seizure focus (Bien et al., 2000). Transient cortical blindness can occur in association with headache, altered mental status, and seizures in the posterior reversible encephalopathy syndrome (Hinchey et al., 1996). Transient cortical blindness can sometimes occur after head trauma, especially in children. Lastly, transient bilateral visual loss can occasionally be nonorganic in etiology, but this should remain a diagnosis of exclusion.





Box 14.2 Causes of Transient Binocular Visual Loss







Migraine


Cerebral hypoperfusion:



Thromboembolism



Systemic hypotension



Hyperviscosity


Seizures


Posterior reversible encephalopathy syndrome


Head trauma


Optic disc edema (transient visual obscurations)















Sudden Monocular Visual Loss without Progression


Visual loss due to optic nerve or retinal ischemia is characteristically sudden in onset (Box 14.3) and is usually nonprogressive, although a stuttering decline in vision may occur over several weeks in approximately 10% of patients with anterior ischemic optic neuropathy. Anterior ischemic optic neuropathy is a common cause of optic neuropathy and occurs secondary to loss of blood supply to the optic nerve head, resulting in optic disc edema (Rucker et al., 2004). In affected patients younger than 60 years, it is usually nonarteritic in etiology, being caused by a combination of factors that impair blood supply to the optic nerve head. In patients older than 60 years, giant cell (temporal or cranial) arteritis must be considered; urgent investigations and empirical treatment with high-dose steroids may be required in these patients to prevent further devastating visual loss. Retrobulbar optic nerve infarction, also known as posterior ischemic optic neuropathy, is far less common but can result from perioperative hypotension (e.g., with spinal surgery or cardiac bypass surgery) and other causes of hemodynamic shock (Rucker et al., 2004). Giant cell arteritis should be specifically considered in elderly patients with posterior ischemic optic neuropathy.





Box 14.3 Causes of Sudden Monocular Visual Loss without Progression







Central or branch retinal artery occlusion


Anterior ischemic optic neuropathy, arteritic or nonarteritic


Posterior ischemic optic neuropathy


Branch or central retinal vein occlusion


Traumatic optic neuropathy


Central serous retinopathy


Retinal detachment


Vitreous hemorrhage


Nonorganic (functional) visual loss








Optic nerve ischemia very rarely results from embolism or migraine. In contrast, central or branch retinal artery occlusions are caused mostly by embolic or thrombotic events. Opacification of the retinal nerve fiber layer with a cherry-red spot at the macula is the classic funduscopic appearance of acute central retinal artery occlusion (see Chapter 15). Retinal arterial occlusions can produce altitudinal, quadrantic, or complete monocular visual loss. The triad of branch retinal artery occlusions, hearing loss, and encephalopathy results from a rare microangiopathy known as Susac syndrome (Susac et al., 2007). A distinctive pattern of white-matter lesions with involvement of the corpus callosum is seen on magnetic resonance imaging in this disease.


Occlusion of the central retinal vein results in sudden visual loss and an unmistakable hemorrhagic retinopathy. It usually occurs in adults with risk factors for atherosclerosis and results from venous thrombosis at the level of the lamina cribrosa of the sclera. It characteristically causes a dense central scotoma with sparing of peripheral vision.


Idiopathic central serous retinopathy can manifest as a positive scotoma of sudden onset, often with symptoms of metamorphopsia or micropsia and a positive light-stress test result (see Chapter 36). It results from leakage of fluid into the subretinal space and most often occurs in young adult men with type-A personalities. The diagnosis can be difficult to make without the aid of fluorescein angiography or optical coherence tomography, as the retinal findings are subtle. Spontaneous recovery usually occurs within weeks to months, but occasionally laser photocoagulation is required to seal leaking vessels.


Traumatic optic neuropathy (TON) usually results in sudden permanent optic nerve dysfunction. The trauma can be severe or deceptively minor, causing a contusion or laceration of the optic nerve in its canal or a shearing of its nutrient vessels with subsequent ischemia. Treatments for TON, such as steroids, remain controversial and mostly ineffective (Levin et al., 1999).









Sudden Binocular Visual Loss without Progression


Sudden, permanent, binocular visual loss, if not caused by trauma, most commonly results from a stroke involving the retrochiasmal visual pathways and causes an homonymous visual field defect (Box 14.4) (Rizzo and Barton, 2005). In patients who have no other neurological symptoms or signs, the lesion usually involves the occipital lobe. Bilateral occipital lobe infarcts can result in tubular visual field defects, checkerboard visual field defects, or complete loss of vision in both eyes, a condition called cortical blindness. Cortical blindness, especially from infarction, can be accompanied by a denial of the visual loss and confabulation, a condition known as Anton syndrome.





Box 14.4 Causes of Sudden Binocular Visual Loss without Progression







Occipital lobe stroke


Bilateral ischemic optic neuropathies


Pituitary apoplexy


Head trauma


Nonorganic (functional) visual loss








Sudden binocular visual loss can result from simultaneous bilateral ischemic optic neuropathies and chiasmal compression due to pituitary apoplexy. Pituitary apoplexy can also cause headache, diplopia, altered mental status, and hemodynamic shock (Sibal et al., 2004), but the presentation can be subtle such that the diagnosis is missed.









Sudden Visual Loss with Progression


Sudden-onset, painful monocular visual loss that subsequently worsens is commonly due to optic nerve inflammation (optic neuritis). The visual loss typically progresses over hours to days before stabilizing and then improving. Optic neuritis is well known to be associated with multiple sclerosis and may be the first sign of the disease. The prognosis for visual recovery without treatment is excellent in most patients, although there is a poor recovery in some, such as those with optic neuritis occurring in association with neuromyelitis optica (Wingerchuk et al., 2007).


Leber hereditary optic neuropathy (LHON), a maternally transmitted disease resulting from mutations in the mitochondrial deoxyribonucleic acid (DNA) genes encoding subunits of respiratory chain complex I, can also cause sudden visual loss with subsequent progression. Primary mutations have been identified at positions 11778, 3460, 15257, and 14484 in the mitochondrial DNA. Many other mutations have been reported but occur less frequently (Yu-Wai-Man et al., 2009). LHON produces acute or subacute painless, often permanent, central visual loss, usually in young adult men. The visual loss is initially monocular, but the other eye usually becomes affected within 6 months. Visual recovery is variable and infrequent, and depends on the mitochondrial DNA mutation. The 11778 mutation carries the worst visual prognosis and the 14484 mutation the best. In the acute phase, the classic triad of ophthalmic findings includes telangiectatic vessels around the optic disc, nonedematous elevation of the optic disc, and absence of leakage from the disc on fluorescein angiography. Arteriolar narrowing can be marked, and vascular tortuosity is often a clue early in the disease. LHON can also cause loss of vision in women, but it tends to be less severe than in men.


Careful questioning of the patient with “sudden” visual loss may reveal a long-standing deficit that has suddenly been noticed (e.g., when covering the good eye) or that has worsened over time. In such cases, the clinician should evaluate for a slow-growing compressive lesion (Box 14.5).





Box 14.5 Causes of Progressive Visual Loss







Anterior visual pathway inflammation:



Optic neuritis



Sarcoidosis



Meningitis


Anterior visual pathway compression:



Tumors



Aneurysms



Thyroid-associated orbitopathy


Hereditary optic neuropathies:



Leber hereditary optic neuropathy



Dominant optic atrophy


Optic nerve head drusen


Glaucoma and low-tension glaucoma


Chronic papilledema


Toxic (e.g., ethambutol) and nutritional optic neuropathies


Radiation damage to anterior visual pathways


Paraneoplastic retinopathy or optic neuropathy


















Progressive Visual Loss


Progressive visual loss is the hallmark of a lesion compressing the afferent visual pathways. Common compressive lesions include pituitary tumors, aneurysms, craniopharyngiomas, and meningiomas (see Box 14.5) (Gittinger, 2005; Glaser, 1999). Granulomatous disease of the optic nerve from sarcoidosis or tuberculosis can cause chronic progressive visual loss. Optic nerve compression at the orbital apex from thyroid-associated orbitopathy can occur with minimal orbital signs or ocular motility disturbance. In each of these cases, the visual loss can be so insidious as to go unnoticed until it is fortuitously discovered during a routine examination.


Hereditary or degenerative diseases of the optic nerves or retina must be included in the differential diagnosis of gradual-onset visual loss. The hereditary optic neuropathies are bilateral and are usually diagnosed during the first 2 decades of life (Yu-Wai-Man et al., 2009). The most common inherited optic neuropathy is the autosomal dominant variety, known as dominant optic atrophy. A number of mutations involving the OPA1 gene have been described in dominant optic atrophy (Yu-Wai-Man et al., 2009). The visual loss can range from mild to severe and can sometimes be asymmetrical. Characteristically, there are central or cecocentral scotomas with sparing of the peripheral fields, and temporal pallor and cupping of the optic discs. Color vision is usually abnormal. Other ophthalmic and neurological abnormalities may be present.


Drusen of the optic nerve head are extracellular deposits of plasma proteins and a variety of inorganic materials that can compress optic nerve axons near the surface of the nerve head as they enlarge (Auw-Haedrich et al., 2002). Drusen are a common cause of pseudopapilledema and can produce visual field defects including arcuate defects, sectorial scotomas, blind spot enlargement, and generalized visual field constriction (Lee and Zimmerman, 2005). Loss of visual acuity is atypical but can result from development of a secondary choroidal neovascular membrane, with subsequent hemorrhage into the macula, or anterior ischemic optic neuropathy. “Buried” drusen (i.e., those not visible with the ophthalmoscope) can also cause visual field loss; the diagnosis can be confirmed by identifying calcified deposits in the optic nerve head on ophthalmic ultrasound. Buried drusen can occasionally be seen with computed tomography if they are large enough, and appear as calcifications. If central visual loss occurs in patients with optic disc drusen and no obvious retinal lesion, a search for a retrobulbar lesion should be undertaken.


Normal-tension glaucoma (NTG) is a controversial entity that creates a diagnostic and therapeutic conundrum, since a number of conditions can give rise to a similar clinical picture (Tomsak, 1997). In true NTG, glaucomatous optic disc and visual field changes develop despite normal intraocular pressure. NTG is bilateral in 70% of patients, and the average age at diagnosis is 66 years. Women are affected approximately twice as frequently as men. NTG can be either progressive or static (Anderson et al., 2001).


Chronic papilledema from any cause of intracranial hypertension can produce progressive optic neuropathy (see Chapter 59). The optic discs often develop a milky gray color, and there is sheathing of peripapillary retinal vessels. The visual fields become constricted, with nasal defects occurring initially, followed by gradual constriction, with central vision being spared until late. Optociliary collateral vessels can develop, and sudden visual loss from ischemic optic neuropathy can rarely occur. On occasion, optic atrophy develops in the absence of papilledema or despite a decrease in intracranial pressure, possibly due to retrobulbar optic nerve compression (Thurtell et al., 2010).


Toxic and nutritional optic neuropathies are bilateral and usually progressive (Phillips, 2005; Tomsak, 1997). The nutritional variety is characterized by a history of inadequate diet, a gradual onset of painless visual loss over weeks to months, prominent dyschromatopsia, cecocentral scotomas, and development of optic atrophy late in the disease. Most cases of so-called tobacco-alcohol amblyopia are probably related to vitamin B deficiencies. Other conditions that lead to nutritional deficiency, such as bariatric surgery and ketogenic diet, can also cause bilateral optic neuropathies. Medications that are toxic to the optic nerves, including ethambutol, amiodarone, isoniazid, chloramphenicol, and iodoquinol (formerly diiodohydroxyquin), can cause a gradual onset of painless visual loss (Phillips, 2005). Retinal toxins such as vigabatrin, digitalis, chloroquine, hydroxychloroquine, and phenothiazines can also cause painless progressive binocular visual loss.


Slowly progressive visual loss from radiation damage to the anterior visual pathways, especially the retina, can result from direct radiation therapy to the eye for primary ocular tumors or metastases, or can occur after periocular irradiation for basal cell carcinomas, sinus carcinomas, and related malignancies. It can also occur after whole-brain irradiation for metastases or gliomas, or after parasellar radiation therapy for pituitary or other parasellar neoplasms (Lessell, 2004). Radiation retinopathy becomes clinically apparent after a variable latent period of several months to a few years following the radiation therapy and is usually irreversible. Its incidence relates to the fraction size, total radiation dose, and use of concomitant chemotherapy. Radiation-induced retinal capillary endothelial cell damage is the initial event that triggers the retinopathy, which is usually indistinguishable from diabetic retinopathy.


Rapidly progressive bilateral visual loss in patients with cancer can be caused by paraneoplastic processes that affect the retina or optic nerves (Ko et al., 2008). Small cell carcinoma of the lung is the most commonly associated tumor, but gynecological, endocrine, breast, and other tumors have been implicated. The visual loss is usually accompanied by photopsias, often precedes the diagnosis of cancer, and is associated with circulating antibodies to the tumor and retinal or optic nerve antigens (see Chapter 52G). Findings similar to those of retinitis pigmentosa are present, including night blindness, constricted visual fields, and an extinguished electroretinogram. No effective treatment is available.
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Disorders of the optic nerve and retina are common causes of afferent visual loss in clinical neurology. The diagnosis of optic neuropathy should be considered when visual loss (affecting visual acuity, color vision, or visual field) is accompanied by abnormal optic disc appearance or a relative afferent pupillary defect (RAPD; see Chapter 17). The specific cause for an optic neuropathy often can be established on the basis of clinical history (i.e., character, progression of vision loss) and examination (i.e., pattern of visual field loss and optic disc appearance). Furthermore, optic neuropathies are classifiable by appearance of the optic disc: normal, swollen, or pale. Chapter 14 describes the various patterns of visual field loss and clinical history typically elicited in patients with specific optic nerve disorders. This chapter presents the differential diagnosis for optic neuropathies based on the optic disc appearance and discusses retinal disorders of particular interest in neurology. Chapter 36 discusses many of the entities described in this chapter in more detail.






Optic Nerve Anatomy and Physiology


Light stimulates retinal photoreceptors whose signal reaches a ganglion cell after being modulated by bipolar, horizontal, and amacrine cells (Fig. 15.1). Two main types of retinal ganglion cells exist: parasol cells (which project to the magnocellular layer and are specialized for motion perception and coarse stereopsis) and midget cells (which project to the parvocellular layer and are specialized for high spatial resolution, color vision, and fine stereopsis). Temporal retinal fibers form arcuate bundles around the fovea, respecting the midline horizontal raphe, and then enter the optic disc superiorly and inferiorly (Fig. 15.2). Optic nerve fibers exit the globe at the scleral canal, where they receive physical support from the lamina cribrosa and receive metabolic support from intertwining astrocytes. Once nerve fibers pass the lamina cribrosa, they are supported by oligodendrocytes and become myelinated. After exiting the orbit, the nerve enters the optic canal within the lesser sphenoid wing. In this space, the nerve is particularly vulnerable to trauma or compressive lesions (Balcer, 2001; Sarkies, 2004).
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Fig. 15.1 Structures of the neurosensory retina. Top, high-resolution optical coherence tomography. Middle, histological section. Bottom, schematic depiction of retinal layers.


(Adapted and reprinted with permission from Jaffe and Caprioli [2004] and www.webvision.med.utah.edu.)








[image: image]

Fig. 15.2 Arrangement of retinal nerve fiber layer, composed of ganglion cell axons. The papillomacular bundle conveys axons from the fovea directly to the temporal margin (T) of the optic disc. The remainder of temporal ganglion cell axons are arranged in arcuate bundles above and below the fovea, arriving at the superior and inferior disc margins. Finally, axons originating nasal to the disc arrive at its nasal border (N).




Effective axonal transport is essential for maintenance of the ganglion cell axon’s structure and function. Orthograde transport (away from the ganglion cell body) occurs at two speeds: 400 mm per day for proteins and neurotransmitters packaged in vesicles, and 1 to 4 mm per day for structural elements of the cytoskeleton. Interference of axonal transport, for example from elevated intracranial pressure (ICP), ultimately damages axons of the optic nerve and causes atrophy (Hayreh, 1977).


The ophthalmic artery, arising from the internal carotid artery, provides blood supply to the eye via multiple short posterior ciliary arteries and the central retinal artery (Hayreh and Zimmerman, 2007) (Fig. 15.3). The short posterior ciliary arteries provide blood supply to the optic nerve head and the subretinal choroid. Each posterior ciliary artery supplies a variable segmental territory of the optic nerve head, and because anastomoses in this blood supply are scant, it can suffer watershed ischemia during hypoperfusion. Furthermore, the segmental blood supply underlies the sectoral disc swelling or atrophy that results from interrupted flow of a posterior ciliary artery and subsequent optic nerve infarction (Balcer, 2001; Fontal et al., 2007).
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Fig. 15.3 Blood supply to the optic nerve.


(Reprinted with permission from Patten [2004].)












The Swollen Optic Disc


In assessing an elevated optic disc, the examiner must first make the important distinction between true disc swelling and pseudopapilledema. Disc swelling caused by elevated ICP is referred to as papilledema and may be accompanied by headache, transitory visual obscurations with change in posture, nausea, and vomiting. In addition, papilledema commonly is bilateral, in contrast with other optic neuropathies including optic neuritis or nonarteritic ischemic optic neuropathy. Causes of pseudopapilledema include congenital anomalies, myelinated nerve fibers, and optic nerve head drusen (discussed later).






Unilateral Optic Disc Swelling


The most common causes of unilateral optic disc edema are nonarteritic anterior ischemic optic neuropathy (NAION), optic neuritis, and orbital compressive lesions. Although characteristics of the optic disc appearance may overlap among NAION, optic neuritis, and compressive optic neuropathies, certain features may suggest a specific diagnosis. These are described and illustrated in the following sections. Briefly, in NAION the disc typically has a pale, edematous appearance which is often sectoral, and disc hemorrhages are likely to be present. On the other hand, only one-third of patients with optic neuritis will have optic disc swelling, and, when present, it is typically mild. Disc hemorrhages are uncommon in these patients, and this finding should suggest an alternative diagnosis. Finally, compressive lesions may lead to chronic disc edema, optociliary shunt vessels, and glistening white bodies on the disc surface (pseudodrusen from extruded axoplasm).


Despite suggestive patterns in the appearance of the optic nerve, it often is not possible to distinguish NAION, optic neuritis, and compressive optic neuropathies on this basis alone. Typically these diagnoses also rely on data from the clinical history and the pattern of the visual field deficit (Fig. 15.4). Vision loss generally is slowly progressive in patients with compressive lesions; it is rapidly progressive with subsequent improvement in those with optic neuritis; and it is maximal at onset with minimal improvement in patients with NAION. Both optic neuritis and compressive lesions generally produce central visual loss, whereas NAION typically produces a nerve fiber bundle–type field defect (originating from the physiological blind spot and respecting the horizontal meridian, owing to the arrangement of retinal ganglion cell axons traveling to the optic disc). However, considerable overlap exists in the patterns of visual field loss caused by the different forms of optic neuropathy.
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Fig. 15.4 Visual field defects in patients with optic neuropathies (grayscale output of Humphrey automated perimetry [A, C, D, and F] and kinetic Goldmann perimetry [B and E]). A, Central scotoma in a patient with right optic neuritis. B, Centrocecal scotoma (connecting to physiological blind spot) in a patient with optic neuropathy due to B12 deficiency. C, Superior altitudinal central scotoma in a patient with inferior optic nerve compression due to a meningioma. D, Inferior arcuate altitudinal scotoma in a patient with nonarteritic ischemic optic neuropathy. E, Superior altitudinal scotoma in a patient with arteritic ischemic optic neuropathy. F, Inferonasal step in a patient with glaucomatous optic neuropathy.


(Reprinted with permission from Prasad, S., Volpe, N.J., Balcer, L.J., 2010. Approach to optic neuropathies: clinical update. Neurologist 16, 23-34.)









Optic Neuritis


Typical optic neuritis is an inflammatory optic neuropathy caused by demyelinating disease (Balcer, 2006) (Fig. 15.5). Visual loss in the affected eye typically occurs rapidly over several hours to a few days. Decreased color vision and contrast sensitivity are highly characteristic (Baier et al., 2005; Trobe et al., 1996). In addition, pain with eye movements precedes the vision loss in approximately 90% of cases (Optic Neuritis Study Group, 1991). The pain typically lasts 3 to 5 days; if it persists for longer than 7 days, optic neuritis should be considered less likely, and further workup should be pursued. Visual field defects commonly are present; they can be either diffuse or discrete scotomas and are nonspecific. Fundus examination reveals mild disc swelling in approximately one-third of affected eyes, which is considerably less prominent than the disc swelling associated with papilledema (Balcer, 2006; Beck, 1998) (Fig. 15.6). In the majority of patients, the fundus appearance is normal.
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Fig. 15.5 Axial T1-weighted post-gadolinium MRI with fat saturation in a patient with right optic neuritis. Note swelling and enhancement of the right optic nerve (black arrow) consistent with inflammation.


(Reprinted with permission from Prasad et al., 2010.)
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Fig. 15.6 Fundus photograph of the right eye in a patient with acute right optic neuritis. Note mild nerve fiber layer swelling, greatest at the temporal portion of the disc (black arrow), without hemorrhages or cotton-wool spots.


(Reprinted with permission from Prasad et al., 2010.)





The prognosis for recovery of vision generally is good but is in relation to the severity of the initial deficit. Recovery typically begins within 1 month. The likelihood of progression of optic neuritis to multiple sclerosis (MS) is best predicted by brain magnetic resonance imaging (MRI) at the time of diagnosis. In the Optic Neuritis Treatment Trial, the risk of developing MS within 15 years was 72% among patients with one or more characteristic brain lesions, whereas it was 25% if the MRI was normal (Optic Neuritis Study Group, 2008). With features that are atypical for optic neuritis, however (e.g., painless visual loss, severe disc edema, disc or peripapillary hemorrhages, macular exudate), the risk of developing MS is significantly lower (Beck et al., 2003).


Following an episode of optic neuritis, the optic nerve often demonstrates pallor, suggesting that axonal loss has accompanied the episode of demyelination (Fig. 15.7). Optical coherence tomography (OCT) is a noninvasive imaging method that quantifies the atrophy of the nerve fiber layer (Balcer, 2006). It provides a reliable structural marker that complements clinical assessments of visual function.
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Fig. 15.7 Top, Fundus photographs of the left eye in a patient with prior left optic neuritis, demonstrating mild temporal pallor (black arrow). Below, Optical coherence tomography (OCT) measurement of retinal nerve fiber layer thickness confirms and quantifies temporal nerve fiber layer thinning (corresponding to the papillomacular bundle). Thickness measurement is shown in black line, with normal range depicted in green zone; measurements within the yellow zone are borderline, and within the red zone are abnormally low.


(Reprinted with permission from Prasad et al., 2010.)





Neuromyelitis optica (NMO), or Devic disease, is characterized by necrotizing demyelinating lesions of bilateral optic nerves and the spinal cord (Wingerchuk, 2006). It is believed to be a humorally mediated disease distinct from MS. The spinal lesion characteristic of NMO often extends contiguously over three or more vertebral segments. A serum antibody, neuromyelitis optica immunoglobulin G (NMO-IgG), which targets the autoantigen aquaporin 4 (AQP4), may be a useful marker in diagnosing the condition, although the exact specificity remains unknown (Jarius et al., 2008). Treatment with rituximab, a chemotherapeutic monoclonal antibody, may be of particular benefit in this group of patients (Wingerchuk, 2006).


Treating optic neuritis with high-dose intravenous (IV) corticosteroids reduces the risk of developing MS over the following 2 years (Beck et al., 1992). In the long term, however, this acute treatment is unlikely to affect the likelihood of progression to MS. In addition, IV corticosteroid treatment may hasten visual recovery, particularly for visual fields and contrast sensitivity, but does not significantly affect long-term visual outcomes. Because low-dose oral corticosteroids may be associated with an increased risk of recurrence of optic neuritis, this therapy should be avoided (Beck et al., 1992). In addition to IV corticosteroids, recent studies support the early use of immunomodulating treatments for high-risk patients to reduce the likelihood of progression to MS within 2 to 5 years (Balcer, 2006).









Ischemic Optic Neuropathy


Arteritic anterior ischemic optic neuropathy (AAION) is usually related to giant cell arteritis (GCA), also referred to as temporal arteritis. Its incidence increases with age, with most patients being older than 70.


GCA typically affects the extracranial medium- to large-caliber arteries, because they possess elastic lamina, which is the initial site of inflammation in this disorder (Salvarani et al., 2008). The condition is associated with polymyalgia rheumatica, consisting of proximal muscle ache, arthralgia, and stiffness, as well as with jaw claudication, fever, malaise, and scalp tenderness. The diagnosis is suggested by an elevated erythrocyte sedimentation rate and C-reactive protein and is confirmed by evidence of giant cells and endovascular inflammation on temporal artery biopsy. Acute vision loss is the presenting symptom in 7% to 60% of cases and is generally more severe than in NAION. In approximately 25% of cases, vision is limited to hand motion perception or worse (Balcer et al., 2003). In suspected cases, treatment with corticosteroids should not be delayed until a biopsy is obtained. Intraveous corticosteroids may help delay the progression of visual loss and decrease the likelihood of fellow eye involvement. The prognosis for recovery in the affected eye, however, is poor despite treatment (Hall and Balcer, 2004).


The optic disc in AAION typically has a chalky-white edematous appearance, and disc hemorrhages are likely to be present (Fig. 15.8). Coexisting retinal ischemia with cotton-wool spots is very typical for AAION. Fluorescein angiography reveals choroidal hypoperfusion (Fig. 15.9). Occasionally, GCA can be limited to the retro-orbital nerve and present without disc swelling; this situation is termed arteritic posterior ischemic optic neuropathy (PION).
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Fig. 15.8 Fundus photograph of the right eye in a patient with ischemic optic neuropathy from temporal arteritis. Note blurring of the nasal disc margin, with pallor and swelling of the nerve head (black arrow). The patient also has inner retinal ischemia evidenced by large cotton-wool spots (black asterisks).


(Reprinted with permission from Prasad et al., 2010.)
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Fig. 15.9 Late-phase fluorescein angiography of the left eye in a patient with giant cell arteritis, revealing nonperfused choroid (black asterisks) consistent with occlusion of posterior ciliary vessels.


(Reprinted with permission from Prasad et al., 2010.)





Nonarteritic AION is the most common cause of unilateral optic nerve swelling in adults older than 50 and is commonly associated with vascular risk factors such as diabetes or hypertension (Fontal et al., 2007). Other risk factors include a crowded optic nerve head and nocturnal hypotension, possibly precipitated by antihypertensive therapy (Arnold, 2003; Mathews, 2005). Swelling of a crowded optic nerve within the scleral canal may provoke a cycle of further vascular compression, ischemia, and swelling.


Although the clinical profile of NAION may occasionally overlap with the findings of optic neuritis (Rizzo et al., 1991), typical features of NAION include nerve fiber hemorrhages, altitudinal visual field loss, moderate to severe disc edema, and the absence of pain (Figs. 15.10 and 15.11). Because the optic nerve head is supplied by an end-arterial system of short posterior ciliary arteries and the circle of Zinn-Haller, sectoral ischemic disc swelling is common. NAION may follow ocular surgery, because an associated increase in intraocular pressure may compromise optic nerve head perfusion (Fontal et al., 2007).





[image: image]

Fig. 15.10 Fundus photographs in a patient with acute nonarteritic ischemic optic neuropathy in the right eye, demonstrating peripapillary edema (black arrows) with a small cup-to-disc ratio in the left eye (white arrow), suggesting a “disc at risk.”


(Reprinted with permission from Prasad et al., 2010.)
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Fig. 15.11 Fundus photographs of the right eye in a patient with right nonarteritic anterior ischemic optic neuropathy. Note blurring of the disc margin and swelling of the optic nerve head (black arrows), splinter hemorrhages (white arrows), as well as dilated capillaries and luxury perfusion of the nerve head (asterisk).


(Reprinted with permission from Prasad et al., 2010.)





Many patients with NAION will have a stable deficit, although one minority may experience visual loss progressing over one month. Spontaneous improvement may occur in the first 6 months, although in many patients this reflects improved ability with eccentric fixation (Hayreh and Zimmerman, 2008). In 30% to 40% of patients, subsequent involvement of the fellow eye also occurs, and this rate is increased by the presence of vascular risk factors. When the second eye is affected in AION, optic atrophy has already developed in one eye, and acute disc edema occurs in the fellow eye; this clinical presentation is called the pseudo–Foster Kennedy syndrome. (A true Foster Kennedy syndrome is produced by optic atrophy due to compression, typically from an expanding tumor, and papilledema in the fellow eye secondary to increased ICP.) Occasionally, premonitory disc swelling in an asymptomatic eye will be noted, which may progress to frank visual loss or remit spontaneously (Hayreh and Zimmerman, 2007). Recurrence of NAION in an affected eye, however, is rare, possibly because optic nerve atrophy following the initial event decompresses the nerve. There does not appear to be a significantly higher rate of stroke in patients with nonarteritic ischemic optic neuropathy, suggesting that its pathophysiology may differ from simple vasoocclusion (Arnold and Levin, 2002).









Other Causes


Inflammatory conditions are an important cause of subacute optic neuropathy. Optic discs may appear swollen or normal, the latter indicating retrobulbar involvement. Optic nerve involvement is common in neurosarcoidosis, which can be accompanied by anterior uveitis or posterior segment vitritis (Prasad et al., 2008) (Fig. 15.12). Visual loss due to this condition is often steroid responsive. Optic neuropathy and retinal involvement may also occur with other inflammatory disorders, such as systemic lupus erythematosus and Sjögren disease (Fig. 15.13). Occasionally, optic nerve infiltration produces optic disc edema without affecting visual function, but more often there is a decrease in visual acuity and visual field loss.
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Fig. 15.12 Coronal T1-weighted post-gadolinium MRI in a patient with left optic neuropathy from neurosarcoidosis. Note swelling and enhancement of right optic nerve (white arrow).


(Reprinted with permission from Prasad et al., 2010.)
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Fig. 15.13 Optic disc pallor and multiple cotton-wool spots in a patient with systemic lupus erythematosus.




Infectious conditions are another frequent cause of optic neuropathy (March and Lessell, 1996). Neuroretinitis, in which optic neuropathy coexists with characteristic peripapillary or macular exudates, should be distinguished from acute demyelinating optic neuritis (Fig. 15.14). The initial clinical presentation of these conditions may be similar, but the characteristic macular star of neuroretinitis will appear within 1 to 2 weeks, establishing the diagnosis. The distinction is critical because neuroretinitis has no association with an increased risk of MS and may be due to cat scratch disease (Bartonella henselae), syphilis (Treponema pallidum), or Lyme disease (Borrelia burgdorferi). In most cases, Bartonella infection is self-limited and does not require treatment, but in severe cases doxycycline may be effective (Balcer et al., 2003). Other infectious causes of optic neuropathy include human immunodeficiency virus (HIV) and opportunistic infections including toxoplasmosis, cytomegalovirus, and cryptococcosis. Paranasal sinusitis or mucocele may lead to either compressive or inflammatory optic neuropathy.
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Fig. 15.14 Neuroretinitis in a 6-year-old boy. Such exudates, although usually not present in optic neuritis, indicate an inflammatory cause for the disc edema.


(Reprinted with permission from Beck, R.W., Smith, C.H., 1988. Neuro-Ophthalmology: A Problem-Oriented Approach. Little, Brown, Boston.)





Paranasal sinus disease can cause a condition that mimics optic neuritis, with acute optic neuropathy and pain on eye movements, or can cause a progressive optic neuropathy resulting from compression (Rothstein et al., 1984). Consider optic neuropathy due to sinusitis and mucocele in patients who have clinical evidence of optic neuritis with seemingly atypical features, particularly elderly patients with severe sinus disease, a history of fevers, ophthalmoplegia, or progression of vision loss beyond 2 weeks.


Several compressive mass lesions cause a progressive optic neuropathy. The optic disc swells in cases of intraorbital compression, but in cases of retro-orbital compression, disc swelling only occurs if ICP is elevated. Chronic disc edema due to compressive lesions may be accompanied by optociliary shunt vessels and glistening white bodies on the disc surface (pseudodrusen from extruded axoplasm) (Fig. 15.15). Important causes of compressive optic neuropathy include neoplasm (including optic nerve sheath or skull base meningioma, pituitary adenoma, and craniopharyngioma), sinus lesions, bony processes (such as fibrous dysplasia), enlarged extraocular muscles (as in Graves disease ophthalmopathy), or aneurysms (Fig. 15.16). Meningiomas of the optic nerve sheath occur primarily in women and can cause acuity loss associated with either disc swelling or atrophy.
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Fig. 15.15 Fundus photograph of the right eye in a patient with chronic disc swelling. Note blurred disc margins (black arrows) and an optociliary shunt vessel (white arrow).


(Reprinted with permission from Prasad et al., 2010.)








[image: image]

Fig. 15.16 Axial T1-weighted postcontrast MRI in a patient with an extensive sphenoid wing meningioma (asterisk) causing left optic nerve compression, ocular motor palsies, and proptosis.


(Reprinted with permission from Prasad et al., 2010.)





Primary optic nerve neoplasms include benign juvenile pilocytic glioma in children and (rarely) malignant glioblastoma in adults (Fig. 15.17). Juvenile pilocytic astrocytoma is often associated with neurofibromatosis type 1 and may be managed conservatively with frequent ophthalmological examination through adolescence (Listernick et al., 2007). When clinical or radiographic progression is detected, chemotherapy should be first-line therapy, followed by radiation and rarely surgery. Malignant optic nerve glioblastoma is much rarer, affects adults, and has a considerably worse prognosis (Spoor et al., 1980). Other neoplastic conditions include lymphoma, leukemia, carcinomatous meningitis, and optic nerve metastasis. Almost any form of carcinoma can metastasize to the optic nerve; breast and lung carcinomas are the most common.





[image: image]

Fig. 15.17 Axial fluid-attenuated inversion recovery (FLAIR) MRI in a patient with bilateral optic nerve gliomas (juvenile pilocytic astrocytomas) (white arrows). The patient had stigmata of type 1 neurofibromatosis.


(Reprinted with permission from Prasad et al., 2010.)





Optic neuropathy may occur as a delayed effect of radiation therapy. It can occur with or without disc edema and can sometimes be difficult to distinguish from tumor recurrence (Danesh-Meyer, 2008). Radiation optic neuropathy is suggested by exposure (typically 50-Gy dosage), characteristic 6- to 24-month time lag to symptoms, and accompanying radiation changes in proximal tissues. Progression occurs over weeks to months, and spontaneous recovery is rare. Corticosteroids may help by reducing edema in the affected optic nerve.


Visual loss in a patient with known or suspected cancer raises the possibility of a paraneoplastic optic neuropathy or retinopathy (Damek, 2005). In paraneoplastic optic neuropathy, evidence of other neurological dysfunction is common, and the antibody most commonly identified is directed toward collapsin response mediator protein 5 (CRMP5). Paraneoplastic retinopathies, on the other hand, include cancer-associated retinopathy (with antibodies to recoverin protein) and melanoma-associated retinopathy (with antibodies to rod ganglion cells).


Leber hereditary optic neuropathy (LHON) is a subacute, sequential, maternally inherited optic nerve disorder in which 80% to 90% of affected persons are males in the second or third decade of life (see Chapter 14) (Man et al., 2002; Newman, 2005). Although true disc edema is not present, the optic disc may appear hyperemic and mildly swollen in the acute phase; nevertheless, fluorescein angiography should confirm the absence of capillary leakage. Circumpapillary telangiectatic vessels, frequently present in the peripapillary nerve fiber layer, are an important clue to the diagnosis (Fig. 15.18). These early funduscopic changes also may be noted in presymptomatic eyes. As the condition progresses, the discs become atrophic. Because fibers mediating the pupillary light reflex may be selectively spared, the light reflex may be preserved despite significant visual loss. Genetic diagnosis of LHON is based on the identification of related mitochondrial DNA mutations (see Chapter 63). Most patients have permanent vision loss, although a minority will experience some recovery of vision. The prognosis depends upon the specific mutation harbored; patients with mtDNA mutation T14484C are more likely to have spontaneous recovery than patients with mutations G11778A or G3460A (Newman, 2005). At present, no effective treatment for this condition is available (Chinnery and Griffiths, 2005).
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Fig. 15.18 Fundus photograph of the left eye in a patient with Leber hereditary optic neuropathy. Visual acuity was 20/200. Note hyperemia with appearance of slight nasal disc swelling (asterisk).


(Reprinted with permission from Prasad et al., 2010.)





Direct traumatic optic neuropathy (TON) may include nerve avulsion or transection and is easily recognized by the relevant history of injury (Sarkies, 2004) (Fig. 15.19). Fundus examination may reveal extensive intraocular hemorrhages. On the other hand, posterior indirect traumatic optic neuropathy will present with visual loss in the absence of significant fundus abnormalities; it may result from shearing forces and subsequent edema within the optic canal. Up to half of these patients may improve spontaneously (Sarkies, 2004). There is weak evidence that corticosteroid therapy may be helpful within the first 8 hours, but no other medical or surgical interventions have proven effective (Yu Wai Man and Griffiths, 2005; Yu Wai Man and Griffiths, 2007).
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Fig. 15.19 Axial CT scan (bone windows) from a patient with direct left traumatic optic neuropathy due to avulsion by a BB pellet.


(Reprinted with permission from Prasad et al., 2010.)





A description of other uncommon causes of unilateral optic disc edema that occasionally can have a unilateral presentation will be discussed next.












Bilateral Optic Disc Swelling






Papilledema


The term papilledema refers specifically to optic disc swelling secondary to increased ICP. Disc swelling in papilledema results from blockage of axoplasmic flow in nerve fibers, increasing the volume of axoplasm in the optic disc (Hayreh, 1977). Although papilledema is typically bilateral, it can be asymmetrical, based on anatomical differences in the meningeal covering of the intracranial optic nerves that can lead to differences in transmitted pressure. On the basis of the chronicity and fundus appearance, papilledema can be divided into four stages: early, fully developed (acute), chronic, and atrophic. The acute phase of papilledema is strongly suggested by a mismatch between a markedly swollen disc and relatively spared optic nerve function, particularly central visual acuity. The most common visual field defects encountered in patients with early or acute papilledema are enlargement of the physiological blind spot, concentric constriction, and inferior nasal field loss. When acute papilledema is accompanied by decreased acuity (and often metamorphopsia), fluid typically extends within the retina to the macula itself.


In early papilledema, swelling is most prominent at the superior and inferior poles of the optic disc where the nerve fiber layer is thickest. With further development of papilledema, swelling encompasses the disc surface more uniformly, and the degree of disc elevation increases (Fig. 15.20). The retinal veins may distend slightly, and the disc may appear mildly hyperemic. These vascular changes result from nerve fiber swelling causing compression of capillaries and venules, leading to venous stasis and dilation, formation of microaneurysms, and finally disc and peripapillary splinter hemorrhages (see Fig. 15.20). Correspondingly, in fluorescein angiography, fluorescence may be absent during the retinal arterial phase as a result of delayed circulation caused by disc swelling. Dilated capillaries, microaneurysms, and flame-shaped hemorrhages may appear in the arteriovenous phase, and fluorescein may leak from dilated capillaries in the venous phase. Retinal cotton-wool spots may occur secondary to ischemia in the nerve fiber layer. Spontaneous venous pulsations usually are absent once the ICP exceeds 18 cm H2O. Although papilledema typically is bilateral, it can be asymmetrical because of differences in transmitted pressure related to anatomical variation in the meningeal covering of the intracranial and intracanalicular optic nerves.
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Fig. 15.20 Fundus photographs in a patient with acute papilledema. Note that swelling of the peripapillary nerve fiber layer causes an obscured view of underlying retinal vessels (black arrows). Splinter hemorrhages, which also suggest true papilledema rather than pseudopapilledema, are seen (white arrows).


(Reprinted with permission from Prasad et al., 2010.)





The disc appearance changes as papilledema becomes chronic, usually after weeks to months. The nerve fiber layer may appear pale and take on a gliotic appearance as a result of optic atrophy and astrocytic proliferation (Fig. 15.21). Hemorrhages are less prominent (and often have resolved completely). The disc takes on a “champagne cork” appearance in which small, glistening white bodies (pseudodrusen) result from extruded axoplasm after prolonged stasis. Shunt vessels due to compensatory dilation of preexisting communications between the retinal and ciliary circulation begin to appear.





[image: image]

Fig. 15.21 Fundus photograph of the right eye of a patient with chronic papilledema. Note pale, gliotic “champagne-cork” disc appearance, without retinal hemorrhages.


(Reprinted with permission from Prasad et al., 2010.)





If increased ICP and papilledema persist, optic nerve axons become damaged, and visual field loss develops. At this stage, optic disc swelling lessens, and pallor develops (atrophic papilledema). Finally, patients with end-stage papilledema exhibit optic nerve atrophy (disc pallor) without evidence of swelling. Chronic atrophic papilledema, unlike the acute phase, is often characterized by loss of visual acuity with severely constricted visual fields.


Papilledema due to increased ICP can be the consequence of numerous processes. An expanding mass lesion such as a brain tumor, cerebral edema due to stroke, or intracranial hemorrhage will increase ICP, particularly in a younger patient without age-related brain atrophy. Compression of the ventricular system in the posterior fossa is particularly likely to cause papilledema. Venous sinus thrombosis is another common cause, especially in pregnancy and other states of hypercoagulability. Cryptococcal meningitis is the infectious disorder most commonly associated with significant papilledema.


Pseudotumor cerebri, or idiopathic intracranial hypertension, can lead to disc swelling and progressive visual loss (Friedman, 2004). The condition is most common in obese women, but modest weight gain (by 5%-15%) even in nonobese women is a risk factor for disease. Additional risk factors are the use of tetracycline derivatives or vitamin A, and when present, these agents should be discontinued. Weight loss can be imperative in the management of pseudotumor cerebri. In the short term, treatment with acetazolamide can improve symptoms and reduce optic disc swelling. In refractory cases, optic nerve sheath fenestration or cerebrospinal fluid (CSF) shunting may be indicated.









Malignant Hypertension


A marked elevation in blood pressure may produce bilateral optic disc swelling indistinguishable from papilledema (Hayreh, 1977). Peripapillary cotton-wool spots also are a prominent feature in patients with malignant hypertension. Encephalopathic signs are common but not always present. Disc edema tends to develop at a lower blood pressure in patients with renal failure than in those without renal disease.









Diabetic Papillopathy


Diabetic papillopathy is a rare cause of bilateral (or sometimes unilateral) disc swelling in patients with type 1 diabetes (Barbera et al., 1996). This entity is distinct from typical NAION in that there is often bilateral, simultaneous optic nerve involvement. Often visual loss is minimal, with the exception of an enlarged physiological blind spot. Disc edema may be accompanied by marked capillary telangiectasias overlying the disc surface (Fig. 15.22). Neuroimaging and lumbar puncture may be necessary to distinguish this condition from papilledema. The pathogenesis is unclear but may relate to a mild impairment of blood flow causing disc swelling without infarction of the optic nerve head (as in the case of premonitory NAION). In many cases, the optic disc edema resolves without residual visual deficit.
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Fig. 15.22 Diabetic papillopathy in a 17-year-old girl. Note the telangiectatic vessels on the disc surface.


(Reprinted with permission from Beck, R.W., Smith, C.H., 1988. Neuro-Ophthalmology: A Problem-Oriented Approach. Little, Brown, Boston.)












Other Causes


Anemia, hyperviscosity syndromes, pickwickian syndrome, hypotension, and severe blood loss are less common causes of bilateral optic disc swelling. The clinical setting generally provides clues to the diagnosis. In addition, any of the entities described under unilateral optic disc edema, particularly the infiltrative disorders, rarely can cause bilateral disc swelling. In children, optic neuritis commonly is bilateral and often is associated with bilateral papillitis (disc swelling). Bilateral ischemic optic neuropathies should prompt immediate evaluation for giant cell (temporal) arteritis in patients older than 55 years. Although most toxic optic neuropathies manifest with normal-appearing optic discs, disc edema is characteristic of methanol poisoning and also may occur in patients with ethambutol toxicity.












Pseudopapilledema


In patients with pseudopapilledema, visible optic disc drusen (hyaline bodies) may be present. Even when disc drusen are not apparent, the distinction between true disc swelling and pseudopapilledema can frequently be made on the basis of fundus examination findings (Table 15.1). The most important distinguishing feature is the clarity of the peripapillary nerve fiber layer. In patients with true disc edema, the nerve fiber layer is hazy, obscuring the underlying retinal vessels, whereas in pseudopapilledema, this layer can remain distinct. In addition, the presence of spontaneous venous pulsations (SVPs) supports the diagnosis of pseudopapilledema, although SVP can be absent in pseudopapilledema as well. Although subretinal hemorrhages may be present in patients with pseudopapilledema (particularly in the setting of optic disc drusen), splinter hemorrhages are characteristic of true papilledema. Finally, fluorescein angiography will show leakage from vessels in papilledema, which is not seen in pseudopapilledema (Davis and Jay, 2003).


Table 15.1 Differentiation of Early Papilledema and Pseudopapilledema






	Feature

	Papilledema

	Pseudopapilledema






	Disc color

	Hyperemic

	Pink, yellowish pink






	Disc margins

	Indistinct early at superior and inferior poles, later entire margin

	Irregularly blurred, may be lumpy






	Vessels

	Normal distribution, slight fullness; spontaneous venous pulsations absent

	Emanate from center, frequent anomalous pattern, ± spontaneous venous pulsations






	Nerve fiber layer

	Dull as a result of edema, which may obscure blood vessels

	No edema; may glisten with circumpapillary halo of feathery light reflections






	Hemorrhages

	Splinter

	Subretinal, retinal, vitreous







Reprinted with permission from Beck, R.W., Smith, C.H., 1988. Neuro-Ophthalmology: A Problem-Oriented Approach. Little, Brown, Boston.






Optic Disc Drusen


Optic disc drusen, which constitute a common cause of pseudopapilledema, refer to calcium deposits within the optic nerve head. Although etiology is unclear, drusen may result from axonal degeneration from altered axoplasmic flow, particularly in the setting of a small optic canal (Auw-Haedrich et al., 2002). In children, disc drusen tend to be buried, whereas in adults, they often are visible on the disc surface (Figs. 15.23 and 15.24). The progression from buried to surface drusen in individual patients has been well documented. The prevalence of optic disc drusen is approximately 2% within the general population, and they can be bilateral in two-thirds of cases. Optic disc drusen are much more common in caucasian patients than in African Americans and may be genetic, inherited in an autosomal dominant pattern with incomplete penetrance.
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Fig. 15.23 Fundus photographs in a patient with pseudopapilledema. There is a “lumpy-bumpy” disc appearance due to visible disc drusen (black arrows). Note that retinal vessels are not obscured by nerve fiber layer edema. Spontaneous venous pulsations may also indicate pseudopapilledema.


(Reprinted with permission from Prasad et al., 2010.)
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Fig. 15.24 Optic disc drusen in a 50-year-old man.


(Reprinted with permission from Beck, R.W., Smith, C.H., 1988. Neuro-Ophthalmology: A Problem-Oriented Approach. Little, Brown, Boston.)





Patients with optic disc drusen generally do not complain of visual symptoms, although rarely a patient may experience transitory visual obscurations similar to those described by patients with true papilledema. Although patients may be unaware of a visual field defect, such deficits are common, occurring in approximately 70% of eyes with visible disc drusen and in 35% of those with pseudopapilledema but no visible drusen (Auw-Haedrich et al., 2002). The scotoma probably results from nerve fiber layer thinning and axonal dysfunction caused by the drusen. The visual field defects, therefore, generally follow a nerve fiber bundle distribution, most commonly affecting the inferior nasal visual field. Enlargement of the blind spot and generalized field constriction also may occur. Progression of visual field defects in the setting of drusen is well documented. In addition, visual field loss in the setting of optic disc drusen occurs secondary to hemorrhage, superimposed ischemic optic neuropathy, or an associated retinal degeneration. Visual acuity loss associated with drusen is rare, however, and should prompt an evaluation for alternative causes.















Optic Neuropathies with Normal-Appearing Optic Discs


Many optic neuropathies manifest initially with a completely normal disc appearance; these are classified as retrobulbar optic neuropathies. The disc appearance is normal because the pathological process is posterior to the lamina cribrosa. As with the swollen disc, the differential diagnosis depends on whether optic nerve involvement is unilateral or bilateral.






Unilateral Presentations


The most common causes of unilateral retrobulbar optic neuropathy are optic neuritis and compressive lesions. The time course of vision loss usually is helpful in distinguishing between these two entities. No definite way exists to differentiate these disorders on examination, but the detection of a superior temporal field defect in the fellow eye (a junctional scotoma) is highly suggestive of a compressive lesion affecting the anterior optic chiasm and the posterior optic nerve, involving the decussating fibers (termed Willebrand knee or genu). Posterior (retrobulbar) ischemic optic neuropathy (PION) may occur in patients with giant cell arteritis, other vasculitides, or severe blood loss (Chang and Miller, 2005; Hayreh, 2004). For practical purposes, no retrobulbar correlate to NAION exists.









Bilateral Presentations


Bilateral optic neuropathies in which the optic discs appear normal include nutritional optic neuropathy (including tobacco-alcohol amblyopia), vitamin B12 or folate deficiencies, toxic optic neuropathy (from heavy metals), drug-related optic neuropathy (due to chloramphenicol, isoniazid, ethambutol, and others), and inherited optic neuropathies. When these conditions are chronic, optic atrophy may ensue. Other diagnostic considerations in this category include bilateral compressive lesions and bilateral retrobulbar optic neuritis. Finally, posterior indirect traumatic optic neuropathy can result from shearing forces and subsequent edema within the optic canal.












Optic Neuropathies with Optic Atrophy


Any optic neuropathy that produces damage to the optic nerve may result in optic atrophy. Compressive lesions characteristically will cause progressive visual loss and optic atrophy. The presence of gliotic changes suggests that the disc was previously swollen.


Glaucomatous optic neuropathy is easily distinguished from optic neuritis, since it occurs in the setting of elevated intraocular pressure and optic disc cupping (Fig. 15.25) (Jonas and Budde, 2000). However, angle closure glaucoma may present with painful acute visual loss, resembling the features of optic neuritis. Distinguishing characteristics include the severity of pain (which can be excruciating) and a red eye with an enlarged, nonreactive pupil. Normal-tension glaucoma is more difficult to recognize but will present with optic disc cupping and progressive field constriction, despite normal intraocular pressures; many of these patients have a fairly benign natural history (Anderson et al., 2001).





[image: image]

Fig. 15.25 Fundus photograph of the right eye in a patient with glaucoma. The cup-to-disc ratio has increased to approximately 0.7. The intraocular pressure was 29 mm Hg before treatment.


(Reprinted with permission from Prasad et al., 2010.)





Dominantly inherited optic atrophy typically presents with insidious asymmetrical visual loss in childhood (Newman, 2005). These patients often have a striking disc appearance, with pallor and excavation of the temporal portion of the disc (Fig. 15.26). The disorder is due to mutations of the OPA1 gene, with autosomal inheritance and variable penetrance. The OPA gene product is believed to target the mitochondria and support membrane stability. Because over 90 different pathogenic OPA1 mutations have been described, a simple DNA test does not exist as it does for LHON.
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Fig. 15.26 Fundus photographs in a patient with dominant optic atrophy. Note extreme temporal pallor, with excavated appearance (asterisks).


(Reprinted with permission from Prasad et al., 2010.)





Optic atrophy also occurs as a consequence of disorders of the retina, optic chiasm, and optic tract. In patients with optic tract lesions, there is often temporal pallor of the ipsilateral disc and so-called bow-tie atrophy, with both nasal and temporal pallor of the contralateral disc. Acquired geniculocalcarine lesions (posterior to the optic tract) do not produce disc pallor, although congenital lesions may lead to optic atrophy through transsynaptic degeneration.









Congenital Optic Disc Anomalies


Congenital optic nerve anomalies (in addition to optic disc drusen, as discussed earlier in this chapter) include a tilted optic disc and optic nerve dysplasia. Visual loss associated with a congenital disc anomaly can range from total blindness to minimal dysfunction.






Tilted Optic Disc


A tilted optic disc usually is easily recognizable on fundus examination. The disc may appear foreshortened on one side, and one portion may appear elevated, with the opposite end depressed (Fig. 15.27). Often the retinal vessels run in an oblique direction. Tilted optic discs are of neurological importance in that they usually are bilateral and may be associated with temporal field loss, thus mimicking a chiasmal syndrome. However, differentiation from chiasmal disease generally is possible because visual field defects in patients with tilted discs typically do not respect the vertical meridian.
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Fig. 15.27 Tilted optic disc. The disc in the fellow eye had a similar appearance.











Optic Nerve Dysplasia


Of the several types of optic nerve dysplasia, optic nerve hypoplasia is the most common (Taylor, 2007). In this condition, the optic disc appears small and surrounded by choroid and retinal pigment changes that resemble a double ring (Fig. 15.28). The abnormality may be unilateral or bilateral. In most cases, no specific cause is identifiable. The frequency of optic nerve hypoplasia appears to be increased in children of mothers who had diabetes mellitus or ingested antiepileptic drugs, quinine, or lysergic acid diethylamide (LSD) during pregnancy. De Morsier syndrome (septo-optic dysplasia) is characterized by developmental abnormalities of structures sharing an embryological forebrain derivation, including bilateral optic nerve hypoplasia, absent septum pellucidum, and pituitary gland dysfunction (classic growth hormone deficiency) (Taylor, 2007). Optic nerve aplasia, or complete absence of the optic discs, is extremely rare.





[image: image]

Fig. 15.28 Optic nerve hypoplasia.


(Reprinted with permission from Beck, R.W., Smith, C.H., 1988. Neuro-Ophthalmology: A Problem-Oriented Approach. Little, Brown, Boston.)





Optic nerve coloboma is more common than optic nerve hypoplasia and results from incomplete closure of the fetal fissure (Fig. 15.29). It may occur as an isolated finding or as part of a congenital syndrome including Aicardi syndrome and trisomy 13. Another type of congenital anomaly, the optic pit, is manifested as a small grayish area, usually located in the inferior temporal portion of the optic disc. In some optic nerve dysplasias, the disc appears enlarged. This is true of the so-called morning glory disc in which a large whitish concavity is surrounded by pigmentation that resembles a morning glory flower. This appearance occurs because defective closure of the embryonic fissure is followed by growth of glial tissue and vascular remnants.
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Fig. 15.29 Optic disc coloboma.


(Reprinted with permission from Beck, R.W., Smith, C.H., 1988. Neuro-Ophthalmology: A Problem-Oriented Approach. Little, Brown, Boston.)















Retinal Disorders






Retinal Arterial Disease


Retinal arterial disease can manifest as a central retinal artery occlusion, branch retinal artery occlusion (CRAO/BRAO), or amaurosis fugax (transient monocular visual loss). Carotid artery atherosclerotic disease is the most common cause; cardiac valvular disease also must be considered. Evaluation and treatment for retinal arterial disease are similar to those for stroke and cerebrovascular disease in general because the annual risk of stroke or death in patients with visible retinal emboli can be increased 10-fold to 8.5% compared with controls. Acute retinal artery occlusion (CRAO/BRAO) is characterized by retinal whitening (edema) secondary to infarction. In CRAO, these findings usually are more prominent in the posterior pole than they are in the periphery (Fig. 15.30). A marked narrowing of the retinal arterioles often is noted. Because the fovea (the center of the macula) receives its blood supply from the choroid and there are no overlying retinal ganglion cells, this area retains its normal reddish-orange color, producing the characteristic cherry-red spot. The retinal edema usually subsides fairly rapidly over days to weeks. After resolution, the retinal appearance typically returns to normal, although the prognosis for visual recovery generally is poor.





[image: image]

Fig. 15.30 Central retinal artery occlusion. Note the cherry-red spot in the center of the macula, with surrounding whitening of the retina.




When present, retinal emboli most often are located at arteriolar bifurcations (Fig. 15.31). Visualization of retinal emboli is more common in BRAO than in CRAO. They take on a glistening or whitish or yellowish appearance and may be located on or near the optic disc or in the retinal periphery. The three major types of retinal emboli are (1) cholesterol (Hollenhorst plaques, most commonly from the carotid artery), (2) platelet-fibrin (most commonly from the cardiac valves), and (3) calcific (from either a carotid or cardiac source). It is difficult to accurately distinguish among these on the basis of fundus examination alone. With impaired blood flow after a CRAO, a portion of a retinal arteriole may take on a whitish appearance. This represents not an embolus, but rather stagnant lipid in the blood or changes in the arteriole wall.
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Fig. 15.31 Hollenhorst plaque at a retinal arteriole bifurcation.


(Reprinted with permission from Beck, R.W., Smith, C.H., 1988. Neuro-Ophthalmology: A Problem-Oriented Approach. Little, Brown, Boston.)









Branch Retinal Artery Occlusions and Encephalopathy (Susac Syndrome)


Branch retinal artery occlusions and encephalopathy (Susac syndrome) is a rare disorder characterized by multiple branch retinal artery occlusions and neurological dysfunction (Gross and Eliashar, 2005; Susac, 2004). Susac syndrome most commonly affects women between the ages of 20 and 40 years. A viral syndrome may precede the development of ocular and neurological signs. The most prominent neurological manifestations are impaired mentation and sensorineural hearing loss. Cerebrospinal fluid in patients with Susac syndrome shows a mild lymphocytic pleocytosis and elevated protein. Antinuclear antibody (ANA) testing and cerebral arteriography are generally normal, but brain MRI most often demonstrates multiple areas of high signal intensity that resemble demyelinating plaques on T2-weighted images.









Ocular Ischemic Syndrome


Generalized ocular ischemia indicates involvement of both retinal and ciliary circulations in the eye. Signs of optic nerve and retinal ischemia may be present, as well as ophthalmoplegia and evidence of anterior segment ischemia (iris atrophy, loss of pupil reactivity, cataract formation, rubeosis iridis). Carotid artery occlusion or dissection and giant cell arteritis are the primary considerations in patients with ocular ischemia.












Retinal Vein Occlusion


Central or branch retinal vein occlusions rarely occur in patients younger than 50 years. The diagnosis is established clinically by the presence of characteristic retinal hemorrhages in the setting of acute vision loss. These occur diffusely in central retinal vein occlusion and focally in branch retinal vein occlusion (Fig. 15.32). Disc edema often is present and in some cases is the predominant fundus feature. In ischemic occlusion, treatment with panretinal photocoagulation can improve prognosis. No direct associations between retinal vein occlusion and carotid artery atherosclerotic disease are recognized. Patients require evaluation for vascular risk factors but generally do not require carotid imaging or ultrasound examination. In cases of bilateral retinal vein occlusion, evaluate the patient for hyperviscosity syndromes or hypercoagulable states.
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Fig. 15.32 Fundus photograph of the left eye in a patient with central retinal vein occlusion. Note mild disc swelling and hyperemia (asterisks), engorgement of retinal veins (black arrows), and intraretinal dot-and-blot hemorrhages (white arrows).


(Reprinted with permission from Prasad et al., 2010.)












Retinal Degenerations


Among the many diseases of retinal degeneration, several are associated with neurological disease. The cause of retinitis pigmentosa (RP) is degeneration of the retinal rods and cones. Rods are predominantly affected early in the course of RP, impairing night vision. Visual field loss occurs first in the midperiphery and progresses to severe field constriction. Pigmentary retinal changes that look like bony spicules are the hallmark of RP (Fig. 15.33). In some cases, however, pigment changes are not prominent, and the visual field loss may be mistaken for a neurological disorder. Even without the characteristic bony spicule–type changes, the diagnosis of RP can be made on the basis of the retinal thinning, narrowing of retinal arterioles, and waxy optic disc pallor. RP may be associated with Kearns-Sayre syndrome, Cockayne syndrome, Refsum syndrome, Batten disease, inherited vitamin E deficiency, and spinocerebellar ataxia type 7.
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Fig. 15.33 Retinal findings in retinitis pigmentosa. Note prominent bony spicule changes in the retinal midperiphery.




Retinal photoreceptor degenerations also can occur as a remote effect of cancer (the paraneoplastic retinopathies). These include cancer-associated retinopathy (CAR), which affects primarily rods and manifests with night blindness; cancer-associated cone dysfunction, which manifests as dyschromotopsia; melanoma-associated retinopathy, which has a relatively better prognosis; and others. Visual acuity in these conditions initially can range from normal to significantly impaired, typically with a rapid rate of deterioration. Arteriolar narrowing is a consistent finding, and pigmentary changes in the retina are variable. Electroretinography is markedly abnormal (showing reduced to extinguished rod and cone components), and antiphotoreceptor antibodies often can be identified in the serum. Treatment of the underlying malignancy typically does not improve vision, but immunosuppression with steroids can be effective.


Progressive cone dystrophies are retinal degenerations that commonly demonstrate autosomal dominant inheritance. Typically, vision loss develops in both eyes, beginning in adolescence and worsening over several years. Early in the course of cone dystrophy, the fundus may appear normal; with time, however, pigmentary changes develop in the macula, and electroretinography demonstrates characteristic reductions of the photopic response.









Phakomatoses


Retinal findings are common in phakomatoses that affect the nervous system, particularly tuberous sclerosis and von Hippel-Lindau disease. Neurological features of phakomatoses are described in Chapter 65. In tuberous sclerosis, retinal astrocytic hamartomas are characteristic (Fig. 15.34). These usually are multiple and may appear either as a fullness in the retinal nerve fiber layer or as a nodular refractile lesion (mulberry type). Von Hippel-Lindau disease is characterized by the presence of one or more retinal angiomas that appear as reddish masses with a feeding artery and a draining vein (Fig. 15.35). Treatment with photocoagulation or cryotherapy may be necessary. Wyburn-Mason disease is characterized by racemose arteriovenous malformations in the retina (Fig. 15.36).
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Fig. 15.34 Astrocytic hamartoma in a patient with tuberous sclerosis.
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Fig. 15.35 Retinal angioma in a patient with von Hippel-Lindau disease.
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Fig. 15.36 Fluorescein angiogram of a racemose arteriovenous malformation in the retina in a patient with Wyburn-Mason disease.
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Pupillary Abnormalities






Pupil Anatomy and Neural Control


The size of the pupil is determined by the balance of action between two muscles embedded in the iris: the sphincter pupillae, primarily under parasympathetic control, and the dilator pupillae, primarily under sympathetic control. The sphincter is located circumferentially around the pupil and constricts the pupil on exposure to light. The dilator is situated radially and dilates the pupil in darkness. The resting tone of the pupil is primarily determined by the degree of baseline parasympathetic innervation. On exposure to light, the pupil constricts as a result of the pupillary light reflex (Fig. 16.1). The afferent limb of the light reflex originates in the retinal ganglion cells and travels via the optic nerve, chiasm, and optic tract to the dorsal midbrain pretectum just rostral to the superior colliculus, from which neuronal signals are relayed bilaterally to the paired parasympathetic Edinger-Westphal nuclei of the oculomotor nerve (Akert et al., 1980; Nester et al., 2010; Papageorgiou, Wermund, and Wilhelm, 2009). In primate studies, the pretectal olivary nucleus is identified as the primary relay between retinal ganglion cells and the Edinger-Westphal nuclei (see Fig. 16.1) (Kourouyan and Horton, 1997; Pong and Fuchs, 2000; Warwick, 1954). The efferent limb of the light reflex consists of the preganglionic parasympathetic fibers traveling from the Edinger-Westphal nuclei in both oculomotor nerves to the intraorbital ciliary ganglion and the postsynaptic, postganglionic short ciliary nerves carrying the parasympathetic innervation from the ciliary ganglion to the sphincter muscle (see Chapter 70 for a more extensive discussion of oculomotor nucleus and nerve anatomy). The pupillary near reflex consists of pupillary constriction as a response to viewing of a near target. Such miosis is a component of the near triad, along with lens accommodation and ocular convergence. The anatomic substrate of the pupillary near reflex is less well defined than that of the light reflex.
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Fig. 16.1 Schematic diagram of the pupillary light reflex in the macaque monkey, showing the afferent limb via the retina, optic nerve, and chiasm; the midbrain connections between the pretectal olivary nuclei and the Edinger-Westphal nuclei; and the efferent limb via the oculomotor nerve and ciliary ganglion. For simplicity, a single neuron in the olivary nucleus is shown projecting to both Edinger-Westphal nuclei, and inputs from both olivary nuclei converge on a single neuron in the Edinger-Westphal nucleus.


(Courtesy J.C. Horton; republished with permission from Kourouyan, H.D., Horton, J.C., 1997. Transneuronal retinal input to the primate Edinger-Westphal nucleus. J Comp Neurol 381, 78.)





Sympathetic nerves destined for the dilator muscle consist of a chain of three neurons: first-, second-, and third-order neurons (Fig. 16.2). First-order neurons originate in the posterolateral hypothalamus and descend in the dorsolateral brainstem and in the intermediolateral cell column of the spinal cord to the thoracic level (T2). After the first-order neurons synapse in the spinal cord, second-order neurons exit to the paravertebral cervical sympathetic chain via the ventral horns. They ascend near the lung apex and then with the common and internal carotid arteries to reach the superior cervical ganglion in the neck at the angle of the jaw, where they synapse with the third-order neurons. At this point, sudomotor fibers related to facial sweating separate anatomically from those fibers serving pupillary dilation. From the superior cervical ganglion, third-order neurons continue their ascent with the carotid artery through the skull base and into the cavernous sinus, where they temporarily travel with the abducens nerve. They then join branches of the trigeminal nerve, with which they enter the orbital apex, bypass the ciliary ganglion, and reach the dilator muscle via long ciliary nerves (see Fig. 16.2).
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Fig. 16.2 Parasympathetic and sympathetic pathways for innervation of the sphincter pupillae and the dilator pupillae. I. C., First cervical spinal cord segment; II Th., second thoracic segment; III, oculomotor nerve; V, trigeminal nerve.


(Adapted from Gray, H., 1918. Anatomy of the Human Body, plate 840.)












Normal Pupil Phenomena


Hippus, or pupillary unrest, is a nonrhythmical, small-amplitude (<1 mm) variation in pupil size that occurs in healthy eyes after light stimulation and is not triggered by accommodation (Hunter et al., 2000; Thompson et al., 1971). After a light stimulus, the pupil constricts, redilates, and then oscillates. The role (if any) of these oscillations in pupillary or visual function is unclear.


Physiological anisocoria (also termed central, simple, or benign anisocoria; unequal pupils) occurs in up to 20% of the population; the difference is generally less than 0.5 mm, although it may occasionally be up to 1 mm. It should not be accompanied by abnormalities of pupillary light or near responses, nor should it be accompanied by ptosis.


With age, pupils become smaller and less reactive to light. Such pupils generally do not require diagnostic evaluation. Although not a normal condition, diabetes similarly affects the pupils sufficiently often as to make small and poorly reactive pupils “normal” in that clinical setting in the absence of any other pathological pupil state. Both parasympathetic and sympathetic pupillary dysfunction are reported in diabetes, and pupillary abnormalities are correlated with a number of other disease processes, including the presence of cardiovascular autonomic dysfunction, peripheral neuropathy, and retinopathy (Bremner and Smith, 2006; Bremner, 2009).









Afferent Pathological Conditions of the Pupils


The relative afferent pupillary defect (RAPD), or Marcus Gunn pupil, is a hallmark of optic nerve disease. It is a manifestation of a relative unilateral disruption of the afferent limb of the pupillary light reflex via the optic nerve and occurs as a result of the consensual and bilateral nature of the light reflex. When a light stimulus is applied to one eye, both pupils constrict as a result of the bilateral connections between pretectal nuclei and the Edinger-Westphal nuclei. When the swinging flashlight test is performed to evaluate for RAPD, the light will be transmitted normally via one optic nerve and to a lesser extent by the diseased optic nerve. This results in the appearance of a brisk bilateral pupillary constriction when the light stimulus is applied to the normal eye and a lesser constriction with initial relative dilation when the light stimulus is transferred to the eye with the optic neuropathy, thus the RAPD. The greater the extent of retinal ganglion cell and optic nerve damage, the larger the relative dilation of the pupil will appear (Lagreze and Kardon, 1998). See Chapter 36 for a more detailed description and a table with step-by-step instructions on how to evaluate for an RAPD, and see Chapter 15 for an extensive discussion of optic nerve disease.









Efferent Pathological Conditions of the Pupils






Clinical Presentation and Examination


The medical history of a patient rarely begins with the statement “I noticed that I have unequal pupils.” Most patients have anisocoria brought to their attention by a doctor, friend, or relative. Those who notice anisocoria themselves may confuse the diagnostician by giving a misleading account of the duration of the condition. Magnification of old photographs of the patient may prove helpful in this regard. Occasionally a patient has visual dysfunction caused solely by abnormal pupillary size. Photophobia and slow dark adaptation occur when a fixed, dilated pupil fails to protect the retina from increased illumination. Less often, a complaint of poor night vision (or dim daytime vision) may arise in patients with small, poorly reactive pupils; this symptom is caused by pupils not dilating normally, which decreases the light-gathering power of the eye in conditions of dim illumination.


The pupil examination (see Chapter 36 for additional discussion) of a patient being evaluated for a pupillary abnormality should begin with observation of the resting positions of the pupils in the ambient room light and of resting eyelid positions. If anisocoria is present, the degree of anisocoria in the light versus in the dark should be evaluated. Pupil evaluation in the dark is done by having the patient look straight ahead in a dark room while the examiner shines just enough light indirectly from below to allow visualization of the pupils. Assessment in the light versus in the dark will help determine which pupil, if either, is the pathological pupil. Anisocoria that is more pronounced in the light suggests that the large pupil is the abnormal pupil, because the small pupil will constrict normally to the light, enhancing the difference in size between the small pupil and the large, nonconstricting pupil. The differential diagnosis for this includes parasympathetic outflow damage (tonic pupil, oculomotor palsy), iris sphincter injury or ischemia, pharmacological pupil dilation, and excessive sympathetic activation. Anisocoria that is more pronounced in the dark suggests that the small pupil is the pathological pupil, because the large pupil will dilate normally in the dark, enhancing the difference in size between the large pupil and the small, nondilating pupil. A caveat to the suggestion that the small pupil is pathological in this situation is that the anisocoria will generally be slightly enhanced in the dark with physiological anisocoria, a normal situation in which neither pupil is pathological (Lam et al., 1987). The differential diagnosis for a pathologically small pupil includes sympathetic inhibition (Horner syndrome), local iris pathology such as inflammation, and parasympathetic stimulation (e.g., pharmacological stimulation).


The next step in the examination is evaluation of the direct and consensual pupillary light reflexes, followed by evaluation of the pupillary near response (Kasthurirangan and Glasser, 2006). The near response is best assessed by having the patient hold the thumb several inches in front of the eyes while looking across the room and then to have the patient shift and maintain gaze on the thumb. In certain abnormal conditions, the pupils may have light-near dissociation with poor direct light reflexes but relatively preserved constriction to near stimuli. Once the abnormal pupil is identified, pharmacological testing with a number of topical eye drops is often used for confirmation and assistance in localization (Table 16.1). The general method is application of a drop of the pharmacological agent into each eye, followed by reexamination of the pupils 30 to 45 minutes later. Sensitivity of accurate response detection is increased with before-and-after photographic documentation. Diagnostic use of topical pharmacological agents and additional helpful examination findings for each of the specific disorders are described in detail in the respective sections of this chapter covering the disorders and outlined in a systematic guideline in Fig. 16.3. The presence of a slight degree of ptosis in the eye with the small pupil may indicate sympathetic dysfunction; ptosis in the eye with the larger pupil may indicate oculomotor nerve dysfunction. Careful examination of vision, ocular motility, facial strength and sensation, and ocular fundus should also be performed.


Table 16.1 Diagnostic Pupillary Eyedrop Testing






	Testing

	Mechanism of Action

	Diagnostic Utility and Expected Response






	ANISOCORIA GREATER IN THE LIGHT (ABNORMAL LARGER PUPIL)

	 

	 






	Dilute pilocarpine (0.0625% or 0.1%)

	Parasympathomimetic; direct sphincter stimulation

	Tonic pupil will constrict (denervation supersensitivity)






	 

	 

	Normal pupil and pupil affected by oculomotor palsy or pharmacological blockade will not respond






	Pilocarpine (1%)

	Parasympathomimetic; direct sphincter stimulation

	Normal pupil and pupil affected by oculomotor palsy will constrict






	 

	 

	Pupil affected by pharmacological blockade will not respond






	ANISOCORIA GREATER IN THE DARK (ABNORMAL SMALLER PUPIL)

	 

	 






	Cocaine (2% to 10%)

	Inhibits norepinephrine reuptake at the sympathetic terminus

	Horner pupil will not dilate






	 

	 

	Normal pupil will dilate






	Hydroxyamphetamine (1%)

	Induces third-order sympathetic neuron to release any stored norepinephrine

	Preganglionic (first- or second-order neuron) Horner pupil will dilate






	 

	 

	Postganglionic (third-order neuron) Horner pupil will not dilate






	Apraclonidine (0.5%)

	Weak sympathetic agonist

	Horner pupil will dilate (denervation supersensitivity)






	 

	 

	Normal pupil will not change or will constrict slightly
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Fig. 16.3 Flowchart with systematic guidelines for evaluation of anisocoria.











Anisocoria Greater in the Light






Postganglionic Parasympathetic Dysfunction—Tonic Pupil


A tonic pupil is large and reacts poorly to light and slowly to near stimuli; after distance refixation, it exhibits a slow, tonic redilation (Fig. 16.4). After removal of the near stimulus, such tonic redilation transiently reverses the anisocoria, making the tonic pupil smaller than the normal pupil, because the normal pupil quickly redilates, and the tonic pupil does not (see Fig. 16.4, D). In the ophthalmology office, evaluation of a tonic pupil at the slit lamp reveals wormlike segmental constriction of some portions of the pupil and absent constriction of other portions. Because of parasympathetic denervation of the iris sphincter muscle, denervation supersensitivity may occur, and instillation of a dilute solution of the cholinergic agent, pilocarpine, may confirm the diagnosis (Fig. 16.5; see also Table 16.1). A 0.1% solution is often suggested, but false-positive results may be more frequent than with a 0.0625% solution (Ashker et al., 2008; Leavitt et al., 2002). Dilute pilocarpine will constrict the tonic pupil, but not a normal pupil or a dilated pupil from another cause such as oculomotor palsy or pharmacological toxicity. Solutions of pilocarpine less than 1% are not commercially available and must be prepared by dilution with preservative-free normal saline solution.
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Fig. 16.4 Left tonic pupil. A, In darkness, anisocoria is minimal because the normal right pupil is dilated. B, In bright light, anisocoria is enhanced because the normal right pupil constricts, and the tonic pupil does not. C, A near stimulus results in constriction of the tonic pupil, demonstrating light-near dissociation. D, A few seconds after return of gaze to a distant target, the normal right pupil has redilated, and the tonic pupil remains small.
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Fig. 16.5 Right tonic pupil. A, Anisocoria with larger right pupil prior to dilute pilocarpine administration. B, Thirty minutes after dilute pilocarpine, the right pupil is constricted and the left unchanged. Patient also has an unrelated congenital strabismus with an exotropia (outward deviation of the eyes) and full ocular motility without diplopia.




Tonic pupils result from damage to the intraorbital ciliary ganglion or short ciliary nerves from any etiology, including focal infectious (herpes zoster, syphilis) or noninfectious (giant cell arteritis) inflammation, malignant infiltration, paraneoplastic processes, and trauma. Tonic pupils may also be seen as a component of a systemic autonomic neuropathy (see Chapter 77) (Bremner and Smith, 2006; Yamashita et al., 2010), Guillain-Barré syndrome or its Miller Fisher variant, and botulism. Perhaps the most common and most easily recognizable tonic pupil is the benign Holmes-Adie pupil, which often presents with acute painless enlargement of the pupil and may be accompanied by complaints of photophobia and blurred near vision due to involvement of fibers serving the ciliary body for lens accommodation. In 80% of patients, the condition is unilateral. It is most common in healthy young women and is thought to be due to a viral ciliary ganglionitis. Additional examination findings may include decreased deep tendon reflexes and decreased corneal sensation. The affected pupil tends to become smaller over time and may even eventually become smaller than the unaffected pupil. Ross syndrome is the triad of tonic pupils, hyporeflexia, and segmental anhidrosis (Ross, 1958). It is unclear whether this syndrome is a variant of the Holmes-Adie syndrome or a mechanistically distinct disorder, but impaired thermoregulation is the distinguishing element (Nolano et al., 2006; Shin et al., 2000). Harlequin syndrome, failure of facial flushing to thermal or emotional stress, may also occur with tonic pupils and hyporeflexia, although Horner syndrome is more common (Bremner and Smith, 2008).












Preganglionic Parasympathetic Dysfunction—Oculomotor Palsy


Pupillary enlargement from oculomotor palsy may be accompanied by ocular motor deficits due to impairment of the oculomotor-innervated medial, inferior, and superior rectus and inferior oblique muscles, and by ptosis due to involvement of the levator superioris muscle. Isolated pupillary involvement may occur as an early sign of neurovascular compression by a posterior communicating artery aneurysm because the pupillary fibers are located superficially on the superomedial surface of the nerve. It may also be a sign of herniation of the temporal lobe uncus from increased intracranial pressure, known as Hutchinson pupil (Ropper, 1990). A fixed and dilated Hutchinson pupil on initial presentation of head trauma, stroke, or intracranial mass lesion is associated with 75% mortality (Clusmann et al., 2001). Although dilute pilocarpine (0.1%) does not typically result in constriction of the pupil in this situation, it should constrict after administration of 1% pilocarpine (see Table 16.1). This may help in differentiating isolated pupillary enlargement from an oculomotor palsy from pharmacological pupillary enlargement, because the pharmacological pupil should not constrict. See Chapter 70 for a complete discussion of oculomotor nerve anatomy and clinical lesions; Fig. 70.2 shows an example of oculomotor palsy.









Iris Sphincter Injury and Ischemia


Blunt trauma to the eye can damage the iris sphincter, causing mydriasis (pupillary enlargement) with poor pupillary constriction to both light and near stimuli. Tears at the pupillary margin may be evident. Immediately after injury, the pupil may be smaller than normal (spastic miosis), but after a few minutes, it becomes dilated and poorly reactive. This course of events may simulate uncal herniation. Iris ischemia may also cause mydriasis and poor pupillary reactivity. This may occur with acute angle closure glaucoma and ocular ischemic syndrome. Both situations are generally accompanied by poor vision and pain. Additional signs of acute glaucoma include corneal edema and ocular injection. The ocular ischemic syndrome arises in patients with marked stenosis of an internal carotid artery or narrowing of both internal and external carotid arteries on one side. Associated eye findings include neovascularization of the retina or iris (rubeosis iridis), iritis, ocular hypotony, and corneal edema. Some rare forms of iris degeneration, such as iris atrophy and Fuchs heterochromic iridocyclitis, cause pupillary dilation, often with irregularity of the pupillary outline. Eyes with local iris disease may not constrict to 1% pilocarpine, depending on the severity of pupillary sphincter involvement.









Pharmacological Mydriasis


Pharmacological mydriasis usually occurs after accidental or intentional instillation of anticholinergic agents such as atropine. Accidental mydriasis usually occurs by hand-to-eye contact in individuals who have contact with dilating agents; examples include use of a scopolamine skin patch for motion sickness, administration of eye drops to a family member with eye disease, or exposure to plants with parasympathetic blocking activity such as angel’s trumpet (Havelius and Asman, 2002). Inadvertent administration of nebulized ipratropium into the eye via an ill-fitting face mask in a critically ill patient may result in unilateral mydriasis that mimics a Hutchinson pupil from intracranial hypertension and uncal herniation (Eustace et al., 2004). Pharmacologically dilated pupils tend to be larger than the dilated pupil of third cranial nerve palsy. Sympathomimetic agents, such as phenylephrine, cause mydriasis that is less extensive and prolonged than that caused by anticholinergic agents. Pharmacologically dilated pupils do not constrict after administration of 1% pilocarpine (see Table 16.1).









Anisocoria Greater in the Dark






Horner Syndrome


The classic Horner syndrome triad of sympathetic dysfunction consists of ipsilateral ptosis, miosis, and facial anhidrosis. The lesion may be anywhere along the three-neuron sympathetic pathway (described in Pupillary Anatomy and Neural Control). Anhidrosis is only present with lesions of the first- or second-order (preganglionic) neurons because the fibers serving facial sweating take a pathway distinct from those destined for the pupillary dilator muscle after synapsing in the superior cervical ganglion. The ptosis results from impaired innervation of the Müller muscle, which contributes only slightly to maintenance of eyelid opening. As a result, the maximum ptosis possible from sympathetic dysfunction is only 1 to 2 mm. Apparent enophthalmos (an illusion of a smaller, “sunken” eye) due to palpebral fissure narrowing from involvement of the Müller muscle in combination with subtle elevation of the lower lid (“reverse” or “upside down” ptosis) from involvement of lower lid smooth muscle may occur. An additional finding on examination is dilation lag, the delayed dilation of the Horner pupil in darkness (Pilley and Thompson, 1975) (Fig. 16.6).
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Fig. 16.6 Left Horner syndrome. A, Mild upper lid ptosis and miosis in room light. B, Anisocoria is increased at 5 seconds after lights are dimmed, owing to dilation lag of left pupil. C, Fifteen seconds after lights are dimmed, left pupil exhibits increased dilation compared to the image in B.




The differential diagnosis for Horner syndrome varies for a preganglionic lesion (first- or second-order neurons) versus a postganglionic (third-order neuron) lesion, and differentiation between the two will dictate the diagnostic approach. Determination of preganglionic versus postganglionic lesion can be made with pupillary diagnostic eye drops (Mughal and Longmuir, 2009). Hydroxyamphetamine (1%) is the drop most commonly used for this purpose. However, some diagnosticians prefer to utilize cocaine (2% to 10%) eye drops to confirm the presence of Horner syndrome rather than proceeding directly to hydroxyamphetamine to determine a preganglionic versus postganglionic lesion. Administration of both cocaine and hydroxyamphetamine cannot be done on the same day; at least 48 hours must separate the two diagnostic eye drop tests. From a practical standpoint, both medications are difficult to obtain. Cocaine is a controlled substance, must be kept under lock and key, and results in a positive urine toxicology screen for 2 days after ocular administration (Jacobson et al., 2001). Hydroxyamphetamine eye drops are no longer marketed in the United States but are usually obtainable from compounding pharmacies such as Leiter’s Park Avenue Pharmacy, 1756 Park Avenue, San Jose, CA 95126 (www.leiterrx.com; phone 800-292-6773). Cocaine inhibits the reuptake of norepinephrine at the sympathetic terminus, thereby causing accumulation of norepinephrine that is continuously released from sympathetic nerve terminals (Kardon et al., 1990). The result is dilation of a normal pupil but impaired dilation in the sympathetically denervated pupil, with a resultant increase in anisocoria. Lack of dilation after cocaine administration occurs for both preganglionic and postganglionic Horner syndrome. Hydroxyamphetamine induces the third-order neuron to release any stored norepinephrine. It will dilate a normal pupil and a pupil with an intact third-order sympathetic neuron. Therefore, if pupillary dilation occurs in a Horner pupil, the lesion is localized to the preganglionic first- or second-order neurons. If pupillary dilation fails to occur, a third-order neuron Horner syndrome is likely (Fig. 16.7, A-B).





[image: image]

[image: image]

[image: image]

Fig. 16.7 Acute-onset, painful, left postganglionic third-order neuron Horner syndrome secondary to a left carotid dissection. A, Left miosis and slight ptosis. B, Failure of left pupil to dilate 30 minutes after 1% hydroxyamphetamine instillation, confirming the postganglionic location of the lesion. C, T1-weighted axial magnetic resonance image without gadolinium through the skull base, showing a left carotid dissection with a crescent of hyperintense blood in the wall of the artery, causing narrowing of the artery lumen (black arrow). The normal flow void of the right carotid artery is seen at the tip of the short white arrow.




Apraclonidine, in a 0.5% solution, is a recent addition to the diagnostic armamentarium for Horner syndrome (Koc et al., 2005; Morales et al., 2000). It is an α-adrenergic agonist approved for lowering intraocular pressure during certain ophthalmologic surgical procedures. After bilateral administration of apraclonidine in a patient with Horner syndrome, there is reversal of the anisocoria caused by dilation of the Horner pupil and either constriction or no change in the normal pupil (Fig. 16.8). This occurs because apraclonidine is a weak α-1 agonist with no direct dilating activity in the normal pupil; the Horner pupil is dilated due to denervation supersensitivity. In addition to pupil dilation, the Horner-induced ptosis is resolved; however, this alone cannot be used to confirm diagnosis, because elevation of the eyelid may also be seen in normal eyes. Apraclonidine as a replacement for cocaine in the diagnosis of Horner syndrome is promising, but rigorous study is needed; it is unclear whether all interruptions of sympathetic outflow will result in denervation sensitivity and how much time is necessary for this to occur (Kardon, 2005). Positive apraclonidine testing is reported within 36 hours of lesion onset; however, false-negative testing is also reported up to 16 days after carotid dissection (Dewan et al., 2009; Lebas et al., 2010).
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Fig. 16.8 A, Right Horner syndrome with mild right ptosis and anisocoria with a small right pupil. B, Forty minutes after administration of apraclonidine. Note reversal of anisocoria secondary to dilation of the Horner pupil and resolution of ptosis.




Any inflammatory, compressive, neoplastic, traumatic, or other lesion along the course of the three-neuron sympathetic pathway may cause Horner syndrome. Two lesions in particular deserve detailed description, owing to their clinical importance and potential ominous prognosis if left undetected. These are carotid dissection, with presentation as an isolated Horner syndrome, and the Pancoast tumor. Acute onset of a painful Horner syndrome leads to suspicion of a carotid dissection until proven otherwise. Such presentation requires a very high degree of suspicion because it is often the intracranial precavernous portion of the carotid artery that is affected. It is not uncommon for this lesion to be missed on magnetic resonance angiography (MRA) and detected only by careful examination of non–contrast-enhanced axial T1-weighted magnetic resonance images (MRIs) through the base of the skull, looking for a crescent of hyperintense signal surrounding the carotid artery flow void (see Fig. 16.7, C). Treatment most typically consists of anticoagulation with heparin, followed by warfarin for 3 to 6 months, to minimize the risk of emboli from the dissected artery. A preganglionic Horner syndrome, particularly in a patient with a history of tobacco use, should prompt a search for a pulmonary apical neoplasm, or Pancoast tumor. Outside of these two clinical settings, the workup for Horner syndrome consists of neuroimaging of the affected sympathetic pathways: brain and spine (the entire cervical and first two thoracic segments) MRI with gadolinium for a preganglionic lesion, and brain MRI with gadolinium and MRA for a postganglionic lesion (Almog et al., 2010; Digre et al., 1992). In children, the majority of Horner syndromes are congenital; however, birth trauma, vascular malformations, carotid dissection, and neoplasm are also possible causes. The recommended evaluation in children includes neuroimaging and urinary catecholamine testing to screen for neuroblastoma (Smith et al., 2010).












Iritis (Iris Inflammation)


Acute inflammatory disease of the iris (iritis) may cause pupillary constriction. If inflammation persists, adhesions between the iris and the lens (posterior synechiae) may lead to pupillary irregularity and immobility. Usually the inflamed eye is red and the patient has photophobia. However, some chronic forms of iritis, such as sarcoid, can cause iris adhesions without these manifestations. Syphilis most commonly causes Argyll-Robertson pupils but may cause focal iris inflammation and degeneration. Infiltration of the iris by tumor or amyloid can also cause irregular pupils.









Episodic Anisocoria


Anisocoria may be intermittent. Physiological anisocoria can vary from week to week and occasionally from hour to hour. A rare condition known as tadpole pupil results from intermittent spasms of segments of the pupillary dilator muscle; often these patients have an underlying Horner syndrome (Thompson et al., 1983). A related phenomenon is oculosympathetic spasm associated with lesions of the cervical spinal cord.


Benign episodic unilateral mydriasis is a diagnosis of exclusion in which episodes of pupillary dilation last from minutes to a few days (Jacobson, 1995). Some patients have typical migraine headaches or a trigeminal autonomic cephalgia, but many patients have isolated monocular visual blurring or no symptoms at all (Antonaci et al., 2010). The frequency of episodes varies from a few per week to one every few years. Some patients appear to have parasympathetic insufficiency; others, sympathetic hyperactivity of the pupil, but no other neurological problems develop. Cyclical oculomotor palsy is a rare condition in which periodic oculomotor spasms occur in a patient with third cranial nerve palsy. During the spasms, the eyelid rises, the exotropic eye moves to the midline, and the pupil constricts. In some cases, the spasms are limited to the pupil. Intermittent spasm of portions of the pupillary sphincter may occur in traumatic third cranial nerve paralysis and with aberrant oculomotor regeneration. Unilateral pupillary dilation and other pupillary signs can also occur during seizures, and rhythmic pupillary oscillation is reported in Creutzfeld-Jakob disease (Nagasaka et al., 2010).









Pupillary Light-Near Dissociation


The term light-near dissociation refers to pupils that have marked diminution of constriction to light, with a much better constriction to near stimuli. The differential diagnosis includes tonic pupils, Argyll-Robertson pupils, and the dorsal midbrain syndrome (Han et al., 2010). Tonic pupils were described earlier (Anisocoria Greater in the Light). Argyll-Robertson pupils are small and irregular. This condition is historically most commonly seen in the setting of syphilis, but currently diabetes is likely the most common etiology, although the pupils are not miotic. Localization of the lesion causing such pupils is unclear, but possibilities include the ciliary ganglion and the dorsal midbrain (Thompson and Kardon, 2006). The dorsal midbrain syndrome, or Parinaud syndrome (see Chapter 19) consists of impaired upgaze, convergence-retraction nystagmus, and lid retraction (Collier sign), in addition to pupillary light-near dissociation. It is generally due to pineal gland lesions or hydrocephalus. Light-near dissociation in this centrally mediated mechanism may be due to destruction of the dorsally located olivary pretectal nuclei involved in the pupillary light reflex (see Pupillary Anatomy and Neural Control), with relative sparing of the fibers serving the pupillary near response, which seem to approach the pupillomotor center from a more ventral pathway.















Eyelid Abnormalities






Eyelid Anatomy and Neural Control


The width of the palpebral fissure is determined by the activity balance of the orbicularis oculi muscles, the levator palpebrae superioris muscles, smooth muscle called Müller muscle, and periorbital and eyelid connective tissues. The orbicularis oculi is innervated by the facial nerve, the levator palpebrae superioris by the oculomotor nerve, and Müller muscle by the sympathetic nervous system. Activation of the orbicularis oculi results in eye closure. The levator palpebrae and, to a lesser extent, Müller muscle are responsible for maintaining eye opening. See Chapter 70 for a complete discussion of the anatomy of the facial and oculomotor nerves.









Pathological Conditions of the Eyelids






Clinical Presentation and Examination


Patients with abnormal eyelids may present complaining of a change in the physical appearance of one or both eyelids, or they may complain of symptoms related to impaired eyelid function such as dry or burning eyes, often a result of excessive eyelid opening or incomplete eyelid closure. In contrast, patients may be unaware of a problem but have had an asymmetrical eye appearance brought to their attention by an acquaintance or family member. Patients will often indicate that they have a “droopy eye” even if the eye with the smaller palpebral fissure is the normal eye and the widened eye is the pathological side. It is up to the examiner to determine which eye has an abnormal lid position. Familiarity with the resting position of the eyelids is essential to determine whether a pathological state exists.


Steps in the examination of the eyelids are summarized in Box 16.1. The normal palpebral fissure is between 12 and 15 mm. At rest, the upper eyelid normally covers the upper 1 to 2 mm of the iris, and the upper border of the lower eyelid just touches the lower border of the iris (Fig. 16.9). In an eye with mild upper lid retraction, the lid just touches the upper limit of the iris, or a small amount of sclera is visible between the iris and the upper lid margin (superior scleral show) (Fig. 16.10). With lower lid retraction, sclera is visible between the iris and the lower lid margin (inferior scleral show). Patients with factitious (voluntary) ptosis display contraction of the orbicularis oculi with wrinkling of the skin near the lid margin and a lowered eyebrow. An example of true upper lid ptosis is seen in Fig. 16.10. In an effort to elevate the lids, patients with bilateral ptosis often have associated frontalis contraction with eyebrow elevation. Proptosis (exophthalmos, or eye protrusion) can be evaluated by inspecting the globe position with respect to the orbital rim by looking tangentially across the orbital margin from above, below, or laterally.





Box 16.1 Clinical Examination of the Eyelids







Observe for at least 1 minute, looking for the following:



Palpebral fissure asymmetry



The resting position of each upper and lower eyelid relative to the iris edge



Upper or lower lid retraction and scleral show



Ptosis



Proptosis (eye protrusion) or enophthalmos (inward or “sunken” eye)



Eyelid edema or scarring



Blink rate (normal is roughly 18 times per minute)


Assess lid position in different gaze directions


If ptosis is present, assess for worsening with prolonged upgaze


Observe gentle and forced lid closure


Examine for pupillary abnormalities, ocular motor abnormalities, and facial weakness
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Fig. 16.9 Normal eyelid position. Upper lid covers the upper 1 to 2 mm of the iris. Lower lid just touches the lower edge of the iris.
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Fig. 16.10 Mild lid retraction with superior scleral show in right eye and ptosis in left eye.




Assessment of lid position in different gaze positions may reveal lid retraction on downgaze, which suggests lid lag from orbital disease such as thyroid ophthalmopathy or aberrant regeneration of the oculomotor nerve. The latter condition may also cause lid retraction on adduction (see Fig. 70.2, A-B). There are many potential lid abnormalities with neuromuscular junction disease such as myasthenia gravis, including increased ptosis or induction of ptosis with prolonged upgaze, Cogan sign, enhanced ptosis, and the peek sign. Cogan sign is induced by rapid return of the eyes to central position after sustained downgaze; the upper eyelid may elevate excessively, twitch, and then return to its ptotic position. Enhanced ptosis is increased ptosis in a less or nonptotic eyelid on manual elevation of the more ptotic lid. The peek sign is positive when prolonged eye closure increases orbicularis oculi weakness and causes lid separation and globe exposure despite initial complete eye closure. Incomplete gentle eye closure may also suggest facial weakness from causes other than myasthenia gravis, including facial nerve palsy or a myopathic process such as chronic progressive external ophthalmoplegia (CPEO). More subtle weakness of the orbicularis oculi muscles may be detected with forced eye closure (Fig. 16.11). Forced lid closure with rapid reopening is an excellent technique for evaluating hemifacial spasm, apraxia of lid opening, and blepharospasm—conditions that are often worsened by this maneuver. Patients with apraxia of lid opening contract their forehead and elevate their brows when asked to open their eyes, but the eyes remain closed. Patients with blepharospasm have persistent orbicularis oculi contraction after being asked to open their eyes.
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Fig. 16.11 Forced eyelid closure. A, Normal forced eyelid closure. B, Weak eyelid closure. Lashes remain visible.




The final step in evaluation is to look for abnormalities of the pupil and ocular motility and to perform a full neurological examination. Ophthalmological consultation may be helpful from a diagnostic standpoint if the etiology of the lid abnormality is not readily apparent; it will also help ensure the corneal health of patients with lid abnormalities. After completion of these examination steps (outlined in Table 16.2), it should be possible to determine whether the abnormal palpebral fissure is the one that is too wide or the one that is too narrow, and to determine whether the dynamics of eyelid opening and closure are normal.









Pathologically Widened Palpebral Fissures


When the abnormal palpebral fissure is too wide, the differential diagnosis includes lid retraction from orbital disease (e.g., thyroid eye disease) or facial nerve dysfunction with resultant orbicularis oculi weakness (Bartley, 1996). Less common, but also to be considered in the differential diagnosis, are the stare and decreased blinking associated with parkinsonism; Summerskill sign, lid retraction associated with end-stage hepatic disease (Meadows et al., 2001); and Collier sign, or midbrain-induced lid retraction seen as a component of the dorsal midbrain syndrome. These conditions may result in exposure keratitis, causing the patient to complain of eye pain and blurred vision.


Patients with thyroid eye disease may be clinically and serologically hyperthyroid, hypothyroid, or euthyroid. In addition to the lid lag (higher-than-normal lid position in downgaze), thyroid eye disease is often accompanied by periorbital edema, conjunctival injection and chemosis, proptosis, eyelid retraction, lagophthalmos (inability to close the eye completely), and von Graefe sign (dynamic slowing of lid descent during eye movement from upgaze into downgaze). Diagnosis is confirmed by demonstration of enlarged extraocular muscles on orbital computed tomography or MRI and by the presence of thyroid-stimulating antibodies.


Lower lid retraction deserves special mention, because it may suggest a different differential when found in the absence of upper lid retraction. It may be congenital or mechanical due to lower lid laxity, but most often it is a sign of proptosis. As with upper lid retraction, thyroid eye disease is likely the most common cause, but it may appear to be spuriously retracted in three situations: (1) when the contralateral lower lid is elevated (as in Horner syndrome), (2) when the globe is elevated in conditions that cause hypertropia (e.g., fourth cranial nerve palsy), and (3) when the lower lid is weak from myasthenia gravis or facial nerve palsy.









Pathologically Narrowed Palpebral Fissures


When the abnormal palpebral fissure is too narrow, the differential diagnosis includes pseudoptosis and true ptosis (Figueiredo, 2010). Pseudoptosis may result from dermatochalasis (redundancy of eyelid skin) or contralateral lid retraction. True ptosis may be congenital or acquired via mechanical, myopathic, or neurogenic factors. Congenital ptosis can be caused by abnormalities of the levator muscle or its innervation and can be unilateral or bilateral. Additional congenital anomalies resulting in ptosis include trigeminal-levator synkinesis (Marcus Gunn jaw-wink phenomenon), in which unilateral ptosis occurs with jaw movements; Duane syndrome with paresis of abduction, adduction, (or both), associated with ptosis and globe retraction on attempted adduction; congenital oculomotor palsies; and congenital Horner syndrome (Demirci et al., 2010).


Acquired mechanical causes of ptosis include dehiscence of the levator aponeurosis secondary to aging (involutional blepharoptosis, or senile ptosis) or trauma and inflammation or infiltration of the lid with amyloid or malignancy (Klapper et al., 1998). Dehiscence of the levator aponeurosis is likely the most common cause of ptosis in the elderly and is accompanied by an elevated superior eyelid crease. Such ptosis typically worsens with downgaze (Olson and Putterman, 1995). The most common myopathic cause of ptosis is CPEO, which is most frequently a manifestation of a mitochondrial myopathy (see Chapter 63). CPEO may occur in isolation or as a component of a wider mitochondrial defect such as Kearns-Sayre syndrome, with pigmentary retinopathy and cardiac conduction defects. Oculopharyngeal muscular dystrophy and myotonic dystrophy are additional myopathic causes of ptosis. Myasthenia gravis is a frequent cause of acquired ptosis—either in isolation or accompanied by ocular motor defects or generalized weakness. Diagnosis is most reliably confirmed with acetylcholine receptor antibodies, a decremental response with electromyographic repetitive stimulation, or single-fiber electromyography. Neurogenic etiologies include Horner syndrome, oculomotor paresis, and occasionally, disease of the cerebral hemispheres (cerebral ptosis)—particularly right hemispheric lesions (Averbuch-Heller et al., 2002; Manconi et al., 2006) (Table 16.2). Rightward gaze deviation and upgaze paresis often accompany cerebral ptosis. Horner syndrome and oculomotor paresis are described in detail earlier in this chapter. Lower lid elevation may accompany upper lid ptosis in Horner syndrome and may occur secondary to enophthalmos (e.g., from orbital blowout fractures), local lid edema, excessive lid closure, or factitious ptosis.


Table 16.2 Lid Abnormalities Associated with Cerebral Hemisphere Lesions






	Lid Abnormality

	Pathological Findings






	Unilateral ptosis

	Contralateral hemisphere lesions; contralateral and ipsilateral hemisphere lesions






	Bilateral ptosis

	Bilateral frontal lobe lesions; unilateral and bilateral hemisphere lesions






	Impairment of voluntary lid opening and closure

	Dominant hemisphere or bilateral hemisphere lesions or basal ganglia disease






	Impairment of voluntary and reflex lid opening (apraxia of lid opening)

	Basal ganglia disease; bilateral hemisphere lesions; nondominant cerebral lesion






	Difficulty maintaining lid closure (motor impersistence)

	Nondominant hemisphere or bilateral hemisphere lesions






	Difficulty maintaining lid opening (reflex blepharospasm)

	Nondominant hemisphere or bilateral hemisphere lesions







Modified with permission from Nutt, J.G., 1977. Lid abnormalities secondary to cerebral hemisphere lesions. Ann Neurol 1, 149-151; and from Johnston, J.C., Rosenbaum, D.M., Picone, C.M., et al., 1989. Apraxia of eyelid opening secondary to right hemisphere infarction. Ann Neurol 25, 622-624.









Dynamic Eyelid Abnormalities


Dynamic lid abnormalities include blepharospasm, apraxia of lid opening, hemifacial spasm, myokymia, and myotonia. Blepharospasm consists of uncontrolled bilateral orbicularis oculi contraction causing eyelid closure (Fig. 16.12) (Etgen et al., 2006; Hallett, 2002). Secondary blepharospasm may occur as a result of photophobia from ocular disease such as dry eyes, corneal disease (abrasion, keratitis), and ocular inflammation. When the condition is bilateral with no associated ocular or neurological abnormalities, the diagnosis is benign essential blepharospasm, which is a focal dystonia. When there are dystonic movements of the lower face, jaw, tongue, or neck, the designation is oromandibular dystonia with blepharospasm (Meige syndrome), a segmental dystonia. When orbicularis contraction occurs only with lid manipulation or other stimulation, the term reflex blepharospasm is sometimes used. Most patients with parkinsonism have reflex blepharospasm, and all types of blepharospasm are made worse by lid manipulation and photophobia. Factitious (voluntary) blepharospasm is rare. The term apraxia of lid opening describes inappropriate inhibition of the levator palpebrae muscle that occurs in some patients with bilateral or nondominant cerebral lesions or in association with benign essential blepharospasm (Fig. 16.13) (Dewey and Marion, 1994; Krack et al., 1994).
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Fig. 16.12 Blepharospasm, involuntary forced eye closure.







[image: image]

Fig. 16.13 Apraxia of lid opening. Elevated eyebrows and forehead contraction with persistent eye closure.




Hemifacial spasm is characterized by paroxysmal, involuntary, synchronous contraction of all muscles innervated by the facial nerve on one side (Fig. 16.14) (see Chapter 70). Involuntary twitches of portions of the orbicularis oculi muscle (orbicularis myokymia) are common in normal individuals; these generally affect the lower eyelid. In facial myokymia, these muscular contractions involve other facial muscles. Occasionally, facial myokymia is associated with spastic paretic hemifacial contracture, a condition characterized by tonic contraction of facial muscles on one side with associated weakness of the same muscles. Facial myokymia may be unilateral or bilateral. This sign indicates brainstem disease; the most common causes are multiple sclerosis and brainstem neoplasm (usually gliomas), but Guillain-Barré syndrome and extraaxial neoplasms may be causal. Myotonia of lid closure may occur in myotonic dystrophy, hypothyroidism, and hyperkalemic (and more rarely, hypokalemic) familial periodic paralysis.
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Fig. 16.14 Hemifacial spasm. Synchronous contraction of muscles innervated by the left facial nerve.
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The senses of smell and taste play important roles in human safety, nutrition, and quality of life. In a study of 750 consecutive patients presenting to our center with chemosensory complaints, 68% reported altered quality of life, 46% reported changes in appetite or body weight, and 56% described adverse influences on daily living or psychological well-being (Deems et al., 1991a). In another study of 445 such patients, at least one hazardous event, such as food poisoning or failure to detect fire or leaking natural gas, was reported by 45.2% of those with anosmia, 34.1% of those with severe hyposmia, 32.8% of those with moderate hyposmia, 24.2% of those with mild hyposmia, and 19.0% of those with normal olfactory function (Santos et al., 2004). In a longitudinal study of 1162 older persons without dementia, mortality risk was 36% higher in those with low compared to high scores on a 12-item odor identification test after adjusting for such variables as sex, age, and education (Wilson et al., 2010). Of particular importance to the neurologist is the fact that chemosensory function can provide unique insight into neurological health. Thus, olfactory disturbances are among the early preclinical or presymptomatic signs of Alzheimer disease (AD) and sporadic Parkinson disease (PD) (Ross et al., 2008). Indeed, recent research suggests that a standardized odor identification test is as effective in detecting PD as a single-photon emission computed tomography (SPECT) scan employing [123I]ioflupane (DaTSCAN) (Deeb et al., 2010)


It is critical for the physician to realize that most complaints of decreased “taste” function reflect decreased olfactory function (Deems et al., 1991a). Flavor sensations such as cola, coffee, chocolate, strawberry, pizza, licorice, steak sauce, and vanilla depend upon stimulation of the olfactory receptors by molecules that enter the nasal pharynx during deglutition, a process called retronasal olfaction. Such “taste” sensations disappear when the olfactory epithelium is severely damaged, leaving intact only sensations from free nerve endings of the trigeminal nerve (CN V) and such taste bud–mediated sensations as sweet, sour, salty, bitter, and metallic. The ability to taste is much more resilient to pathological or trauma-related alterations than the ability to smell, largely reflecting the redundant innervation of the taste buds from multiple cranial nerves (i.e., CN VII, IX, X) (Deems et al., 1991a).


In this chapter, the anatomy and physiology of the olfactory and gustatory systems are reviewed, with an emphasis on pathophysiology. Chemosensory disturbances in diseases commonly encountered by the neurologist are described, along with means for patient assessment and symptom management.






Anatomy and Physiology






Olfaction


The olfactory receptor cells, which number around 6 million in the human, are located within a pseudostratified columnar neuroepithelium that also contains sustentacular or supporting cells, basal cells (the precursors of other cell types within the epithelium), and the poorly understood microvillar cells. This epithelium lines the cribriform plate and sectors of the superior septum, the middle turbinate, and the superior turbinate and is supported by a highly vascularized lamina propria that contains Bowman glands, the major source of the overlying mucus and enzymes that detoxify xenobiotic agents. It is into this mucus that each of the bipolar receptor cells projects 3 to 30 receptor-bearing cilia that interact with odorant molecules. These cells are unique, since they serve as both a receptor cell and a first-order neuron and can regenerate to some degree from basal cells after being damaged. Moreover, they exhibit the most diverse molecular phenotype of any neuron, expressing a wide range of receptor protein types and cell-surface antigens. A photomicrograph of the surface of the olfactory epithelium is shown in Fig. 17.1.
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Fig. 17.1 Surface transition region between olfactory and respiratory epithelia. Bottom half displays olfactory epithelium; top half, respiratory epithelium. Arrows identify olfactory receptor cell dendritic endings with cilia. Bar = 5 µm.


(From Menco, B.Ph.M., Morrison, E.E., 2003. Morphology of the mammalian olfactory epithelium: form, fine structure, function, and pathology. In: Doty, R.L. (Ed.), Handbook of Olfaction and Gustation, second ed. Marcel Dekker, New York, pp. 32-97, with permission.)





In the human, each receptor cell expresses only one of about 380 functional types of receptor proteins. Although roughly 950 genes express such receptor proteins, most of these genes are pseudogenes. Odor receptor genes are found in approximately 100 locations on all chromosomes except 20 and Y. Remarkably, the olfactory subgenome spans 1% to 2% of the total genomic DNA. Most single-chemical odorants stimulate more than one type of receptor, and overlap typically exists among the sets of receptors stimulated by various chemicals, implying complex across-fiber sensory coding at the periphery.


After coalescing into bundles (fila) within the lamina propria, the olfactory receptor axons traverse the foramina of the cribriform plate. These axons then distribute themselves across the surface of the olfactory bulb, a distinctly layered ovid structure composed of afferent and efferent nerve fibers, multiple interneurons, microglia, astrocytes, and blood vessels. The receptor cell axons selectively enter the sphere-like olfactory glomeruli located within an outer layer of the bulb. Those receptor cells expressing the same odorant protein converge onto the same glomerulus. The glomeruli number in the thousands in younger persons and are a defining feature of the olfactory system. With age, however, their number and integrity greatly decrease, being nearly absent in the elderly.


The activity of the primary output neurons of the olfactory bulb, the mitral and tufted cells, is modulated by many factors. In addition to being influenced directly by olfactory receptor cell activation, their membrane potentials are altered by numerous local interneurons and by centrifugal fibers. The most numerous cells of the olfactory bulb, the γ-aminobutyric acid (GABA)-ergic granule cells, can inhibit mitral and tufted cell activity via their connections with mitral cell secondary dendrites. These cells make up much of the core of the bulb and receive numerous inputs from central brain regions.


Unlike nearly all other central nervous system (CNS) neurons, the granule cells, as well as the largely dopaminergic periglomerular cells, undergo replacement over time (Altman, 1969). Astrocyte-like stem cells within the anterior subventricular zone of the brain generate large numbers of neuroblasts, some of which undergo restricted chain migration along the rostral migratory stream (Rousselot et al., 1994). This migration largely terminates within the granule cell layer of the olfactory bulb, from which some differentiating neuroblasts migrate more peripherally, thereby repopulating periglomerular cells. The architecture of the olfactory bulb, including its main cell types, is presented schematically in Fig. 17.2.
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Fig. 17.2 Schematic of olfactory bulb structures, neurons, and layers.


(From Alloway, K.D., Pritchard, T.C., 2007. Medical Neuroscience. Hayes Barton, Raleigh, North Carolina, with permission.)





Central brain structures that receive the output axons of the mitral and tufted cells via the lateral olfactory tract include the anterior olfactory nucleus, the piriform cortex, the anterior cortical nucleus of the amygdala, the periamygdaloid complex, and the rostral entorhinal cortex. These structures, collectively termed primary olfactory cortex, have reciprocal relations with one another and numerous other brain centers. For example, the entire length of the hippocampus receives fibers from the entorhinal cortex. Pyramidal cells from the anterior olfactory nucleus project to numerous ipsilateral and contralateral brain structures, the latter via the anterior commissure. While the olfactory system projects to cortical structures without initially synapsing in the thalamus, connections via the thalamus are present between primary (e.g., entorhinal) cortex and secondary (i.e., orbitofrontal) cortex.


The relative roles of central brain structures in odor perception are poorly understood. The piriform cortex appears to encode higher-order representations of odor quality, identity, and familiarity. This brain region also plays a role in odor learning and memory, as well as in coordinating information between olfaction, taste, and vision (Gottfried et al., 2002). The entorhinal cortex preprocesses information entering the hippocampus, whereas the amygdala seems to respond to the intensity of emotionally significant odors. The rostral regions of the orbitofrontal cortex are involved in odor memory, whereas the caudal regions are associated with odor detection. The processing of hedonic information about odors seems to occur within the orbitofrontal cortex, with pleasant odors activating the medial orbitofrontal cortex and unpleasant odors activating the lateral orbitofrontal cortex.









Gustation


Taste plays a critical role in identifying substances in foods and beverages, such as sugars and poisonous alkaloids, that promote or disrupt homeostasis. The taste receptor cells are found within the taste buds, small flask-like structures located on the surface of the oral epithelium (Fig. 17.3). These cells extend microvilli into the lumen of the bud near its apical opening, termed the taste pore. Like olfactory receptor cells, taste receptors die and become replaced at various intervals from basal cells within the bud.
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Fig. 17.3 Idealized drawing of longitudinal section of mammalian taste bud. Cells of type I, II, and III are elongated and form the sensory epithelium of the bud. These cells have different types of microvilli within the taste pit and may reach the taste pore. Type IV are basal cells, and type V are marginal cells. Synapses are most apparent at the bases of type III cells. The connecting taste nerves have myelin sheaths.


(From Witt, M., Reutter, K., Miller I.J., Jr. [2003] Morphology of the peripheral taste system. In: Doty, R.L., (Ed), Handbook of Olfaction and Gustation. NY: Marcel Dekker, pp. 651-677. The figure is on p. 663).





Humans possess approximately 7500 taste buds, most of which are found on lingual protuberances called papillae (Fig. 17.4). Taste buds innervated by the chorda tympani division of the facial nerve (CN VII) are found on the fungiform papillae, which are most dense on the tip and lateral margins of the anterior tongue. The palatine branch of the greater superficial petrosal division of CN VII innervates the taste buds on the soft palate. Some taste buds found on the anterior foliate papillae, located on a sector of the tongue’s posterior lateral margins, may also be innervated by branches of the chorda tympani nerve. Most foliate buds, as well as the buds on the circumvallate papillae—six to eight large structures that resemble flattened hills across the “chevron” of the posterior tongue—are innervated by the glossopharyngeal nerve (CN IX). Taste buds within the oral pharynx are supplied by the vagus (CN X) nerve. The small and somewhat pointed filiform papillae, which cover the entire tongue, harbor no taste buds. Although not involved in taste perception as such, the trigeminal nerve (CN V) participates in the formation of flavor via free nerve endings in the oral mucosa signaling sensations of touch, pain, and temperature. Thus, the fizziness of carbonated soft drinks and the warmth of coffee are dependent upon the stimulation of this nerve.
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Fig. 17.4 Schematic representation of the tongue, demonstrating the relative distribution of the four main classes of taste papillae. Note that the fungiform papillae can vary considerably in size, and that they are more dense on the anterior and lateral regions of the tongue.





Individuals differ markedly in terms of the number and distribution of their taste buds. Although some physiology textbooks suggest that different regions of the tongue are responsible for the four basic taste qualities, this is an oversimplification of the facts. In general, the front of the tongue is more sensitive than other tongue regions to all taste qualities, although in the case of bitter, the back of the tongue is typically much more sensitive. The relative average sensitivity of tongue regions to the four prototypical taste qualities is shown in Fig. 17.5, although it must be emphasized that significant individual differences exist.
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Fig. 17.5 Relative sensitivity of the edge of the tongue to the four classic taste qualities. Sensitivity reflects the reciprocal of the threshold value and is plotted as a ratio of maximal sensitivity = 1. Threshold data are from Hänig (1901). Note that all regions of the tongue that were evaluated were responsive to some degree to all stimuli, but that the anterior tongue was most sensitive to sweet, sour, and salty and least sensitive to bitter. The rear (base) of the tongue was relatively more sensitive to bitter.


(Adapted from Boring, E.G., 1942. Sensation and Perception in the History of Experimental Psychology. Appleton-Century Crofts, New York.)





The specific receptors involved in sensing taste stimuli have now been identified (Hoon et al., 1999). A small family of three G protein–coupled receptors (GPCRs)—T1R1, T1R2, and T1R3—encode sweet and umami (monosodium glutamate–like) sensations. Bitter sensations are mediated by the T2R receptors, a family of about 30 GPCRs that are expressed on cells different from those that express the sweet and umami receptors. The salty sensation of sodium chloride arises from the entrance of Na+ ions into the cells via specialized membrane channels such as the amiloride-sensitive Na+ channel. Although sour taste has been suggested to depend upon a range of receptors, PKD2L1 is likely the primary sour taste receptor.


The nerves innervating the taste buds converge centrally onto the nucleus of the solitary tract of the brainstem. Although species differences exist, the afferent taste nerve fibers can be classified electrophysiologically into categories based upon their relative responsiveness to sweet, sour, bitter, and salty-tasting stimuli. In the hamster, for example, sucrose-best, HCl-best, and NaCl-best fibers have been observed (Frank et al., 1988). Despite the fact that fibers are generally “tuned” for rather specific stimuli, they can nonetheless respond to other stimuli. For example, a few sucrose-best fibers also respond to NaCl and HCl. NaCl-best fibers and HCl-best fibers are less tightly tuned than sucrose-best fibers, with more fibers responding to multiple classes of stimuli.


Fibers from the nucleus of the solitary tract project to a taste center within the upper regions of the ventral posterior nuclei of the thalamus via the medial lemniscus, a pathway connecting the brainstem to the thalamus. From here, information is sent to the amygdala and several cortical regions including the primary somatosensory cortex and the anterior insular cortex. Neurons within these regions respond to taste, touch, and in some cases odors.


The “taste code” interpreted by the brain depends on the specific neurons that are activated and the patterns of firing that occur both within and between these nerves. As with odors, the brain must remember what a particular tastant tastes like (e.g., sweet), and a matching or comparison of information coming from the taste pathways must be made at some point with the remembered sensation to allow for its recognition or identification. Higher brain regions play a significant role in establishing taste contrasts (e.g., something tasting more sour after prior experience with a sweet stimulus), inducing sensory fatigue, integrating multiple taste sensations, influencing taste hedonics, and integrating information from other senses to establish the experience of flavor.












Chemosensory Testing


Three general classes of sensory tests are available for quantifying human chemosensory function: psychophysical, electrophysiological, and psychophysiological (Doty, 2007). Psychophysical tests include tests where subjects make a conscious response, such as in tests of odor adaptation, detection, recognition, identification, discrimination, memory, hedonics, and suprathreshold scaling of various sensory dimensions. Electrophysiological tests measure minute stimulus-induced electrical changes from sensory receptors or the brain in the absence of verbal or other consciously overt subject responses. Included are summated electrical potentials from the surface of the olfactory epithelium (termed the electro-olfactogram), tongue, or scalp (changes in the electroencephalogram, such as event-related potentials or summated total power). Clinically, psychophysical tests have been most widely employed, in part due to reliability, practicality, and cost.


The most widely used psychophysical tests are those of identification and detection (Doty, 2007). In identification tests, a subject is typically asked to identify, usually from a list of alternatives, the quality of the sensation experienced when sniffing or tasting a stimulus. A response is required even if no sensation is perceived, a procedure called forced-choice responding. For example, in the most popular odor identification test, the University of Pennsylvania Smell Identification Test (UPSIT), the subject is provided with a series of 40 microencapsulated (scratch and sniff) odors and in each case asked to choose the name of the odor from four response alternatives (Doty et al., 1984b) (Fig. 17.6). The number of correct answers determines the degree of deficit and allows for both overall classification of function (i.e., normosmia, mild microsmia, moderate microsmia, severe microsmia, anosmia) and a relative percentile classification based upon age- and sex-related norms. Malingering can be discerned by improbable responses in the forced-choice situation, such as not correctly identifying any odors or otherwise identifying odors at a rate significantly below the expected chance performance of 25%. In an odor detection threshold test, a subject is typically presented with an odor and one or more blanks in random fashion and asked to identify which stimulus is stronger or otherwise discernable from the other stimuli. A common procedure is to present stronger stimuli when a miss occurs and weaker stimuli when a hit occurs, following a defined algorithm. This is termed a staircase procedure, and the threshold is defined as a set number of reversals of the staircase. With the exception of tests of hedonics and suprathreshold scaling, scores on tests of odor identification and detection, as well as discrimination and memory, are highly correlated, with the size of the correlations being dependent upon the less reliable of the intercorrelated tests (Doty et al., 1994). It is for this reason that a rather complete characterization of smell function can be obtained by simply using a reliable odor identification test.





[image: image]

Fig. 17.6 Booklets of the University of Pennsylvania Smell Identification Test (UPSIT). The test comprises 4 booklets, each containing 10 microencapsulated scratch-and-sniff odorants that are released by a pencil tip. Associated with each odorant is a multiple-choice question about which of four possibilities is correct. Forced-choice answers are recorded on the last page of each booklet and assessed with a simple scoring key.





Although very brief tests can be useful in screening, they have significant limitations. Short tests do not allow for the detection of malingering and are generally less sensitive than longer tests. As a general rule, the more trials contained in a test, the higher its reliability and sensitivity (Doty et al., 1995). Despite the fact that some very brief tests are reliable, their reliability is associated with less sensitivity and specificity, as brief tests can only clump patients into very broad dysfunction categories. This is analogous to the ability of a flashlight to determine blindness in a patient. While this may allow for accurate detection of absolute blindness, it does not allow for assessing varying degrees of less than total blindness.









Disorders of Olfaction


Olfactory loss can be total (anosmia) or less than total (hyposmia or microsmia). Strange and distorted smells, sometimes described as “chemical” or “garbage-like,” can occur either in the absence of a stimulus (phantosmia, also called olfactory hallucinations) or when an odorant or warm air is smelled (dysosmia or parosmia). When a fecal-like character is present, this is often termed cacosmia. Most cases of dysosmia or phantosmia are due to neurological causes such as altered firing of the receptor cells during degeneration or regeneration, although in some instances, bacterial infections within the nose or sinuses can produce foul smells that result in this condition. Olfactory agnosia, the inability to recognize odors by an otherwise intact olfactory system, may occur secondary to some brain lesions, although distinguishing this problem from other forms of dysfunction is challenging. Hypersensitivity to odorants (hyperosmia) has been reported, but many persons claiming hypersensitivity are experiencing dysosmias and show decrements in function upon testing. As with the other senses, olfactory dysfunction can be bilateral or unilateral.


Many factors influence the ability to smell: age, sex, smoking behavior, reproductive state, nutrition, toxic exposures, head trauma, and numerous diseases (Table 17.1). Men generally perform less well than women on olfactory tests. Age is a major correlate of smell dysfunction, with significant decrements occurring in over 50% of those between 65 and 80 years of age and in 75% of those 80 years of age and older (Doty et al., 1984a) (Fig. 17.7). Such losses help explain why many elderly find food distasteful and succumb to nutritional deficiencies and, in rare instances, natural gas poisoning.


Table 17.1 Disorders and Conditions Associated with Compromised Olfactory Function, as Measured by Olfactory Testing






	22q11 Deletion syndrome

	Lubag






	HIV/AIDS

	Medications






	Adenoid hypertrophy

	Migraine






	Adrenal cortical insufficiency

	MS






	Age

	Multiple system atrophy






	Alcoholism

	Multi-infarct dementia






	Allergies

	Narcolepsy with cataplexy






	AD

	Neoplasms, cranial/nasal






	ALS

	Nutritional deficiencies






	Anorexia nervosa

	Obstructive pulmonary disease






	Asperger syndrome

	Obesity






	Ataxias

	OCD






	Attention deficit/hyperactivity disorder

	Orthostatic tremor






	Bardet-Biedl syndrome

	Panic disorder






	Chemical exposure

	PD






	COPD

	Parkinson dementia complex of Guam






	Congenital

	Pick disease






	Creutzfeldt-Jakob disease

	PTSD






	Cushing syndrome

	Pregnancy






	Cystic fibrosis

	Pseudohypoparathyroidism






	Degenerative ataxias

	Psychopathy






	Diabetes

	Radiation (therapeutic, cranial)






	Down syndrome

	REM behavior disorder






	Epilepsy

	Refsum disease






	Facial paralysis

	Renal failure/end-stage kidney disease






	FTLD

	Restless legs syndrome






	Gonadal dysgenesis (Turner syndrome)

	Rhinosinusitis/polyposis






	Guamanian ALS/PD/dementia syndrome

	Schizophrenia






	Head trauma

	Seasonal affective disorder






	Herpes simplex encephalitis

	Sjögren syndrome






	Hypothyroidism

	Stroke






	HD

	Tobacco smoking






	Iatrogenesis

	Toxic chemical exposure






	Kallmann syndrome

	Upper respiratory infections






	Korsakoff psychosis

	Usher syndrome






	Leprosy

	Vascular disorders (e.g., aneurysms, hemorrhages)






	Liver disease

	Vitamin B12 deficiency







AD, Alzheimer disease; AIDS, acquired immunodeficiency syndrome; ALS, amyotrophic lateral sclerosis; COPD, chronic obstructive pulmonary disease; FTLD, frontotemporal lobar degeneration; HD, Huntington disease; HIV, human immunodeficiency virus; MS, multiple sclerosis; OCD, obsessive compulsive disorder; PD, Parkinson disease; PTSD, posttraumatic stress disorder; REM, rapid eye movement.
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Fig. 17.7 Scores on the University of Pennsylvania Smell Identification Test (UPSIT) as a function of subject age and sex. Numbers by each data point indicate sample sizes. Note that women identify odorants better than men at all ages.


(From Doty, R.L., Shaman, P., Applebaum, S.L., et al., 1984a. Smell identification ability: changes with age. Science 226, 1441-1443.





The three most common causes of long-lasting or permanent smell loss of patients who present to smell and taste centers are, in order of frequency, upper respiratory infections, head trauma, and chronic rhinosinusitis (Deems et al., 1991a). Congenital, iatrogenic, and toxic chemical exposures are the next most common causes. These etiologies can result in permanent damage to the olfactory neuroepithelium, decreased number of receptor cells, and replacement of sensory epithelium with other types of epithelia. Susceptibility to such damage likely increases from reduction or inhibition of mucociliary transport by a range of factors including diet, drugs, disease, genetics, and age-related changes in nasal function and normal defense mechanisms.


Symptoms of the common cold and influenza are readily apparent to the patient, but it is important to remember that most viral infections are either entirely asymptomatic or so mild that they go unrecognized. Thus, during seasonal epidemics, the number of serologically documented influenza or arboviral encephalitis infections exceeds the number of acute cases by several hundred-fold (Stroop, 1995). For these and other reasons, many idiopathic cases of smell dysfunction likely reflect unrecognized viral infections. Smell dysfunction has been reported in rare instances following influenza vaccine inoculations (Fiser and Borotski, 1979). This may reflect a subtle but defining influence on an already compromised olfactory epithelium, although coincidental viral infection cannot be excluded from consideration. Under certain circumstances, some viruses can enter the brain after incorporation into the olfactory receptor cells, possibly catalyzing neurodegenerative disease (Doty, 2008). Such viruses as herpes simplex types 1 and 2, polio, the Indiana strain of wild-type vesicular stomatitis, rabies, mouse hepatitis, Borna disease, and canine distemper viruses are neurotropic for peripheral olfactory structures.


Loss of smell function from head trauma usually reflects coup-contrecoup movement of the brain that shears off the olfactory fila at the level of the cribriform plate (Doty et al., 1997). In most cases, scar tissue forms, precluding reconnection of axons from regenerating receptor cells. Fractures of the cribriform plate or other elements of the skull are rare in such cases and are not a prerequisite for the smell loss. In general, the more severe the head trauma, the higher the likelihood that smell loss is present.


A major development in neurology is the discovery that a number of neurodegenerative diseases are associated with smell loss early in their course, most notably AD and PD. In most cases, the smell loss precedes the presentation of the classic clinical phenotype by several years. Interestingly, a number of disorders often confused with these two diseases are unaccompanied by meaningful olfactory dysfunction, making smell testing potentially useful as an aid in differential diagnosis. For AD, major affective disorder is an example (McCaffrey et al., 2000). For PD, such examples include progressive supranuclear palsy (PSP) (Doty et al., 1993), essential tremor (Busenbark et al., 1992), MPTP-induced parkinsonism (Doty et al., 1992), and vascular parkinsonism (Katzenschlager et al., 2004). The relative severity of olfactory dysfunction in a range of neurodegenerative diseases and in schizophrenia is shown in Table 17.2.


Table 17.2 Relative Degree of Olfactory Dysfunction in Various Neurological Diseases on an Arbitrary Scale






	Disease

	Relative Severity of Smell Loss






	Idiopathic PD, AD, DLB, Guam PD-dementia complex, idiopathic rapid eye movement sleep behavior disorder

	++++






	HD, Down syndrome, PARK8 PD

	+++






	Multiple system atrophy (type-P), PARK1 PD, pallidopontonigral degeneration, drug-induced PD?, schizophrenia, semantic dementia?, X-linked dystonia-parkinsonism (Lubag), narcolepsy

	++






	Motor neuron disease, SCA2 PD, Friedreich ataxia, PARK3, corticobasal degeneration, FTD

	+






	Major affective disorder, essential tremor, vascular parkinsonism, MPTP-induced parkinsonism, idiopathic dystonia, SCA3 PD, PSP; PARK2

	0







Key: ++++ marked damage; + mild damage; 0 normal. Note that most of the values are based on relatively small patient numbers except for idiopathic PD.


AD, Alzheimer disease; DLB, dementia with lewy bodies; FTD, frontotemporal dementia; HD, Huntington disease; PD, Parkinson disease; PSP, progressive supranuclear palsy; SCA, spinocerebellar atrophy.


Modified and updated from Hawkes, C.H., Doty, R.L., 2009. The Neurology of Olfaction. Cambridge University Press, Cambridge, with permission.


It is noteworthy that the olfactory loss is present in idiopathic rapid eye movement sleep behavior disorder (iRBD) as well as in PD, since individuals with iRBD frequently develop PD. The fact that rapid eye movement(REM) behavior disorder is seen not only in its idiopathic form but in association with narcolepsy led has led to findings that narcolepsy—independent of REM behavior disorder—is associated with a significant impairment in olfactory function (Buskova et al., 2010; Stiasny-Kolster et al., 2007). Orexin A, also called hypocretin-1, is significantly decreased or undetectable in the cerebrospinal fluid of patients with narcolepsy and cataplexy. The orexin-containing hypothalamic neurons project throughout the entire olfactory system (from the olfactory epithelium to the olfactory cortex) (Caillol et al., 2003). Thus, damage to these projections may potentially impair olfactory performance in narcoleptic patients. The intranasal administration of orexin A (hypocretin-1) to narcoleptic patients with cataplexy has been found to improve their olfactory function, implying that mild olfactory impairment is not only a primary feature of this disorder but that CNS orexin deficiency could be a possible mechanism for this loss (Baier et al., 2008).









Disorders of Taste


As noted in the beginning of the chapter, most patients with complaints of taste loss have olfactory dysfunction, not taste dysfunction. This reflects the greater fragility of the olfactory system and the dependence of flavor sensations upon retronasal stimulation of this system. Impairment of whole-mouth gustatory function is rare outside of generalized metabolic disturbances, such as from diabetes, chronic renal failure, end-stage liver disease, thyroid disease, hypothyroidism, medications, and vitamin and mineral deficiencies. Nonetheless, taste perception can be altered by (1) viral invasion of one or more taste nerves, (2) the release of foul-tasting materials from the nasal and oral cavities secondary to medical conditions and oral appliances (e.g., rhinosinusitis, gingivitis, purulent sialadenitis), (3) transport problems of tastants to the taste buds (e.g., scaring of the lingual surface, mucosal drying, inflammatory conditions, infections), (4) damage to the taste buds (e.g., invasive carcinomas, local trauma), (5) damage to the taste nerves (e.g., chorda tympani damage from Bell palsy, middle ear infections or operations), and (6) damage to taste-related CNS structures from disorders such as multiple sclerosis, tumors, epilepsy, and stroke. Lesions caudal to the pons produce ipsilateral deficits, whereas lesions within the pons proper can produce ipsilateral, contralateral, or bilateral deficits. Both ipsilateral and contralateral taste deficits have been noted in patients with lesions of the insular cortex, reflecting the bilateral representation of taste function at this level (Pritchard et al., 1999). Unlike CN VII, CN IX is relatively protected along its path, although iatrogenic interventions can result in CN IX injury (e.g., from tonsillectomy, bronchoscopy, laryngoscopy, radiation therapy), and this nerve is not immune to damage from tumors, vascular lesions, and infection. On rare occasion, epilepsy or migraine is associated with a gustatory prodrome or aura, and some tastes may actually trigger seizures or migraine attacks.


The influence of medications on taste function is well established. Over 250 medications have been implicated in taste dysfunction, including antineoplastic agents, antirheumatic drugs, antibiotics, and blood pressure medications (Doty et al., 2008). Terbinafine, a popular antifungal, can produce long-lasting loss of sweet, sour, bitter, and salty taste perception (Doty and Haxel, 2005). A recent double-blind study found that eszopiclone, a widely used sleep medication, induces a bitter dysgeusia in approximately two-thirds of individuals tested (Doty et al., 2009). This sensation was related to the time since drug administration, was stronger for women than for men, and correlated with both saliva and blood levels of the drug.









Clinical Evaluation of Taste and Smell


Etiology can usually be established from a clinical history that explores symptom nature, onset, duration, pattern of fluctuations, and potential precipitating events, such as upper respiratory infections that occurred prior to symptom onset. Information regarding head trauma, smoking habits, drug and alcohol abuse (e.g., intranasal cocaine, chronic alcoholism in the context of Wernicke and Korsakoff syndromes), exposures to pesticides and other toxic agents, and medical interventions are informative. The possibility of multiple or cumulative effects cannot be discounted. A determination of all the medications that the patient was taking before and at the time of symptom onset is important, as are comorbid medical conditions potentially associated with taste and smell impairment, such as renal failure, liver disease, hypothyroidism, diabetes, and dementia. Delayed puberty in association with anosmia (with or without midline craniofacial abnormalities, deafness, and renal anomalies) suggests the possibility of Kallmann syndrome. Recollection of epistaxis, discharge (clear, purulent, bloody), nasal obstruction, allergies, and somatic symptoms including headache or irritation have potential localizing value. Questions related to memory, parkinsonian signs, and seizure activity (e.g., automatisms, occurrence of black-outs, auras, déjà vu) should be posed. The possibility of malingering should be considered, particularly if litigation is involved. Intermittent smell loss usually implies an obstructive disorder, such as from rhinosinusitis or other inflammatory problem. Sudden smell loss alerts the practitioner to head trauma, ischemia, infection, or a psychiatric condition. Gradual smell loss can be a marker for the development of a progressive obstructive lesion, cumulative drug effects, or simply presbyosmia or presbygeusia. While losses secondary to head trauma are most commonly abrupt, in some cases the loss appears over time or only becomes apparent to the patient after a long interval.


In addition to quantitative sensory evaluation, which is key in defining the dysfunction, neurological and otorhinolaryngological (ORL) examinations, along with appropriate brain and nasosinus imaging, aid in evaluating patients with olfactory or gustatory complaints. In the case of olfaction, the neural evaluation should pay particular attention to possible skull base and intracranial lesions. The ORL examination should thoroughly assess the intranasal architecture and mucosal surfaces. Polyps, masses, and adhesions of the turbinates to the septum may compromise the flow of air to the olfactory receptors, since less than a fifth of the inspired air traverses the olfactory cleft in the unobstructed state. Blood serum tests may be helpful to identify such conditions as diabetes, infection, heavy metal exposure, nutritional deficiency (e.g., vitamin B6, B12), allergy, and thyroid, liver, and kidney disease.









Treatment and Management


Management of chemosensory disorders is condition specific. Optimism for prognosis is warranted for most patients with obstructive or inflammatory disorders (e.g., allergic rhinitis, glossitis, polyposis, intranasal or intraoral neoplasms) for which medical or surgical interventions are available. In cases of rhinosinusitis, for example, an oral taper of prednisone can initially be used to quell general inflammation, followed by topical administration of the nasal spray or drops in the inverted head position, such as the Moffett position (Canciani and Mastella, 1988), increasing the likelihood of the material reaching the olfactory epithelium. Candidiasis or other oral infections can be quelled with topical antifungal and antibiotic treatments. Some salty or bitter dysgeusias respond to chlorhexidine mouthwash, possibly as a result of its strong positive charge (Wang et al., 2009). Patients with excessive oral dryness, including dryness due to medications, often benefit from the use of mints, lozenges, or sugarless gum, as well as from oral pilocarpine or artificial saliva.


Medications that induce distortions of smell or taste can often be discontinued and other types of medications or modes of therapy substituted. Unfortunately, little empirical data are available for most drugs, and some drug-related effects on the taste system appear to be long lasting and not reversed by short-term drug discontinuance (Doty et al., 2008). There is suggestion that some antioxidants such as α-lipoic acid may be effectual in some cases of hyposmia, hypogeusia, dysosmia, dysgeusia, and burning mouth syndrome (Hummel et al., 2002), although strong scientific evidence for its efficacy is lacking. Despite being widely mentioned in the medical literature, zinc and vitamin A therapies offer unlikely benefit for olfactory disturbances except when frank deficiencies are present, although both of these agents may improve taste dysfunction secondary to hepatic deficiencies (Deems et al., 1991b). A recent report that theophylline improved smell function was not double blinded and lacked a control group, failing to take into account that some meaningful improvement occurs without treatment (Henkin et al., 2009). Indeed, the percentage of patients reported to be responsive to the treatment was about the same as that noted by others to show spontaneous improvement over a similar time period. Similar issues are inherent in a recent claims of efficacy for acupuncture and transcranial magnetic stimulation. There are claims that some antiepileptics and antidepressants (e.g., amitriptyline) may be of value in treating some chemosensory disturbances, particularly following head trauma. However, in the case of amitriptyline, there is clear evidence that it can distort taste function, possibly from its anticholinergic effects (Schiffman et al., 1999). A recent study suggests that donepezil (acetylcholinesterase inhibitor) improved odor identification scores in patients with AD, and that such scores correlated with overall clinician-based impressions of change scales (CIBIC-plus), leading the authors to suggest that tests of smell identification function may be useful in assessing treatment responses to this medication (Velayudhan and Lovestone, 2009).


It is of interest that repeated exposure to odorants may in fact increase sensitivity to them in both animals and humans, providing a rationale for therapies in which multiple odors are smelled before and after going to bed (Hummel et al., 2009). However, double-blind studies with appropriate controls are needed to confirm the effectiveness of this approach. Importantly, spontaneous recovery over time occurs in some instances, providing hope to at least some patients. In a longitudinal study of 542 patients presenting to our center with smell loss from a variety of causes, modest improvement occurred over an average time period of 4 years in about half of the participants (London et al., 2008). Nonetheless, normal age-related function returned in only 11% of the anosmic and 23% of the hyposmic patients. The amount of dysfunction present at the time of presentation, not etiology, was the best predictor of prognosis. Other predictors were patient age and the time between dysfunction onset and initial testing.


An important but overlooked element of therapy comes from chemosensory testing itself. Confirmation or lack of conformation of loss is beneficial to patients, particularly ones who come to believe they may be “crazy” as a result of unsupportive medical providers or family members. Quantitative testing places the patient’s problem into overall perspective, and if considerable function is present, patients can be informed of a more positive prognosis. It is extremely therapeutic for an older person to become aware that, while his or her smell function is not what it used to be, it still falls above the average of his or her peer group, a situation that happens, by definition, 50% of the time. It is unfortunate that many such patients are simply told by their physician they are getting old and nothing can be done for them, often exacerbating or leading to depression and decreased self-esteem.
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Headache is an exceedingly common symptom that affects virtually everyone at some time in their life. It is estimated that nearly half of the world’s adult population has an active headache disorder (Robbins et al., 2010). Headache is one of the most common reasons for outpatient healthcare visits in the United States. Patients with head and/or face pain typically present for medical attention because the discomfort is severe, interferes with work and/or leisure activities, or raises the patient’s or family’s concern about a serious underlying cause.


Headache disorders are classified as primary or secondary (Box 18.1) (International Headache Society Classification Subcommittee, 2004). The primary headache disorders do not have an underlying structural cause, but all the primary headache disorders can be simulated by secondary conditions. The diagnosis of head and face pain depends on three elements: the history, neurological and general examinations, and appropriate investigations if needed. Treatment of headaches is discussed in Chapter 69.





Box 18.1


International Classification of Headache Disorders, 2nd Edition






The Primary Headaches







Migraine


Tension-type headache


Cluster headache and other trigeminal autonomic cephalalgias


Other primary headaches:



[image: image] Primary stabbing headache



[image: image] Primary cough headache



[image: image] Primary exertional headache



[image: image] Primary headache associated with sexual activity:



[image: image] Preorgasmic headache



[image: image] Orgasmic headache



[image: image] Hypnic headache



[image: image] Primary thunderclap headache



[image: image] Hemicrania continua



[image: image] New daily-persistent headache












The Secondary Headaches







Headache attributed to head and/or neck trauma


Headache attributed to cranial or cervical vascular disorder


Headache attributed to nonvascular intracranial disorder


Headache attributed to substance or its withdrawal


Headache attributed to infection


Headache attributed to disorder of homeostasis


Headache or facial pain attributed to disorder of cranium, neck, eyes, ears, nose, sinuses, teeth, mouth or other facial or cranial structures


Headache attributed to psychiatric disorder












Cranial Neuralgias, Central and Primary Facial Pain and Other Headaches







Cranial neuralgias and central causes of facial pain


Other headache, cranial neuralgia, central or primary facial pain








Data from International Headache Society, 2003-2005.









History


The gold standard for diagnosis and management of headache is a careful interview and neurological and general medical examinations (De Luca and Bartleson, 2010). In the vast majority of patients with headache, the neurological and general examinations will be normal, so the diagnosis is based entirely on the history, and clinicians are well advised to spend most of their time interviewing the patient.


History-taking for head and face pain is similar to that for other presenting complaints, but several specific aspects should be addressed. The questions listed in Box 18.2 are useful, and the discussion that follows illustrates some responses and their implications. Usually one begins by asking the patient to describe their symptoms or, alternatively, simply by asking how they can be helped. This approach allows patients to relax and say what they had planned to say. Usually the patient will speak for less than 2 minutes if not interrupted (Langewitz et al., 2002). Once the patient has had an opportunity to speak, directed but open-ended questions (see Box 18.2) can be asked.





Box 18.2 Useful Questions to Ask the Patient with Headache







[image: image] How many types of headache do you have?


[image: image] When and how did each type begin?


[image: image] If the headaches are episodic, what is the frequency and duration?


[image: image] How long does it take for your headaches to reach maximal intensity?


[image: image] How long do your headaches last?


[image: image] When do the headaches tend to occur, and what factors trigger your headaches?


[image: image] Where does your pain start, and how does it evolve?


[image: image] What is the quality and the severity of your pain?


[image: image] Is the pain steady or pulsating (throbbing), or both?


[image: image] Are there symptoms that herald the onset of your headache?


[image: image] What are they, when do they begin, and how long do they last?


[image: image] Are there symptoms that accompany your headaches?


[image: image] Do you get nauseated with your headaches?


[image: image] Does light and/or noise bother you a lot more when you have a headache than when you don’t?


[image: image] Do your headaches limit your ability to work, study, or do what you need to do for at least 1 day?


[image: image] Does anything aggravate your pain (e.g., exertion)?


[image: image] Are your headaches getting better or worse, or are they about the same?


[image: image] What treatments have been used to treat the headaches, both acutely and preventively?


[image: image] What helps your pain?


[image: image] Is there a family history of headaches?


[image: image] What prior testing have you had?


[image: image] Do you have other medical or neurological problems?


[image: image] What do you think might be causing your headaches?


[image: image] How disabling are your headaches?


[image: image] Why are you seeking help now?












Types of Headaches


Many individuals have more than one type of headache. It is valuable to establish this information at the beginning of the interview so each type of pain can be carefully delineated. A change in an established headache pattern can indicate a new condition.









Onset of Headaches


A stable headache disorder of many years’ duration is almost always of benign origin. Migraine headaches often begin in childhood, adolescence, or early adulthood. A headache of recent onset obviously has many possible causes, including the new onset of either a benign or serious condition. “Recent onset” has been defined differently by various authors; the typical range is from 1 to 12 months. In general, the more recent the onset, the more worrisome. The “worst ever” headache, an increasingly severe headache, or change for the worse in an existing headache pattern all raise the possibility of an intracranial lesion. Headaches of instantaneous onset suggest an intracranial hemorrhage, usually in the subarachnoid space, but also can be caused by intracerebral hemorrhage, cerebral venous thrombosis, arterial dissection, pituitary apoplexy, spontaneous intracranial hypotension, benign angiopathy of the central nervous system (CNS), acute hypertensive crisis, and idiopathic primary thunderclap headache (Ju and Schwedt, 2010). Onset of a new headache in patients older than 50 years raises suspicion of an intracranial lesion (e.g., subdural hematoma) or giant cell (temporal or cranial) arteritis (GCA). A history of antecedent head or neck injury should be sought; even a relatively minor injury can be associated with subsequent development of epidural, subdural, subarachnoid, or intraparenchymal hemorrhage and posttraumatic dissection of the carotid or vertebral arteries (Dziewas et al., 2003). However, posttraumatic headaches can occur following head injury in the absence of any significant pathology.









Frequency and Periodicity of Episodic Headaches


Migraine may be episodic or chronic. Chronic migraine, occurring 15 or more days per month, usually develops in individuals with a history of episodic migraine headaches. Episodic migraine may become chronic with or without medication overuse.


Episodic cluster headaches typically occur daily for several weeks or months and are followed by a lengthy headache-free interval. Chronic cluster headaches occur at least every other day for more than 1 year. If there is no regular periodicity, it is useful to inquire about the longest and shortest periods of freedom between headaches. Having the patient monitor headache frequency, duration, intensity, triggers, and medication use on a headache calendar or in a diary is helpful in diagnosis and measuring response to treatment.









Temporal Profile


A chronic daily headache without migrainous or autonomic features is likely to be a chronic tension-type headache. Untreated migraine pain usually peaks within 1 to 2 hours of onset and lasts 4 to 72 hours. Cluster headache is typically maximal immediately (if the patient awakens with the headache in progress) or peaks within minutes (if it begins while awake). Cluster headaches can last 15 to 180 minutes (usually 45 to 120 minutes). Headaches similar to cluster but lasting only 2 to 30 minutes and occurring several times a day are typical of episodic or chronic paroxysmal hemicrania, both of which are more common in women and are prevented by indomethacin (Goadsby et al., 2010). Primary stabbing headaches (“ice-pick pains”) are momentary, lasting only seconds. Stabbing pains are more common in patients with migraine and cluster headaches. Tension-type headaches commonly build up over hours and last hours to days to years. Headache that is daily and unremitting from onset, usually in patients without prior headaches, is classified as new daily-persistent headache and may have features suggestive of migraine or tension-type headache. A chronic, continuous, unilateral headache of moderate severity with superimposed attacks of more intense pain, associated with autonomic features, suggests the diagnosis of hemicrania continua, an indomethacin-responsive syndrome. Occipital neuralgia and trigeminal neuralgia manifest as brief shocklike pains, often triggered by stimulation in the territory served by the affected nerve. Occasionally a dull pain in the same nerve distribution persists longer, often after a series of brief, sharp pains. Short-lasting unilateral neuralgiform headache with conjunctival injection and tearing (SUNCT) is a rare syndrome consisting of paroxysms of first-division trigeminal nerve pain, lasting 5 to 240 seconds but occurring 3 to 200 times per day with the associated autonomic symptoms for which it is named (Goadsby et al., 2010)









Time of Day and Precipitating Factors


Cluster headaches often awaken patients from a sound sleep and may occur at the same time each day in an individual person. Hypnic headaches typically affect older patients and regularly awaken the patient at a particular time of night. Unlike cluster headaches, they are usually diffuse and not associated with autonomic phenomena (Donnet and Lanteri-Minet, 2009). Migraine headaches can occur at any time but often begin in the morning. A headache of recent onset that disturbs sleep or is worse on waking may be caused by increased intracranial pressure. Tension-type headaches typically are present during much of the day and often are more severe later in the day. Obstructive sleep apnea may be accompanied by the frequent occurrence of headache on awakening, as can medication-overuse headache (“rebound headache”).


Patients with chronic recurrent headaches often recognize factors that trigger an attack. Migraine headaches may be precipitated by bright light, menstruation, weather changes, caffeine withdrawal, fasting, alcohol (particularly beer and wine), sleeping more or less than usual, stress and release from stress, certain foods and food additives, perfume and smoke, and others. Alcohol can trigger a cluster headache within minutes of ingestion. If bending, lifting, coughing, or Valsalva maneuver brings on a headache, an intracranial lesion, especially one involving the posterior fossa, must be considered. Exertional headache and headache associated with sexual activity both are worrisome. Although either can occur as a primary headache disorder unassociated with structural disease or can be associated with migraine, both types can also be due to subarachnoid hemorrhage and arterial dissection, both of which must be excluded with the first occurrence of such headaches. Intermittent headaches that are worsened by sitting or standing and improved by lying down are characteristic of a cerebrospinal fluid (CSF) leak. If there is no history of lumbar puncture, head trauma, or neurosurgical intervention, a spontaneous CSF leak may be the cause (Schievink, 2008). Lancinating face pain triggered by facial or intraoral stimuli occurs with trigeminal neuralgia. Glossopharyngeal neuralgia typically is triggered by chewing, swallowing, or talking, although cutaneous trigger zones in and about the ear are occasionally present.









Location


Asking the patient to outline the location of his or her pain with their finger can be very helpful. Trigeminal neuralgia is confined to one or more branches of the trigeminal nerve. The patient may be able to localize one or more trigger points on the face or in the mouth and then show how the pain spreads. Pain in the throat may be due to a local process or to glossopharyngeal neuralgia. Carotid artery dissection commonly presents with unilateral neck, face, and head pain, is frequently associated with an ipsilateral Horner syndrome, and often follows head or neck trauma.


Migraine commonly is unilateral and can be confined to the front or back of the head. Alternatively, the pain can start on one side and spread to the other or be global from onset. Cluster headaches are unilateral during an attack and typically are centered in, behind, or around one eye. Some patients’ cluster headaches switch sides with different cluster periods, and a smaller number experience side shifts within a cluster period. The typical tension-type headache is generalized, although it may begin in the neck muscles and affect chiefly the occipital region or predominate frontally. When pain is localized to the eye, mouth, or ear, local processes involving these structures must be considered. Otalgia may be caused by a process involving the tonsil and posterior tongue. With chronic unilateral facial pain, an underlying lesion often cannot be identified. Occasionally, however, facial pain may be a symptom of nonmetastatic lung cancer (Eross et al., 2003).









Quality and Severity


The character and quality of the patient’s pain can carry significance. In most cases, the type of pain can be designated as sharp, aching, or burning. Headaches may be steady or throbbing (pulsating) in character. It may be helpful to ask the patient to grade the severity of pain on a scale of 1 to 10. Patients who report their pain level is 20 are hurting but may be prone to exaggerate. Migraine pain often has a pulsating quality that may be superimposed on a more continuous pain. The pain of cluster headache characteristically is severe, boring, and steady and often is described as a “hot poker.” SUNCT produces moderately severe pain in the orbital or temporal region and may be described as sharp and stabbing or (rarely) pulsatile. Tension-type headaches usually are described as a steady feeling of fullness, tightness, or pressure, or like a cap, band, or vise. Headaches caused by meningeal irritation, whether related to infectious meningitis or blood are typically severe. Trigeminal neuralgia is severe, brief, sharp, electric shock–like, or stabbing; pains can occur up to several times per minute, and a milder ache may persist between paroxysms of pain. Glossopharyngeal neuralgia pain is similar in character to that of trigeminal neuralgia.









Premonitory Symptoms, Aura, and Accompanying Symptoms


Some patients have premonitory symptoms that precede a migraine headache by hours. These can include psychological changes (e.g., depression, euphoria, irritability) or somatic symptoms (e.g., constipation, diarrhea, abnormal hunger, fluid retention, increased urination). The term aura refers to focal cerebral symptoms associated with a migraine attack. These symptoms typically last 20 to 30 minutes but can last 1 hour and usually precede the headache. At other times, the aura may continue into the headache phase or begin during the headache. Visual symptoms are most common and may consist of either positive (flickering lights, spots, or lines) or negative (scotomas or visual field loss) phenomena or both. The visual symptoms characteristically affect both eyes but can affect one eye alone. Other hemispheric symptoms, such as somatosensory disturbances (tingling and/or numbness) or dysphasic language disturbance, may occur with or without visual symptoms. Aura symptoms usually have a gradual onset and increase over minutes. If more than one symptom occurs (e.g., visual plus somatosensory), the onsets usually are staggered and not simultaneous. Patients can experience migraine aura without an associated headache. Positive symptoms, the slow spread of symptoms, and staggered onsets help differentiate migraine aura from focal symptoms caused by cerebrovascular disease.


Symptoms originating from the brainstem or both cerebral hemispheres simultaneously, such as vertigo, dysarthria, ataxia, auditory symptoms, diplopia, bilateral visual symptoms in both eyes, bilateral paresthesias, and decreased level of consciousness, may accompany basilar-type migraine. Migraine with aura that includes motor weakness can be due to familial hemiplegic migraine if there is a family history in at least one first- or second-degree relative, or due to sporadic hemiplegic migraine if there is no family history. It can be difficult for the patient to differentiate sensory loss from true weakness. Nausea, vomiting, photophobia, phonophobia, and osmophobia characteristically accompany migraine attacks. In addition, lacrimation, rhinorrhea, and nasal congestion can accompany migraine headache and mimic headache of sinus origin (Cady et al., 2005). Ipsilateral miosis, ptosis, lacrimation, conjunctival injection, and nasal stuffiness commonly accompany cluster headache; sweating and facial flushing on the side of the pain are much less common. Similar autonomic features also accompany episodic and chronic paroxysmal hemicrania and hemicrania continua. Even shorter attacks (5–240 seconds) with ipsilateral conjunctival injection and tearing suggest SUNCT (Goadsby et al., 2010). Horner syndrome is common in carotid artery dissection. In the setting of acute transient or persistent monocular visual loss, GCA and carotid dissection should be considered. Temporomandibular joint dysfunction includes jaw pain precipitated or aggravated by movement of the jaw or clenching of the teeth and is associated with reduction in the range of jaw movement, joint clicking, and tenderness over the joint. Headache accompanied by fever suggests an infection. Headache associated with persistent or progressive diffuse or focal CNS symptoms, including seizures, implies a structural cause. Purulent or bloody nasal discharge suggests an acute sinus cause for the headache. Likewise, a red eye raises the possibility of an ocular process such as infection or acute glaucoma. A history of polymyalgia rheumatica, jaw claudication, or tenderness of the scalp arteries in an older person strongly suggests GCA. Transient visual obscurations upon standing, usually pulsatile tinnitus, diplopia (especially for objects in the distance), and papilledema may be associated with increased intracranial pressure from any cause, including idiopathic intracranial hypertension (pseudotumor cerebri).









Aggravating Factors


The worsening of headache as a result of a cough or physical jolt suggests an intracranial element to the pain. Sufferers of cluster headache tend to endure their pain in an agitated state, pacing and moving about, whereas patients with migraine prefer to lie still. Precipitation or marked worsening of headache in the upright position suggests intracranial hypotension. Routine physical activity, light, sound, and smells typically aggravate migraine headaches.









Mitigating Factors


Rest, especially sleep, and avoidance of light and noise tend to benefit the migraineur. Massage, ice, or heat may reduce the pain associated with a tension-type headache. Local application of pressure over the affected eye or ipsilateral temporal artery, the local application of heat or cold, and (rarely) brief intense physical activity may alleviate the pain of cluster headache. Headache due to intracranial hypotension typically is helped by recumbency.









Family History of Headaches


Migraine often is an inherited disorder, and a family history of migraine (sometimes referred to as “sick headaches”) is present in about two-thirds of patients. Tension-type headaches also can be familial. Cluster headache characteristically is not inherited. Familial hemiplegic migraine is a rare autosomal dominant variant of migraine with aura, wherein the aura includes hemiparesis lasting minutes to 24 hours.









Prior Evaluation


The patient should be asked about prior consultations and testing. If appropriate, the records and actual imaging studies can be obtained for review.









Prior Treatment


Response to treatment should be sought, including agents used to treat individual headache attacks and those used prophylactically. The dose and duration of each treatment should be reviewed. This information provides an opportunity to determine whether acute medications have been overused and whether prophylactic medications were optimized. A history of the use of caffeine-containing substances also should be elicited because they may cause or aggravate headaches through rebound withdrawal.









Disability


Baseline and follow-up assessment of headache-related disability is helpful in judging the effects of treatment and guiding headache therapy. The Migraine Disability Assessment Scale (MIDAS) is one useful validated clinical tool (Andrasik et al., 2005).









Patient Concerns and Reasons for Seeking Help


Headache pain can produce significant fear and anxiety regarding serious disease. The patient should be allowed to express any concerns so that each can be appropriately addressed.


The question of why the patient is seeking help may be obvious if the problem is of recent onset. If the problem is chronic, however, it can be useful to inquire why the patient has come for aid at this time. Red and yellow flags (see Box 18.3) help identify which patients are more likely to have a secondary cause of their pain.





Box 18.3


Headache Warning Flags






Red Flags







[image: image] Head or neck injury


[image: image] New onset or new type or worsening pattern of existing headache


[image: image] New level of pain (e.g., worst ever)


[image: image] Abrupt or split-second onset


[image: image] Triggered by Valsalva maneuver or cough


[image: image] Triggered by exertion


[image: image] Triggered by sexual activity



[image: image] Preorgasmic



[image: image] Orgasmic


[image: image] Headache during pregnancy or puerperium


[image: image] Age > 50 years


[image: image] Neurological signs or symptoms



[image: image] Seizures



[image: image] Confusion



[image: image] Impaired alertness



[image: image] Weakness



[image: image] Papilledema


[image: image] Systemic illness



[image: image] Fever



[image: image] Nuchal rigidity



[image: image] Weight loss



[image: image] Scalp artery tenderness


[image: image] Secondary risk factors



[image: image] Cancer



[image: image] Immunocompromised host



[image: image] Human immunodeficiency virus (HIV)



[image: image] On immunosuppressants


[image: image] Recent travel



[image: image] Domestic



[image: image] Foreign












Yellow Flags







[image: image] Wakes patient from sleep at night


[image: image] New onset side-locked headaches


[image: image] Postural headaches








From De Luca, G.C., Bartleson, J.D., 2010. When and how to investigate the patient with headache. Semin. Neurol. 30, 133–134. Used with permission.












Other Medical or Neurological Problems


A history of past and current medical and neurological conditions, injuries, operations, and medication allergies should be obtained. A list of all current medications and dietary supplements should be recorded. A number of medications can cause headache, including hormonal, cardiovascular, and gastrointestinal agents (De Luca and Bartleson, 2010).












Examination


The examination begins the moment the physician encounters the patient. Careful observation helps determine whether the patient appears ill, anxious, or depressed, and whether the history is reliable. A patient who is unable to give a reasonably coherent history should be suspected of having an abnormal mental status. Although typically the physical examination of the headache patient shows no abnormalities, findings on examination may yield important clues about the underlying cause.


Vital signs, especially blood pressure and pulse, should be assessed. Extremely high blood pressure can cause headache. If there is a question of fever, temperature should be measured. The body habitus should be noted. Patients with pseudotumor cerebri, typically young women, are usually obese. The general examination can include auscultation of the heart and lungs, palpation of the abdomen, and examination of the skin. A neurological examination, including examination of the mental status, gait, cranial nerves, reflexes, and motor and sensory systems, is essential. The skull and cervical spine should be examined. The skull should be palpated for lumps and local tenderness. The area over an infected sinus may be tender. Thickened, tender, irregular temporal arteries with a reduced pulse suggest GCA. In both migraine and tension-type headaches, the scalp may be tender. A short neck or low hairline suggests basilar invagination or a Chiari malformation. In an infant, bulging of the fontanelles suggests increased intracranial pressure, most commonly caused by hydrocephalus. Measuring head circumference is important in a child. The cervical spine also should be tested for tenderness and mobility. Nuchal rigidity on passive neck flexion and Kernig sign indicate meningeal irritation.









Diagnostic Testing


In most cases, the history, together with the neurological and physical examinations, is all that is needed to make a diagnosis, especially in the patient with long-standing headaches. Migraine, tension-type headaches, and cluster headaches usually can be diagnosed with a high degree of certainty, and it is often possible to proceed directly to management.


In some situations, the diagnosis is uncertain, and additional diagnostic testing should be considered. The worrisome headache “warning flags” that increase the likelihood of a serious underlying intracranial process and often lead to additional testing are listed in Box 18.3. Red flags are more worrisome than yellow flags. Investigations for evaluation of the patient with headaches include almost all tests used in neurology and neurosurgery, as well as various medical studies. Selection of appropriate tests depends on the diagnostic formulation after the history and examination; indiscriminate use of batteries of tests is unwarranted.






Neuroimaging and Other Imaging Studies






Computed Tomography and Magnetic Resonance Imaging


Computed tomography (CT) and magnetic resonance imaging (MRI) are extremely useful tests in evaluating patients with headache. Tumors, hematomas, cerebral infarctions, abscesses, hydrocephalus, and many meningeal processes can be identified with CT and MRI. Abnormalities of the skull base, craniocervical junction, pituitary gland, meninges, and white matter are better seen with MRI. Advantages of CT over MRI include lower cost, a faster scan for those patients who either cannot remain still or are claustrophobic, compatibility with pacemakers and other implanted metal objects, and widespread availability. The iodinated contrast used in CT has been associated with allergic reactions and contrast-induced nephropathy. The contrast agent used in MRI is less likely to produce allergic reactions or renal damage, but it has been associated with nephrogenic systemic fibrosis, typically in patients with preexisting renal impairment. The imaging modality of choice to investigate various causes of headache is shown in Box 18.4.





Box 18.4


Imaging Modality of Choice to Investigate Causes of Headache






MRI Preferred







Vascular disease:



Cerebral infarction



Venous infarction


Neoplastic disease:



Primary and secondary brain tumors (especially in posterior fossa)



Skull base tumors



Meningeal carcinomatosis and lymphomatosis



Pituitary tumors


Infections:



Cerebritis and brain abscess



Meningitis



Encephalitis


Other:



Chiari malformation



Cerebrospinal fluid hypotension with pachymeningeal enhancement and brain sag



Foramen magnum and upper cervical spine lesions



Pituitary apoplexy



Rare encephalopathies and headache (CADASIL*, MELAS†, SMART‡)












CT Preferred







Fractures (calvarium)


Acute hemorrhage (subarachnoid, intracerebral)


Paranasal sinus and mastoid air cell disease












Draw between MRI and CT







MR angiography/CT angiography:



Vasculitis (large and medium sized vessels)



Intracranial aneurysms



Carotid and vertebral artery dissections


MR venography/CT venography:



Cerebral venous thrombosis





CT, Computed tomography; MRI, magnetic resonance imaging.





Copyrighted and used with permission of Mayo Foundation for Medical Education and Research.




* CADASIL – cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy.


† MELAS – mitochondrial encephalomyopathy, lactic acidosis, and strokelike episodes.


‡ SMART – strokelike migraine attacks after radiation therapy.








CT can detect acute subarachnoid hemorrhage in at least 95% of patients if sufficient bleeding has occurred and the patient is scanned promptly. If findings on the CT scan are normal and the history is suggestive of recent subarachnoid hemorrhage, a lumbar puncture should be performed to assess for red blood cells and xanthochromia. CT can be helpful for evaluating abnormalities of the skull, orbit, sinuses, facial bones, and the bony cervical spine. Changes associated with intracranial hypotension are best shown with MRI and include enhancement of the pachymeninges, sagging of the brain, engorged veins, and subdural fluid collections (Schievink, 2008). The cervical spinal cord and exiting nerve roots are much better shown with MRI than with plain CT. Myelography with CT can be used to image the spine as an alternative to MRI. Magnetic resonance angiography is a noninvasive method that can demonstrate intracranial and extracranial vascular occlusive disease including large-vessel dissection, intracranial arteriovenous malformations, and aneurysms. CT angiography also can show arterial disease. Intracranial venous sinus thrombosis is best shown with magnetic resonance venography. For headache that is acute in onset or follows trauma, CT is the optimal imaging study to look for subarachnoid and other intracranial bleeding. For evaluation of patients with subacute and chronic headache, MRI is recommended (Sandrini et al., 2004). MRI is likely to reveal more than CT, but many of the abnormalities will be incidental, including asymptomatic cerebral infarctions, small aneurysms, and benign brain tumors (Vernooij et al., 2007).









Plain Radiographs of the Skull, Sinuses, and Cervical Spine


Plain x-rays of the skull are unnecessary in the routine evaluation of patients with headache, but they can infrequently be useful in patients with an unusual bony abnormality found on physical examination or in the pediatric population where radiographs may answer the clinical questions without exposing the child to higher doses of radiation used with CT. Although plain radiographs of the sinuses can show infection, hemorrhage, fracture, or tumor, CT provides much greater definition and has become the test of choice for these conditions. The role of the cervical spine in causing headaches remains uncertain, but occipitonuchal pain may result from degenerative disk and joint disease of the mid- and upper cervical spine. Rheumatoid arthritis and ankylosing spondylitis can lead to craniocervical junction instability and pain. Tomographic images or CT may be needed to show bony changes in the upper cervical spine and craniocervical junction. Flexion and extension, odontoid, and pillar views of the cervical spine can help exclude ligamentous damage and fractures in patients with a history of head and neck injury. Congenital abnormalities of the cervical spine, such as the Klippel-Feil syndrome, may be associated with other disorders such as a Chiari malformation.









Temporomandibular Joint /Dental Imaging Studies


Panoramic x-ray examination, MRI, or CT of the temporomandibular joints may be helpful in selected patients. The presence of temporomandibular joint disease should not be taken as proof that the patient’s headaches are related. Dental radiographs are useful if a dental origin for the pain is suspected.









Cerebral Angiography


Cerebral angiography is rarely needed in the initial investigation of headache. It can be helpful in confirming vascular disease including arterial dissections, arteriovenous malformations, intracranial aneurysms, and CNS vasculitis.









Myelography with Computed Tomography and Radioisotope Studies for Detection of Cerebrospinal Fluid Leaks


In addition to MRI of the brain and spine, myelography with CT and isotope cisternography (typically with indium-111) can be helpful in determining the presence and location of a spontaneous, posttraumatic, or postoperative CSF leak.












Cerebrospinal Fluid Tests


CSF examination can diagnose or exclude meningitis, encephalitis, subarachnoid hemorrhage, and leptomeningeal cancer and lymphoma. It can also document increased or decreased intracranial pressure and confirm the diagnosis of “headache and neurological deficits with CSF lymphocytosis” (HaNDL) (Gomez-Aranda et al., 1997). Measurement of the opening CSF pressure should always be performed.









Electrophysiological Testing


Electroencephalography is not useful in the investigation of headache unless the patient also has a history of seizures, syncope, or episodes of altered awareness (Sandrini et al., 2004). There is no indication for use of evoked potentials in evaluating the patient with headache (Sandrini et al., 2004).









General Medical Tests


A few blood tests are important in the investigation of headache. Elevation of the erythrocyte sedimentation rate (ESR), often to 100 mm per hour or higher, is frequently seen in GCA. A normal ESR does not exclude the condition, because 4% of patients with positive findings on temporal artery biopsy have a normal ESR (Smetana et al., 2002). C-reactive protein and platelet count are also often elevated in patients with GCA. Rarely, episodic headaches associated with unusual behavior or impairment of consciousness can suggest an insulinoma, which is supported by elevated serum insulin and C-peptide levels in the face of a low or relatively low fasting glucose level. Levels of carboxyhemoglobin can be measured in patients complaining of early morning headaches during the home heating season, especially when several members of the same household are affected. Drug and alcohol screening may be helpful in certain patients. Thyroid function should be checked in patients with chronic headache, because hypothyroidism can present with headaches. Plasma and urine levels of catecholamines and metanephrines should be measured if a pheochromocytoma is suspected.


Rarely, cigarette smokers can present with face pain that includes the ear and is due to an underlying ipsilateral lung tumor without CNS involvement. Chest radiograph or CT of the chest can confirm the diagnosis (Eross et al., 2003).









Special Examinations and Consultations


In patients who wake from sleep with headache without other reason for awakening, polysomnography can be performed to look for a treatable sleep disorder such as sleep apnea.


Formal visual field testing can be useful. Tonometry can document elevated intraocular pressure in glaucoma, but unless the eye is red or the cornea is cloudy, glaucoma is an uncommon cause of head or even eye pain. These tests are routinely done by ophthalmologists, who also have the equipment and expertise to perform slit-lamp and other specialized examinations. If pain of dental or temporomandibular joint origin is suspected, an oral surgeon or dentist skilled in the detection and treatment of these disorders should be consulted. Diagnosis of tumors of the sinuses, nasopharynx, and neck, as well as inflammation of the sinuses, is aided by consultation with an otorhinolaryngologist. Temporal artery biopsy is performed to confirm or exclude GCA. In some selected cases (e.g., headaches as a manifestation of a chronic pain disorder or a history of drug abuse), psychiatric consultation may be helpful in diagnosis and management.












Further Observation


Sometimes a definitive diagnosis cannot be reached despite a careful history, thorough examination, and appropriate investigations. In such cases, further observation, with or without a trial of therapy, often reveals the diagnosis.
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Other chapters in this book that deal with symptoms emphasize history as the starting point for generating possibilities for the differential diagnosis. This list of diagnostic considerations is then refined during the examination. This chapter calls for a different approach. When the neurologist evaluates a patient with a brainstem disorder, often the most effective method of diagnosis is to organize the differential diagnosis around the objective physical findings, particularly in patients with an altered mental status such as coma. The symptoms are still integrated in the approach, but the physical findings take center stage.


Organization around physical findings is efficient because very specific neurological localization, which limits the diagnostic alternatives, often is possible. The long tracts of the nervous system traverse the entire brainstem in the longitudinal (rostrocaudal) plane. Cranial nerve nuclei and their respective cranial nerves originate and exit at distinct levels of the brainstem. This arrangement allows for exquisite localization of function based on the findings of the neurological examination.


The chapter begins with a discussion of the brainstem ocular motor syndromes, followed by descriptions of miscellaneous brainstem, brainstem stroke, diencephalic, and thalamic syndromes.






Ocular Motor Syndromes






Combined Vertical Gaze Ophthalmoplegia


Combined vertical gaze ophthalmoplegia is defined as paresis of both upward and downward gaze. Vertical gaze ophthalmoplegia is an example of a brainstem syndrome in which the objective physical findings dictate the diagnostic approach to the problem. Symptoms of vertical gaze ophthalmoplegia, when present, are relatively nonspecific and usually occur in patients who have difficulty looking down, as required in reading, eating from a table, and walking down a flight of stairs. In addition, the patient’s report of symptoms may be unobtainable because of mental status changes caused by dysfunction of the reticular formation that lies adjacent to the vertical gaze generator in the rostral midbrain (see Chapter 35).


The neurological examination discloses associated signs of the disorders listed in the differential diagnosis (see Box 19.1) (Graff-Redford et al., 1985). Coma may be associated with reticular system involvement. Long-tract signs and loss of pupillary reflexes are commonly associated. The syndrome of combined vertical gaze ophthalmoplegia is diagnosed when the ocular findings occur in isolation from long-tract signs.





Box 19.1 Differential Diagnosis for Combined Vertical Gaze Ophthalmoplegia







Stroke:



Ischemic



Hemorrhagic


PSP


Corticobasal ganglionic degeneration


AVM


MS


Thalamic and mesencephalic tumors


Whipple disease


Syphilis


Vasculitis (e.g., systemic lupus erythematosus)


Metabolic disorders:



Lipid storage diseases



Wilson disease



Kernicterus


Wernicke encephalopathy





AVM, Arteriovenous malformation; MS, multiple sclerosis; PSP, progressive supranuclear palsy.





With combined vertical gaze ophthalmoplegia, vertical saccades and pursuit are lost. This gaze limitation may be overcome by the oculocephalic (doll’s head or doll’s eye) maneuver, which tests the vestibulo-ocular reflex (VOR) (see Chapter 35). It is demonstrated by having the patient focus on an object and rotating the patient’s head; a conjugate eye movement in the opposite direction is the expected response with this maneuver. The Bell phenomenon (reflex movement of the eyes up and out in response to forced eye closure) often is absent. Skew deviation (vertical malalignment of the eyes) may occur. Absence of convergence and loss of pupillary reactions to light are common.


The location of the lesion of combined vertical gaze ophthalmoplegia is the rostral interstitial nucleus of the medial longitudinal fasciculus (riMLF) for loss of vertical pursuit and saccades (Leigh and Zee, 2006). Box 19.1 lists the disorders involving the rostral mesodiencephalic region (for the differential diagnosis) that cause combined vertical gaze ophthalmoplegia (see Chapter 35). The most common causes of isolated combined vertical gaze ophthalmoplegia are stroke and progressive supranuclear palsy (PSP). In cortical-basal ganglionic degeneration, ocular motility findings are similar to those in PSP but are less severe. Whereas the supranuclear vertical gaze ophthalmoplegia may be prominent early in the course of PSP, obvious vertical and horizontal gaze restriction usually is a late finding in cortical-basal ganglionic degeneration (Rottach et al., 1996).


The diagnostic formulation varies with the age of the patient. Isolated combined vertical gaze ophthalmoplegia usually is due to infarction of the rostral dorsal midbrain. When onset is gradual instead of abrupt or if the patient is young, other disorders should be considered (see Box 19.1). In the elderly, PSP (see Chapter 66) is likely if the onset is gradual. PSP can be mimicked by the treatable Whipple disease (Averbuch-Heller et al., 1999). For Whipple disease, the movement disorder, oculomasticatory myorhythmia, is pathognomonic. Laboratory investigations used to evaluate combined vertical gaze ophthalmoplegia include computed tomography (CT) scan or, preferably, magnetic resonance imaging (MRI). Care should be taken not to overlook lesions inferior to the floor of the third ventricle. Lumbar puncture (LP), syphilis serology, erythrocyte sedimentation rate, and an antinuclear antibody test complete the evaluation when the cause is not obvious. Small-bowel biopsy should be considered if Whipple disease is a possible diagnosis. A polymerase chain reaction (PCR) assay of small-bowel biopsy specimen, cerebrospinal fluid (CSF), or other tissues for the 16S ribosomal ribonucleic acid (RNA) gene of Tropheryma whippelii appears to have both sensitivity and specificity for the diagnosis of Whipple disease (Lee, 2002).









Upgaze Paresis (Dorsal Midbrain or Parinaud Syndrome)


Another brainstem syndrome that often occurs without symptoms is the dorsal midbrain syndrome. When symptoms do occur, the patient has difficulty looking up and may have blurry distant vision caused by accommodative spasm.


The tetrad of findings in the dorsal midbrain syndrome are (1) loss of upgaze, which usually is supranuclear (loss of pursuit and saccades with preservation of the VOR); (2) normal to large pupils with light-near dissociation (loss of the light reaction with preservation of pupilloconstriction in response to a near target) or pupillary areflexia; (3) convergence-retraction nystagmus, in which the eyes make convergent and retracting oscillations after an upward saccade; and (4) lid retraction.


The location of the lesion causing the upgaze paresis of the dorsal midbrain syndrome is the posterior commissure and its interstitial nucleus (Leigh and Zee, 2006). The presence of the full syndrome implies a lesion of the dorsal midbrain (including the posterior commissure), a bilateral lesion of the pretectal region, or a large unilateral tegmental lesion.


The differential diagnosis is presented in Box 19.2. Other than the mild upgaze limitation that occurs with age, the most common cause of loss of upgaze is a tumor of the pineal region. The next most common causes are stroke and trauma. The upgaze palsy portion of the syndrome can be mimicked by any of several conditions: double elevator palsy, PSP, orbital causes such as thyroid ophthalmopathy and the bilateral Brown superior oblique tendon sheath syndrome, pseudo–dorsal midbrain syndrome secondary to myasthenia gravis (MG) or Guillain-Barré syndrome, and congenital upgaze limitation. Forced ductions (see Chapter 16) may be performed by grasping anesthetized sclera with forceps and moving the globe through its range of motion. The presence of restriction of movement with forced ductions implies a lesion within the orbit, as distinct from a midbrain lesion.





Box 19.2 Differential Diagnosis for Dorsal Midbrain Syndrome







Pineal tumors


Stroke:



Ischemic cerebrovascular disease



Thalamic hemorrhage


Trauma


Hydrocephalus


MS


Transtentorial herniation


Congenital aqueductal stenosis


Metastatic tumors


Infections:



Encephalitis



Cysticercosis


Midbrain AVM


Stereotactic midbrain surgery


Metabolic disorders:



Lipid storage disease



Wilson disease



Kernicterus


Wernicke encephalopathy





AVM, Arteriovenous malformation; MS, multiple sclerosis.





The diagnostic formulation for the dorsal midbrain syndrome varies with age. In children and adolescents, pineal region tumors usually are the cause. In young and middle-aged adults, the disorder is uncommon, and the cause may be trauma, multiple sclerosis (MS), or arteriovenous malformation (AVM). In the elderly, stroke and PSP are the most common causes.


The laboratory investigation needed to evaluate dorsal midbrain syndrome is MRI. If no tumor is present and an infectious or inflammatory cause is suspected, an LP should be performed.









Downgaze Paresis


Isolated downgaze paresis is uncommon. Symptoms, when they occur, are related to difficulty in reading, eating, and walking down stairs.


Neurological examination reveals loss of downward pursuit and saccades, although occasionally pursuit may be spared. The vertical oculocephalic maneuver may be normal or may disclose gaze limitation. Convergence may be lost, and gaze-evoked upbeat nystagmus may be present on upward gaze. In young patients, forced ductions should be evaluated for evidence of congenital downgaze limitation.


The site of the lesion for isolated downgaze paresis is bilateral involvement of the lateral portions of the riMLF. The main considerations in the differential diagnosis are ischemic stroke, PSP, and Whipple disease. Laboratory investigations to support the clinical diagnosis include CT or preferably MRI. Lesions may be detected in the rostral mesodiencephalic junction inferior to the floor of the third ventricle.


The diagnostic formulation for isolated downgaze limitation is uncomplicated. When acute in onset, this disorder usually is due to ischemic cerebrovascular disease. In an elderly patient with a progressive course, PSP should be considered.









Internuclear Ophthalmoplegia


Internuclear ophthalmoplegia (INO) is characterized by paresis of adduction of one eye, with horizontal nystagmus in the contralateral eye when it is abducted. It is due to a lesion of the MLF ipsilateral to the side of the adduction weakness.


Surprisingly, most patients with INO have no symptoms. The symptoms that may be associated with INO are diplopia, oscillopsia of one of the two images, and blurred vision. When diplopia is present, it is due to medial rectus paresis (horizontal diplopia) or skew deviation (vertical diplopia).


The MLF carries information for vertical pursuit and the vertical VOR. Consequently, other associated findings with MLF lesions are abnormal vertical smooth pursuit and impaired reflex vertical eye movements (doll’s eye maneuver, Bell phenomenon). Voluntary vertical eye movements (pursuit and saccades) are unaffected. Gaze-evoked vertical nystagmus (usually on upgaze) and skew deviation may be present with the higher eye usually present on the side of the lesion. Skew deviation is a pure vertical ocular deviation that is not due to a cranial nerve palsy, orbital lesion, or strabismus but is caused by disturbed supranuclear input to the third and fourth cranial nerve nuclei. It is thought to be due to unilateral damage to the otolith-ocular pathways or the pathways mediating the VOR (Zwergal et al., 2008).


Internuclear ophthalmoplegia, discussed further in Chapter 35, may occur as a false localizing sign. Brainstem compression due to subdural hematoma with transtentorial herniation and cerebellar masses may cause INO. Myasthenia gravis and Guillain-Barré syndrome also may simulate INO.


The diagnostic considerations are many and varied. Examination can differentiate a lesion of the MLF from a partial third cranial nerve palsy, MG, strabismus, or thyroid ophthalmopathy. The common causes of INO are stroke (including vertebral artery dissection) in older age groups and MS in the young. Keane’s series (Keane, 2005) from a large inner-city hospital reveals that approximately one third of INO cases are due to stroke, one third to MS, and one third to other causes. The less common causes include trauma, herniation, infections, tumor, vasculitis, and surgical procedures.


Laboratory investigations that are performed to elucidate the cause include MRI. Thin cuts are often needed to find the lesion when INO is isolated. An edrophonium (Tensilon) test should be performed to evaluate for MG unless there are associated signs of obligatory brainstem dysfunction.


The diagnostic formulation for INO first necessitates accurate localization of the lesion. Limitation of adduction initially is formulated simply as an adduction deficit. It may be due to (1) a lesion of the midbrain or third cranial nerve disrupting innervation, (2) a disorder of the neuromuscular junction (MG), or (3) a lesion directly involving the medial rectus muscle.









Horizontal Gaze Paresis


Although there are no common symptoms of horizontal gaze paresis, this condition seldom occurs in isolation. Patients may complain of inability to see or to look to the side. Because supranuclear gaze pareses are conjugate by definition, diplopia does not occur.


On examination, with unilateral isolated involvement of the paramedian pontine reticular formation (PPRF), loss of ipsilateral saccades and pursuit is evident. However, full horizontal eye movements are demonstrated with the oculocephalic maneuver.


Lesions of the sixth cranial nerve nucleus cause horizontal gaze paresis with inability of the oculocephalic maneuver to overcome the gaze limitation. Although an associated ipsilateral peripheral facial palsy is usually associated from involvement of the fascicle of the seventh cranial nerve coursing over the sixth cranial nerve nucleus, cases of isolated horizontal gaze paresis caused by sixth nerve nuclear lesions have been reported (Miller et al., 2002). With bilateral lesions, loss or limitation of horizontal saccades and (usually) pursuit in both directions is characteristic. Gaze-paretic nystagmus may be present. In the acute phase, transient vertical gaze paresis and vertical nystagmus or upgaze paresis can occur. In the chronic phase, vertical eye movements are full, although nystagmus may be noted on upgaze.


The location of the lesion for horizontal gaze paresis is the frontopontine tract, mesencephalic reticular formation, PPRF, and sixth cranial nerve nucleus. The explanation of gaze palsy occurring with a nuclear lesion is given later in the chapter (see Syndromes Involving Ocular Motor Nuclei).


The diagnostic possibilities are varied. As with other ocular motility disorders, MG may cause gaze limitation that simulates a central nervous system (CNS) lesion. The diagnostic formulation varies with age, rapidity of onset, and associated clinical findings. For patients with an acute onset who are older than 50 years of age, cerebrovascular disease, ischemic or hemorrhagic, is a likely cause. With a subacute onset before the age of 50 years, a diagnosis of MS should be considered. Congenital cases usually are due to Möbius syndrome. Systemic lupus erythematosus (SLE), syphilis, and Wernicke encephalopathy should be considered for any acquired cases.


Laboratory investigations for horizontal gaze paresis should include MRI. If there are no obligatory signs of CNS dysfunction, MG has to be considered.









Global Paralysis of Gaze


The characteristic symptom of global paralysis of gaze is an inability to look voluntarily (saccades and pursuit) in any direction. Global paralysis of gaze rarely occurs in isolation, however, and signs and symptoms of involvement of other local structures usually are present.


The location of the lesion is the frontopontine tract for saccades, and the parieto-occipitopontine tract for pursuit, where they converge at the subthalamic and upper midbrain level (Thurtell and Halmagyi, 2008). The differential diagnosis for total ophthalmoplegia is given in Box 19.3. The common causes for this presentation are diseases outside the CNS, such as Guillain-Barré syndrome, MG, and chronic progressive external ophthalmoplegia (CPEO); for intraaxial lesions, considerations include stroke, Wernicke encephalopathy, and PSP.





Box 19.3 Differential Diagnosis for Total Ophthalmoplegia







Oculomotor apraxia


Guillain-Barré syndrome


MG


Thyroid ophthalmopathy (especially in combination with MG)


Chronic progressive external ophthalmoplegia syndromes


Wilson disease


Pituitary apoplexy


Botulism


Tetanus


PSP


Anticonvulsant intoxication


Wernicke encephalopathy


Acute bilateral pontine or mesodiencephalic lesions





MG, Myasthenia gravis; PSP, progressive supranuclear palsy.





The diagnostic formulation usually is concerned with extraaxial (cranial nerve, neuromuscular junction, or muscle) pathology, because isolated complete ophthalmoplegia is rarely caused by a brainstem lesion. Myasthenia gravis (sometimes in combination with thyroid ophthalmopathy), bilateral cavernous sinus metastases (Ebert et al., 2009), and Guillain-Barré syndrome are more likely possibilities if the onset is subacute. If the presentation is long-standing, slowly progressive, and accompanied by eyelid ptosis, the CPEO syndromes, such as Kearns-Sayre syndrome, should be considered. In these extraaxial disorders, oculocephalic reflexes do not overcome the gaze limitations. PSP is a diagnostic possibility in the elderly, whereas Wernicke encephalopathy should be considered in alcoholics and nutritionally deprived patients. Whipple disease also can cause this rare clinical presentation.


Laboratory investigations for patients with global paralysis of gaze should include MRI. An edrophonium test is performed when MG is suspected. When botulism is suspected, electromyography with repetitive stimulation and serum assay for botulinum toxin should be performed.









One-and-a-Half Syndrome


The one-and-a-half syndrome is characterized by a gaze palsy on looking toward the side of the lesion, together with INO on looking away from the lesion. The common symptoms are diplopia, oscillopsia (the illusion that objects or scenes are oscillating), and blurred vision. Associated findings are skew deviation and gaze-evoked nystagmus on upgaze or lateral gaze, and less commonly on downgaze. Acutely, in the primary position there may be exotropia (one eye deviated outward). Other features may include limitation of upgaze, saccadic vertical pursuit, and loss of convergence.


The location of the lesion is the PPRF or sixth cranial nerve nucleus, with extension to involve the internuclear fibers crossing from the contralateral sixth cranial nerve nucleus, which causes the INO. Entities to consider in the differential diagnosis include MS, stroke, AVM, and tumor of the lower pons. A pseudo–one-and-a-half syndrome may occur with MG or Guillain-Barré syndrome. The diagnostic formulation for the one-and-a-half syndrome is similar to that for INO. Before the age of 50 years, the cause usually is MS; after age 50, it usually is cerebrovascular disease.


Appropriate laboratory investigations for the one-and-a-half syndrome are MRI and, if indicated, LP.












Syndromes Involving Ocular Motor Nuclei


Patients with lesions of the third or sixth cranial nerve nucleus not only present with accompanying long-tract signs but also show different ocular motility disturbances than with lesions of the third or sixth cranial nerve.






Third Cranial Nerve Nucleus


The common manifestations of nuclear third cranial nerve palsies are diplopia and ptosis. The signs present on the side of the lesion are weakness of the inferior and medial recti and the inferior oblique muscles. Upgaze limitation is present in both eyes because the superior rectus subnucleus is contralateral, and the axons cross within the nuclear complex. In addition, ptosis and dilated unreactive pupils may be present on both sides because the levator subnucleus and Edinger-Westphal nuclei are bilaterally represented.


To localize a lesion to the third cranial nerve nucleus, both eyes must have some involvement because of the bilateral representation. The superior rectus and levator of the eyelid, however, are bilaterally represented and thus cannot demonstrate single muscle involvement. In addition, because the medial rectus subnucleus is in the most ventral portion of the nucleus and all of the dorsal subnuclei send axons through it, single muscle involvement of the medial rectus may not be possible. The eyelid levator subnucleus may be spared because it is located at the dorsocaudal periphery of the nuclear complex.


Main considerations in the differential diagnosis are stroke (either ischemic or hemorrhagic), metastatic tumor, and MS. Of these diagnoses, only ischemic stroke is common. Disorders that simulate nuclear third cranial nerve palsy are MG, CPEO, thyroid ophthalmopathy, and Guillain-Barré syndrome.


The pertinent laboratory investigation for this syndrome is MRI, which usually demonstrates the ischemic cerebrovascular lesion. Once the proper localization has been made, the diagnostic formulation is straightforward.









Sixth Cranial Nerve Nucleus


The sixth cranial nerve nucleus has two populations of neurons. The abducens motor neurons terminate on the ipsilateral lateral rectus muscle. Internuclear neurons cross at the level of the sixth cranial nerve nucleus, join the MLF, and terminate on the medial rectus subnucleus of the third cranial nerve. Accordingly, a lesion of the sixth cranial nerve nucleus causes ipsilateral gaze palsy.


Patients with isolated horizontal gaze paresis usually are asymptomatic. If they do have symptoms, they complain of difficulty looking to one side. On examination, conjugate horizontal gaze paresis is present that is not overcome by an oculocephalic maneuver or caloric stimulation. This occurs because the fibers mediating this response, the VOR, synapse in the sixth cranial nerve nucleus. A peripheral seventh cranial nerve palsy invariably accompanies a lesion of the sixth cranial nerve nucleus. Considerations in the differential diagnosis include stroke (Miller et al., 2002), Wernicke encephalopathy, MS, and a tumor of the pontomedullary junction.


Laboratory investigations for evaluating a lesion of the sixth cranial nerve nucleus are MRI, possibly LP, and an edrophonium or prostigmine test for MG if there are none of the long-tract signs obligatory for intraaxial disease.












Other Brainstem and Associated Syndromes






Diencephalic Syndrome (Russell Syndrome)


The common symptoms of diencephalic syndrome are emaciation with increased appetite, euphoria, vomiting, and excessive sweating (Fleischman et al., 2005). Patients also may have an alert appearance with motor hyperactivity. Most cases occur in children younger than 3 years.


The differential diagnosis at this stage should encompass hyperthyroidism, diabetes mellitus, a tumor in the region of fourth ventricle, vein of Galen malformation, and a hypothalamic tumor. Most patients appear pale despite lack of anemia. Ophthalmological findings include optic atrophy and, less commonly, nystagmus.


Laboratory investigations for diencephalic syndrome may show an elevated serum growth hormone level that is incompletely suppressed by hyperglycemia. MRI usually demonstrates a hypothalamic mass lesion. Malignant cells may be present in the CSF, which are diagnostic. The CSF also may contain human chorionic gonadotropin in cases of germinomas. A lumbar puncture should not be performed if neuroimaging studies demonstrate a mass effect.









Thalamic Syndrome


Thalamic syndrome was first described by Dejerine and Roussy in 1906. The common symptoms of this syndrome are pain (thalamic pain), numbness, and hemisensory loss. The pain may be spontaneous or evoked by any form of stimulation. It often has a disagreeable and lasting quality. Patients also may complain of a distorted sense of taste. Right thalamic lesions appear to predominate.


On examination, a marked hemianesthesia is present which may be dissociated; that is, pain and temperature or light touch and vibration sense may be separately lost. Proprioceptive loss, often with astereognosis, is a usual feature. A transitory hemiparesis sometimes occurs.


The usual location of the lesion for this type of pain is the ventroposterolateral nucleus of the thalamus. In addition to the thalamus, thalamic-type pain can occur with lesions of the parietal lobe, medial lemniscus, and dorsolateral medulla (MacGowan et al., 1997). The differential diagnosis is between stroke and tumor. The diagnostic formulation depends on the rate of onset of symptoms, associated signs, and findings on neuroimaging studies. The apoplectic onset of symptoms implicates cerebrovascular disease. Gradual onset with progressive worsening of symptoms and signs is characteristic of brain tumor. Neuroimaging studies should confirm the clinical impression. The imaging modality of choice is MRI.









Tectal Deafness


The symptoms associated with tectal deafness are bilateral deafness associated with other related CNS symptoms such as poor coordination, weakness, or vertigo. The main considerations in the differential diagnosis for the deafness are conduction-type hearing loss, cochlear disorders, bilateral eighth cranial nerve lesions, tectal deafness, and pure word deafness.


On examination, deafness that usually spares pure tones is confirmed. Pure word deafness with lesions of the inferior colliculi has been reported (Vitte et al., 2002). Other brainstem signs, including the dorsal midbrain syndrome, often are associated. The location of the lesion is the inferior colliculi; the most common causes are trauma, stroke, or a tumor of the brainstem, cerebellum, or pineal region. The diagnostic formulation for hearing loss caused by lesions rostral to the cochlear nuclei is the presence of hearing loss characterized by sparing of pure tone, with marked deterioration when background noise distortion or competing messages are added. In addition, signs of damage to adjacent nervous system structures are present. Neuroimaging studies may confirm the diagnosis.


The pertinent laboratory investigations include MRI and an audiogram. Tests that reveal CNS auditory loss are distorted speech audiometry, dichotic auditory testing, and auditory brainstem evoked responses, although findings on the last test may be normal (Vitte et al., 2002).









Foramen Magnum Syndrome


Foramen magnum syndrome is characterized by upper motor neuron–type weakness and sensory loss in any modality below the head. Detecting this syndrome is important because it often is caused by benign tumors such as meningiomas or fibromas, which may be removed completely when detected early in their course. Its only manifestations may be those of a high spinal cord syndrome (see Chapter 24).


The common initial symptoms typically are neck stiffness and pain, which may radiate into the shoulder. Occipital headache also may be an early symptom. Other common symptoms are weakness of the upper or lower extremities, numbness (most commonly of hands or arms), clumsiness, and a gait disturbance.


Considerations in the differential diagnosis at this stage include cervical spondylosis, syringomyelia, MS, transverse myelitis, atlantoaxial subluxation, Chiari malformation, and foramen magnum or upper cervical cord tumor.


On examination, hemiparesis or quadriparesis and sensory loss are common. The loss of sensation may involve all modalities. It may be dissociated and capelike or may occur in a C2 distribution. Some patients have a hemisensory pattern below the cranium or involvement of only the lower extremities.


Pseudoathetosis resulting from loss of joint position sense may be an early sign. Atrophy of muscles of the upper extremities may occur at levels well below the lesion (e.g., intrinsic muscles of the hands). Electric shock–like sensations radiating down the spine, which may be transmitted into the extremities, may occur with neck flexion (Lhermitte sign). This phenomenon may occur with lesions of the posterior columns, most commonly MS. Lower cranial nerve palsies are less common. The presence of downbeat nystagmus in primary position or lateral gaze strongly suggests a lesion of the craniocervical junction. This sign may be missed unless the eyelids are manually elevated and the nystagmus is sought when the patient gazes laterally and slightly downward.


The differential diagnosis at this stage is focused on a foramen magnum or upper cervical cord tumor. The tumor type usually is meningioma, neurofibroma, glioma, or metastasis. Cervical spondylosis, MS, syringobulbia, and the Chiari malformation (often accompanied by a syrinx) are other diagnostic considerations. The definitive laboratory investigation for evaluation of the foramen magnum syndrome is MRI.


Patients with foramen magnum tumors may have a relapsing-remitting clinical course with features that simulate those of MS. Because many of these tumors are meningiomas, the clinician should be alert for patients at risk. Meningiomas occur with increased frequency in women in their childbearing years and increase in size during pregnancy. Cervical spondylosis usually is associated with a related radiculopathy and is not accompanied by downbeat nystagmus or lower cranial nerve abnormalities. Diagnosis requires a high index of suspicion early in the patient’s course. Foramen magnum tumors are known to present difficult diagnostic problems because signs may be minimal despite a large tumor.









Syringobulbia


Syringobulbia is a disorder of the lower brainstem caused by progressive enlargement of a fluid-filled cavity that involves the medulla and almost invariably the spinal cord (syringomyelia). The symptoms and signs are primarily those of a disorder of the central spinal cord region (see Syringomyelia in Chapter 73).


The common symptoms of syringobulbia and syringomyelia are lack of pain with accidental burns, hand numbness, neck and arm pain, leg stiffness, and headache, together with oscillopsia, diplopia, or vertigo. On examination, signs of lower brainstem dysfunction are evident. Lower motor neuron signs of the ninth through twelfth cranial nerves may be present. Nystagmus, if present, is horizontal, vertical, or rotatory. Signs of a spinal cord lesion characteristically coexist. In the upper extremities, dissociated anesthesia of an upper limb or forequarter (i.e., loss of pain and temperature sensation with sparing of other modalities) may be noted. The sensory loss also may be in a hemisensory distribution. Absence of or decreased deep tendon reflexes in the upper extremities are the rule.


Spastic paraparesis, usually asymmetrical, may occur. Loss of facial sensation can occur in an onionskin pattern emanating from the corner of the mouth. Charcot (neuropathic) joints and trophic skin disorders may be features in long-standing cases. Horner syndrome and bowel and bladder disturbances are other occasional findings.


The lesion is located in a rostrocaudal longitudinal cavity from the medulla into the spinal cord. The cavity usually is located near the fourth ventricle or central canal of the spinal cord. The definitive laboratory investigation for syringobulbia is MRI, the most reliable and sensitive test to demonstrate a syrinx.


The main considerations in the differential diagnosis are an intrinsic central cord and lower brainstem lesion (syrinx, tumor, or trauma) and compressive foramen magnum syndrome caused by a tumor. Less likely causes are MS and spinal arachnoiditis.


The diagnostic formulation for syringobulbia is based on data from the history, examination, and laboratory evaluation. It usually is a disease of young adults, with a peak incidence in the third and fourth decades of life. Painless burns and dissociated segmental anesthesia of the upper extremities are of major diagnostic significance. A diagnosis of MS requires the presence of other noncontiguous lesions, oligoclonal bands in the CSF, and characteristic MRI findings. Tumors usually produce a more rapid course.












Brainstem Ischemic Stroke Syndromes


Vertebrobasilar ischemic lesions often have a rostrocaudal or patchy localization (Fig. 19.1), rather than the simplified transverse localization that usually is schematized (Kubik and Adams, 1946). In addition, all of the clinical features may not be explainable in anatomical terms; that is, clinicopathological correlation may not be precise.
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Fig. 19.1 A postmortem examination of a patient with embolism of the basilar artery. Note the rostrocaudal extension of the infarction, along with its patchy nature.


(Reprinted with permission from Kubik, C.S., Adams, R.D., 1946. Occlusion of the basilar artery: a clinical and pathological study. Brain 59, 73-121.)





The cardinal manifestations of brainstem stroke are involvement of the long tracts of the brainstem in combination with cranial nerve deficits. Crossed cranial nerve and motor or sensory long-tract deficits are characteristic. The cranial nerve palsy is ipsilateral to the lesion, and the long-tract signs are contralateral—hence the term crossed. Coma, ataxia, and vertigo, which are common with vertebrobasilar stroke, are uncommon with internal carotid artery circulation stroke. INO, unreactive pupils, lower motor neuron cranial nerve impairment, and ocular skew deviation, when caused by stroke, occur only with posterior circulation lesions. The same is usually true for nystagmus and most other ocular oscillations.


Another characteristic of vertebrobasilar ischemia is bilateral involvement of the long tracts. This can result in locked-in syndrome. This syndrome, usually caused by a lesion of the basis pontis, is characterized by quadriplegia with corticobulbar tract involvement and loss of the ability to produce speech. The reticular activating system is spared, so consciousness is preserved. Eye movements or blinking may be all that is left under voluntary control.


Another manifestation of bilateral lesions of the long tracts is pseudobulbar palsy. The symptoms resemble those that occur with lesions of the medulla (bulb). Cranial nerve nuclei have been disconnected from cortical input, however, which causes dysarthria, dysphagia, bilateral facial weakness, extremity weakness, and emotional lability. A more descriptive term for this syndrome is supranuclear bulbar palsy.


Blindness occurs with bilateral posterior cerebral artery occlusion and concomitant occipital lobe infarction.


Ischemic stroke syndromes are outlined next. These syndromes occur in isolation, as presented here, and in combination. The combinations can be medial, with lateral or often rostrocaudal extension. Several classic stroke syndromes, such as Wallenberg later medullary syndrome and Weber cerebral peduncle syndrome, exist. However, an investigation that looked prospectively at 304 cases of brainstem stroke found 1 of 24 named syndromes in only 20. About 20% of cases showed different unnamed crossed brainstem syndromes (Marx and Thomke, 2009).






Thalamic Stroke Syndromes


The blood supply of the thalamus is from the posterior cerebral, posterior communicating, basilar communicating (Fig. 19.2), and anterior and posterior choroidal arteries. Thalamic stroke syndromes are listed in Table 19.1. Fig. 19.3 illustrates the five arterial territories of the thalamus.
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Fig. 19.2 Branches of the basilar communicating artery as seen in a sagittal section of the brainstem: thalamic polar (1), posterior communicating (2), posterior thalamosubthalamic paramedian (3), superior paramedian (4), inferior paramedian (5), and mesencephalic paramedian (6).


(Reprinted with permission from Percheron, G., 1976. Les artères et territoires du thalamus humain: II. Artères et territoires thalamiques paramédians de l’artère basilare communicante. Rev Neurol 132, 309-324.)





Table 19.1 Ischemic Stroke Syndromes of the Diencephalon






	ANTEROLATERAL






	Common Symptoms






	



Contralateral weakness, vision loss


Confusion


Disorientation


Language disturbance












	Signs






	



Contralateral:



Hemiparesis



Hemiataxia



Hemisensory loss



Homonymous hemianopia


Right-sided lesion: visuospatial abnormalities, hemineglect, nonverbal intellect affected


Left-sided lesion: disorientation, aphasia












	Arterial Territory Involved






	



Thalamic polar (tuberothalamic) artery (see Figs. 19.2 and 19.3)












	MEDIAL






	Common Symptoms






	



Disorientation and confusion


Coma with occlusion of mainstem variant


Visual blurring












	Signs






	



Vertical gaze ophthalmoplegia


Loss of pupillary reflexes


Loss of convergence


Disorientation and confusion, stupor, coma, and various neuropsychiatric disturbances












	Arterial Territory Involved






	



Posterior thalamosubthalamic paramedian artery (thalamic paramedian or deep interpeduncular profundus artery; (see Figs. 19.2 and 19.3)












	LATERAL AND POSTERIOR INTERNAL CAPSULE






	Common Symptoms






	



Contralateral:



Hemiparesis



Numbness



Confusion












	Signs






	



Contralateral:



Hemiparesis



Diminished pain and temperature



Dysarthria



Homonymous hemianopia; characteristically with a tongue of visual field spared along the horizontal meridian


Memory impairment


With right-sided lesions: visuoperceptual abnormalities












	Arterial Territory Involved






	



Anterior choroidal artery (see Fig. 19.3)












	POSTEROLATERAL






	Common Symptoms






	



Contralateral:



Weakness



Numbness



Vision loss



Neglect



Confusion












	Signs






	



Contralateral:



Loss of touch, pain, temperature, and vibration sense (common)



Hemiparesis in some



Hemiataxia



Homonymous hemianopia


Left hemispatial neglect


Poor attention span












	Arterial Territory Involved






	



Geniculothalamic artery (see Fig. 19.3)
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Fig. 19.3 Schematic computed tomography sections showing the five arterial territories of the thalamus. A, Geniculothalamic (inferolateral) artery territory. B, Anterior thalamosubthalamic paramedian (tuberothalamic) territory. C, Posterior choroidal territory. D, Posterior thalamosubthalamic paramedian territory. E and F, anterior choroidal territory.


(Modified with permission from Bogousslavsky, J., Regli, F., Uske, A., 1988. Thalamic infarcts: clinical syndromes, etiology and prognosis. Neurology. 38, 837-848.)












Midbrain Stroke Syndromes


Ischemia of the midbrain is characterized by long-tract signs combined with involvement of the third and fourth cranial nerves (Bogousslavsky et al., 1994). Supratentorial (anterior circulation) stroke syndromes may manifest with midbrain signs when rostrocaudal deterioration occurs, causing transtentorial herniation. Classifications of the blood supply to the brainstem are numerous, and this variability is nowhere more apparent than in the midbrain.


Blood flows to the upper mesencephalon via perforating branches of the basilar communicating artery. The basilar communicating artery (P1 segment of the posterior cerebral artery or mesencephalic artery) connects the basilar artery with the posterior communicating artery. A simplified scheme used here divides the vascular territories into medial and lateral transverse regions.


The medial midbrain syndromes are characterized by an ipsilateral third cranial nerve palsy associated with a contralateral hemiparesis. Loss of the discriminative sensations (proprioception, vibration, and stereognosis) with involvement of the medial lemniscus may occur. The lateral syndromes are composed of contralateral loss of pain and temperature sensation and ipsilateral Horner syndrome and loss of facial sensation. Ataxia may occur on either side. Ischemic stroke syndromes of the mesencephalon are outlined in Table 19.2, and Figs. 19.4 and 19.5 show the territories involved with occlusive and ischemic stroke syndromes in this area. Eponymic designations are given later in the text in Table 74.1. Mossuto-Agatiello (2006) identified a caudal paramedian midbrain syndrome with a distinctive clinical picture: bilateral cerebellar (truncal and gait) ataxia, eye movement disorders (nuclear third nerve palsy, INO), and palatal myoclonus.


Table 19.2 Ischemic Stroke Syndromes of the Mesencephalon






	MIDDLE MEDIAN MIDBRAIN SYNDROME






	Common Symptoms






	



Contralateral:



Weakness



Ataxia



Numbness


Ipsilateral:



Eyelid ptosis



Ataxia



Diplopia












	Signs






	



Contralateral:



Weakness



Ataxia



Supranuclear horizontal gaze paresis


Ipsilateral:



Third cranial nerve palsy



Nuclear



Fascicular


Internuclear ophthalmoplegia












	Arterial Territory Involved






	



Median and paramedian perforating ranches of the basilar or mesencephalic arteries












	
MIDDLE LATERAL MIDBRAIN SYNDROME (see Fig. 19.4)







	Common Symptoms






	



Numbness: contralateral


Clumsiness: ipsilateral












	Signs






	



Contralateral:



Hemianesthesia



Ataxia


Ipsilateral:



Facial hemianesthesia (or contralateral)



Horner syndrome



Ataxia (if lesion is ventral to brachium conjunctivum)












	Arterial Territory Involved






	



Superior cerebellar artery












	
INFERIOR MEDIAL MIDBRAIN SYNDROME (see Fig. 19.5)







	Common Symptoms






	



Diplopia


Contralateral weakness


Clumsiness












	Signs






	



Contralateral:



Fourth cranial nerve palsy



Ataxia (may be ipsilateral, depending on whether the lesion is before or after the crossing of the brachium conjunctivum)



Hemiparesis



Supranuclear horizontal gaze paresis (ipsilateral if below decussation in lower midbrain)


Ipsilateral:



Internuclear ophthalmoplegia












	Arterial Territory Involved






	



Median branches of the basilar artery












	
INFERIOR LATERAL MIDBRAIN SYNDROME (see Fig. 19.5)







	Common Symptom






	



Contralateral numbness












	Signs






	



Contralateral:



Hemianesthesia


Ipsilateral:



Hemianesthesia of face



Horner syndrome












	Arterial Territory Involved






	



Superior cerebellar artery
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Fig. 19.4 Midbrain at the superior colliculus level, showing the medial and lateral territories involved with occlusive stroke syndromes in this area.


(Reprinted with permission from DeArmond, S.J., Fusco, M.M., Dewey, M.M., 1976. Structure of the Human Brain, second ed. Oxford University Press, New York.)
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Fig. 19.5 Midbrain at the inferior colliculus level, showing the medial and lateral territories involved with ischemic stroke syndromes in this area.


(Reprinted with permission from DeArmond, S.J., Fusco, M.M., Dewey, M.M., 1976. Structure of the Human Brain, second ed. Oxford University Press, New York.)












Pontine Stroke Syndromes


The pons is supplied by numerous penetrating branches of the basilar artery. These arteries have little collateral supply; consequently, lacunar syndromes (see Chapter 51A) can occur (Table 19.3). These syndromes (Figs. 19.6, 19.7, and 19.8) may be clinically indistinguishable from lacunar syndromes due to lesions of the internal capsule. More extensive paramedian syndromes are accompanied by characteristic pontine findings. The findings may fluctuate (pontine warning syndrome) and in this situation may be treated by intravenous venous tissue plasminogen activator (Saposnik et al., 2008). Contralateral hemiparesis, ipsilateral ataxia, INO, and conjugate horizontal gaze paresis characterize the medial syndromes.


Table 19.3 Ischemic Stroke Syndromes of the Pons






	
SUPERIOR MEDIAL PONTINE SYNDROME (see Fig. 19.6)







	Common Symptoms






	



Contralateral weakness


Clumsiness












	Signs






	



On side of lesion:



Ataxia



Internuclear ophthalmoplegia



Myoclonus of palate, pharynx, vocal cords


On side opposite lesion:



Paralysis of face, arm, and leg












	Arterial Territory Involved






	



Median branches of the basilar artery












	
SUPERIOR LATERAL PONTINE SYNDROME (see Fig. 19.6)







	Common Symptoms






	



Clumsiness: ipsilateral


Contralateral numbness


Dizziness, nausea, vomiting












	Signs






	



On side of lesion:



Ataxia of limbs and gait, falling to side of lesion



Horner syndrome



Facial hemianesthesia



Paresis of muscles of mastication


On side opposite lesion:



Hemianesthesia (trigeminothalamic tract)



Impaired touch, vibration, and position sense












	Arterial Territory Involved






	



Superior cerebellar artery












	
MIDDLE MEDIAL PONTINE SYNDROME (see Fig. 19.7)







	Common Symptoms






	



Contralateral hemiparesis


Ipsilateral clumsiness












	Signs






	



On side of lesion:



Ataxia of limbs



Conjugate gaze paresis toward the side of the lesion



Internuclear ophthalmoplegia


On side opposite lesion:



Paresis of face, arm, and leg



With bilateral lesions, locked-in syndrome may occur












	Arterial Territory Involved






	



Median branches of the basilar artery












	
MIDDLE LATERAL PONTINE SYNDROME (see Fig. 19.7)







	Common Symptoms






	



Numbness


Clumsiness


Chewing difficulty












	Signs






	



Contralateral:



Hemisensory loss


Ipsilateral:



Ataxia of limbs



Paralysis of muscles of mastication



Impaired pain sensation over side of face



Horner syndrome












	Arterial Territory Involved






	



Long lateral branches of basilar artery












	
INFERIOR MEDIAL PONTINE SYNDROME (FOVILLE SYNDROME) (see Fig. 19.8)







	Common Symptoms






	



Contralateral weakness and numbness


Facial weaknesses: ipsilateral


Diplopia












	Signs






	



Contralateral:



Paralysis of arm and leg



Impaired tactile and proprioceptive sense over half the body



Internuclear ophthalmoplegia


Ipsilateral:



Paresis of conjugate gaze to side of lesion; to oculocephalic maneuver also if the sixth cranial nerve nucleus is involved



One-and-a-half syndrome



Nystagmus



Diplopia on lateral gaze



Lower motor neuron–type facial palsy












	Arterial Territory Involved






	



Median branches of the basilar artery












	
INFERIOR LATERAL PONTINE SYNDROME (ANTERIOR INFERIOR CEREBELLAR ARTERY SYNDROME) (see Fig. 19.8)







	Common Symptoms






	



Vertigo, nausea, vomiting


Oscillopsia


Deafness, tinnitus


Facial numbness


Dyscoordination












	Signs






	



Contralateral:



Impaired pain and thermal sense over half the body (may include the face)


Ipsilateral:



Deafness



Facial paralysis



Ataxia



Impaired sensation over face












	Arterial Territory Involved






	



Anterior inferior cerebellar artery
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Fig. 19.6 Superior pontine level, showing the medial and lateral territories involved with occlusive stroke in this region.


(Reprinted with permission from Adams, R.D., Victor, M., 1993. Principles of Neurology, fifth ed. McGraw-Hill, New York.)
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Fig. 19.7 Middle pontine level, showing the medial and lateral territories involved with ischemic stroke syndromes in this locality.


(Reprinted with permission from Adams, R.D., Victor, M., 1993. Principles of Neurology, fifth ed. McGraw-Hill, New York.)
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Fig. 19.8 Inferior pons at the level of the sixth cranial nerve nucleus, showing the medial and lateral territories involved with occlusive stroke in this area.


(Reprinted with permission from Adams, R.D., Victor, M., 1993. Principles of Neurology, fifth ed. McGraw-Hill, New York.)





The lateral syndromes are distinguished by contralateral hemianesthesia and loss of discriminative sensation with ipsilateral Horner syndrome, facial hemianesthesia, and ataxia. Ipsilateral lower motor neuron–type facial paresis, sixth cranial nerve paresis, deafness, and vertigo occur with inferior pontine lesions.









Medullary Stroke Syndromes


Medial medullary ischemia (Fig. 19.9) can cause crossed hypoglossal hemiparesis syndrome (Table 19.4). In addition, patients may have loss of discriminative-type sensation (position sense, graphesthesia, and stereognosis) when there is associated medial lemniscus involvement. Kumral and associates (2002) have described four patterns of medial medullary stroke: (1) the most frequent, classic crossed hypoglossal hemiparesis syndrome, (2) sensorimotor stroke without lingual palsy, (3) pure hemiparesis, and (4) bilateral medial medullary stroke. Ocular motor findings often are prominent (Kim et al., 2005), with ocular contrapulsion, ocular tilt reaction, ipsilesional nystagmus (gaze-evoked, upbeating, and hemi-seesaw).
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Fig. 19.9 Cross-section of medulla at the level of the inferior olivary complex, showing the medial and the more common lateral territory involved with ischemic stroke in this brainstem site.


(Reprinted with permission from Adams, R.D., Victor, M., 1993. Principles of Neurology, fifth ed. McGraw-Hill, New York.)





Table 19.4 Ischemic Stroke Syndromes of the Medulla






	
MEDIAL MEDULLARY SYNDROME (see Fig. 19.9)







	Common Symptoms






	



Contralateral weakness


Dysarthria












	Signs






	



Contralateral:



Paralysis of arm and leg, sparing face



Impaired tactile, vibratory, and proprioceptive sense over half the body


Ipsilateral:



Paralysis with atrophy (late) of half the tongue



Primary-position upbeat nystagmus












	Arterial Territory Involved






	



Occlusion of vertebral artery or branch of vertebral or lower basilar artery or anterior spinal artery












	
LATERAL MEDULLARY SYNDROME (WALLENBERG SYNDROME) (see Fig. 19.9)







	Common Symptoms






	



Ipsilateral facial pain and numbness


Vertigo, nausea, and vomiting


Ipsilateral clumsiness


Diplopia, oscillopsia


Numbness ipsilateral or contralateral to lesion


Dysphagia, hoarseness












	Signs






	



Contralateral:



Impaired pain sensation over half the body, sometimes including the face


Ipsilateral:



Impaired sensation over half the face



Ataxia of limbs, falling to side of lesion



Horner syndrome



Dysphagia, hoarseness, paralysis of vocal cords



Diminished gag reflex



Loss of taste


Other:



Nystagmus:



Primary-position rotatory



Gaze-evoked horizontal



Downbeating on lateral gaze



Ocular skew deviation



Hiccup












	Arterial Territory Involved






	



Occlusion of any of five vessels may be responsible: vertebral; posterior inferior cerebellar; or superior, middle, or inferior lateral medullary artery













Lateral medullary syndrome (Wallenberg syndrome; see Fig. 19.9) is one of the most dramatic clinical presentations in neurology (see Table 19.4). Long-tract signs (i.e., contralateral loss of pain and temperature sensation over half of the body, ipsilateral ataxia, ipsilateral axial lateropulsion [Eggers et al., 2009], Horner syndrome) are accompanied by involvement of the nuclei and fasciculi of cranial nerves V, VIII, IX, and X. Nystagmus often is present. The critical sign that distinguishes this from a lateral pontine syndrome is involvement of the nucleus ambiguus or its fasciculus and consequent weakness of the ipsilateral palate and vocal cord. It is increasingly found in the setting of vertebral artery dissection. (A more detailed discussion of stroke is presented in Chapter 51A.)
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Chapter 20 Ataxic and Cerebellar Disorders




S.H. Subramony







Chapter Outline




Symptoms and Signs of Ataxic Disorders



Symptoms in Patients with Ataxia




Neurological Signs in Patients with Cerebellar Ataxia




Neurological Signs in Patients with Sensory Ataxia



Diagnostic Approach to Ataxia








The term ataxia denotes a syndrome of imbalance and incoordination involving gait, limbs, and speech and usually results from a disorder of the cerebellum and/or its connections. It appears to be derived from the Greek word taxis, meaning “order” (Worth, 2004). Ataxia can also result from a disturbance of proprioceptive input due to pathology along the sensory pathways (sensory ataxia). Evidence from anatomical connectivity studies suggest not only a motor function but also a potential cognitive role for the cerebellum (Strick et al., 2009).The clinical approach to patients with ataxia involves differentiating ataxia from other sources of imbalance and incoordination, distinguishing cerebellar from sensory ataxia, and designing an evaluation based on knowledge of various causes of ataxia and cerebellar disorders (Manto, 2009; Worth, 2004). This chapter describes the clinical features of ataxia and outlines a basic approach to patients with ataxia. A more detailed description of specific disorders can be found elsewhere in this book.






Symptoms and Signs of Ataxic Disorders


A few general statements can be made regarding cerebellar diseases. Lateralized cerebellar lesions cause ipsilateral symptoms and signs, whereas generalized cerebellar lesions give rise to more symmetrical symptomatology. Acute cerebellar lesions often produce severe abnormalities early but may show remarkable recovery with time. Recovery may be less optimal when the deep cerebellar nuclei are involved (Timmann et al., 2008). Chronic progressive diseases of the cerebellum tend to cause gradually declining balance with longer lasting effects. To some extent, signs and symptoms have a relation to the location of the lesions in the cerebellum (Stoodley and Schmahmann, 2010; Timmann et al., 2008). Ataxia of stance and gait are correlated with lesions in the medial and intermediate cerebellum: oculomotor features with medial, dysarthria with intermediate, and limb ataxia with lateral cerebellar lesions (Timmann et al., 2008). Stoodley and Schmahmann (2010) also point out that such lesion/symptom correlation can be extended to the proposed cognitive and limbic aspects of cerebellar function as well with anterior lobe lesions correlating with the traditional motor abnormalities and posterior lobe lesions with cognitive changes.






Symptoms in Patients with Ataxia






Gait Disturbances


Patients with cerebellar and sensory ataxia often present with abnormalities of gait. The initial symptoms may be a sense of insecurity while walking, especially when performing acts that require a bit more skill, such as turning or balancing on a narrow ledge. Even before gait becomes abnormal, patients may note problems with specialized skills such as skiing, bicycling, or climbing. Patients may report the sense of imbalance as dizziness, but the sensation is more like being on a boat rather than vertigo. Patients and family notice that the patient feels more secure with the feet progressively apart. An increase in imbalance when visual cues are removed suggests a sensory component to the ataxia.









Limb Ataxia


Ataxic diseases cause a variety of symptoms in the upper limbs, resulting from incoordination and tremor. Patients report clumsiness with activities such as writing, picking up objects, and buttoning. Movements tend to become slower. These symptoms are one-sided with lateralized lesions of the cerebellum.









Truncal Ataxia


Midline cerebellar lesions cause truncal ataxia. Patients may experience head tremor and truncal instability leading to oscillatory movements of the head and trunk while sitting or standing (titubation). They may need back support while sitting.









Dysarthria and Bulbar Symptoms


Ataxic diseases of cerebellar origin result in slurred speech and abnormalities of pitch and volume control (scanning speech). Dysphagia can result from incoordination of swallowing muscles, and patients report strangling and choking. Ineffectiveness of cough may also be a symptom.









Visual Symptoms


Patients may experience blurriness or a sense of environmental movements as a result of cerebellar ocular oscillations associated with cerebellar disease.









Symptoms in Sensory Ataxia


Patients with a sensory basis for ataxia usually do not experience dysarthria or visual symptoms. They may report other symptoms of sensory pathway disease such as paresthesias and numbness.












Neurological Signs in Patients with Cerebellar Ataxia


Gordon Holmes (1922, 1939) is often credited with the initial description of cerebellar deficits, although earlier works had reported on the effects of cerebellar lesions. Lesions of the cerebellum can cause deficits involving gait and stance, limb incoordination, muscle tone, speech, and the oculomotor system. They may also result in subtle cognitive deficits.






Stance and Gait


Patients with cerebellar disease initially experience an increase in body sway when the feet are placed together; the trunk moves excessively in the sideways direction (lateropulsion). With more severe disease, patients experience the increased sway even with normal stance and learn that balance is better with feet apart. Healthy persons usually have a foot spread of less than 12 cm during normal stance. Patients with cerebellar disease tend to have a much larger foot spread during quiet stance (Manto, 2002). In the clinic, one can detect even subtle problems with balance by asking the patient to do a tandem stance or stand on one foot; normal adults can do these maneuvers for at least 30 seconds. The Romberg test is usually positive in patients with cerebellar ataxia, although this tends to be more prominent in patients with proprioceptive or vestibular lesions. Many patients experience rhythmic oscillations of the trunk and head known as titubation. Severe truncal ataxia can also result in inability to sit upright without back support. Gait can be tested by asking the patient to walk naturally down a straight path. Ataxic gait is characterized by a widened base and an irregular staggering appearance resembling alcoholic intoxication. Overall, the speed of movements is not severely impaired, though patients may deliberately slow down to keep their balance. The steps are irregular, and the patient may lurch in unpredictable ways. Ataxic gait disturbance can be detected even earlier by testing tandem gait; patients with cerebellar lesions lose their ability to do heel-to-toe walking in a straight line.









Limb Incoordination


A number of clinical tests have been designed to test limb incoordination and the presence of tremor typically associated with cerebellar lesions. The finger-to-nose test involves repeatedly touching the tip of the nose and then the tip of the examiner’s finger held just within reach of the patient’s extended arm. The finger-chase test is done by asking the patient to follow the examiner’s finger rapidly and accurately as the examiner moves his or her finger to a different location. Action tremor can be examined by placing the arms in the outstretched position and also by asking the patient to point the index fingers at each other at about chest level, separated by about 1 cm. Rapid alternating movements are examined by asking the patient to supinate and pronate the forearm in the unsupported position. This can also be done by having the patient alternately tap the palm and dorsum of one hand on the palm of the other (stationary) hand or on the thigh. Rebound is examined by allowing the patient to flex the elbow against the examiner’s hand and then abruptly removing the resistance and assessing the ability to arrest the sudden flexion movement. The patient’s face should be protected by the examiner’s hand, as patients with severe cerebellar deficit would hit themselves in the face. In the lower limbs, the heel-to-shin maneuver is done by having the patient bring the heel of the leg being tested to the opposite knee and sliding it in a straight line down the anterior aspect of the tibia to the ankle. The foot should be nearly vertical while doing this. Having the patient rest the heel on the opposite knee for period of time can elicit tremor in the leg. The toe-to-finger test is done by asking the patient to touch the examiner’s finger repeatedly with the great toe as the examiner moves the finger to a new position. Lower limb testing is best done in the supine position. These tests detect the following abnormalities in patients with ataxia.






Dysmetria


The term dysmetria refers to an inaccuracy of movement in which the desired target is either underreached (hypometria) or overreached (hypermetria). Dysmetria is evident in the finger chase and toe-to-finger tests. Holmes thought of dysmetria as a disturbance of the rate, range, and force of movement. Dysmetria is often increased by adding a mass to the hand.









Kinetic (Intention) Tremor


Kinetic, or intention, tremor manifests as oscillations of the limb that occur during a voluntary movement intended to reach a target; the tremor often increases in amplitude as the target is reached. Kinetic tremor is typically seen with cerebellar lesions. The oscillations appear to result from instability at the proximal rather than distal portions of the limb and are typically perpendicular to the axis of motion. In contrast, patients with essential tremor who have no other cerebellar signs may exhibit an exaggeration of their tremor—primarily in the distal portions of the limbs—at the termination of a purposeful movement. The finger-to-nose and heel-to-shin maneuvers detect the kinetic tremor. Kinetic tremor is better evaluated when mass is added to the hand.









Action Tremor


Cerebellar lesions can give rise to a postural tremor initiated by keeping the arms outstretched or pointing the fingers steadily at each other. In the legs, maintaining one heel on the opposite knee can bring out such a tremor.









Other Types of Tremor


Ataxic patients can exhibit an axial tremor involving the head and shoulders. Also, a severe tremor in the upper limbs that has both an intention and postural component can appear in cerebellar outflow tract disease. This has also been called a rubral or wing-beating tremor. This cerebellar outflow tremor is often seen in multiple sclerosis, Wilson disease, and midbrain strokes.









Dysdiadochokinesia


The term dysdiadochokinesia refers to irregularity of the rhythm and amplitude of rapid alternating movements. Simple tapping tasks such as the index finger on the thumb crease or the feet on the floor can also detect the disturbance in rhythm (dysrhythmokinesis).












Abnormalities of Muscle Tone and Strength


Although hypotonia can occur in acute cerebellar disease, it is not a major feature of most cerebellar diseases. The inability of patients to check forearm movement in the rebound test is often said to result from hypotonia but may have other explanations. Similarly, cerebellar lesions do not cause loss of strength in the traditional sense, but many patients experience problems with sustaining a steady force during sustained hand use (isometrataxia) (Manto, 2002).









Oculomotor Disturbances


Routine eye movement examination can detect most of the signs of cerebellar disease (Martin and Corbett, 2000). Fixation abnormalities are examined by asking the patient to maintain sustained gaze at the examiner’s finger held about 2 feet in front. Then the patient is asked to follow the finger as it is moved slowly in all directions of gaze (pursuit). Eccentric gaze is maintained (at ≈ 30 degrees deviation) to check for nystagmus. Saccades are examined by having the patient shift gaze quickly between an eccentrically held finger and the examiner’s nose in the middle. More sophistication can be brought to the clinical examination by looking at the vestibulo-ocular reflex, with the patient in a rotary chair and looking at an object that moves with the chair. A rotating striped drum is used to examine for optokinetic nystagmus (OKN), and Frenzel goggles can be used to remove fixation.






Disorders of Pursuit


Pursuit movements include fixation (pursuit at 0 degrees velocity). Small, 0.1- to 0.3-degree square-wave movements of the eyes are often seen even in normal individuals during fixation. Square-wave jerks are so named because in eye-movement recordings they appear as two saccades in opposite directions separated by a short period of no movement, giving a square appearance to the recording. Square-wave jerks exceeding 10 per minute are indicative of central nervous system disease, but they are not as specific for cerebellar ataxia as large-amplitude square-wave jerks. Square-wave jerks larger than 10 degrees in amplitude are called macro–square-wave jerks. Cerebellar disease also slows down pursuit movements, requiring catch-up saccades to keep up with a moving target. Such saccadic intrusions and intrusions of square-wave jerks give a “ratchety” appearance to pursuit movement.









Disorders of Saccades


Saccade velocity is normal in cerebellar disease, but its accuracy is impaired so that both hypometric and hypermetric saccades are seen. Such saccades are followed by a corrective saccade in the appropriate direction (Munoz, 2002).









Other Saccadic Intrusions


Ocular flutter differs from square-wave jerks in that the back-and-forth horizontal saccades are not separated by an intersaccade interval. Opsoclonus is characterized by continuous saccades in all directions in a chaotic fashion. Both ocular flutter and opsoclonus are associated with cerebellar disease, especially paraneoplastic or postinfectious syndromes.









Nystagmus


Gaze-evoked nystagmus is elicited when eccentric gaze is maintained at about 30 degrees from the midline. There are repetitive drifts of the eyes toward midline, followed by saccades to the eccentric position. The fast phase of the nystagmus is always to the side of the eccentric gaze. This nystagmus is usually seen in cerebellar disease. When typical gaze-evoked nystagmus fatigues and reverses direction after a few seconds, it is called rebound nystagmus. Rebound nystagmus may also appear as a transient nystagmus in the opposite direction when the eye is returned to midline. Rebound nystagmus is also seen in cerebellar disease. Downbeat nystagmus is characterized by a rapid phase in the down direction in primary position of the eyes. Such downbeat nystagmus becomes more prominent with downgaze or gaze to the side. Downbeat nystagmus is typically seen in craniovertebral junction abnormalities such as Arnold-Chiari malformation, but it can also occur in some degenerative ataxias such as spinocerebellar ataxia type 6. Finally, upbeat primary position nystagmus can be seen in lesions of the anterior vermis.









Vestibulo-Ocular Reflex


In a rotary chair, normal individuals can suppress the vestibular-ocular reflex (VOR) and keep their eyes on an object moving slowly with the chair. Patients with cerebellar disease cannot inhibit the VOR, so the eyes drift away from the object and make catch-up saccades as the chair is rotated.












Speech and Bulbar Function


Speech is evaluated by listening to patients’ spoken words and asking them to speak standard phrases. Speech in cerebellar disease is characterized by slowness, slurring of the words, and a general inability to control the process of articulation, leading to unnecessary hesitations and stops, omissions of pauses when needed, and an accentuation of syllables when not needed. Also, there is a moment-to-moment variability in the volume and pitch of words and inappropriate control of the breathing needed for speech, causing a scanning dysarthria. Both speech execution and the motor programming of speech may be defective in cerebellar disease (Spencer and Slocomb, 2007). Mild dysphagia is not uncommon in cerebellar disease. In children, a form of “cerebellar mutism” has been described after posterior fossa surgery. This is transient and followed by more typical cerebellar dysarthria.









Cognitive-Affective Features


A number of studies have suggested that cerebellar lesions can be accompanied by changes in cognitive and behavioral functions. Such changes have included defective executive function (often noted on the Wisconsin card sorting test) and defective visual and verbal memory and verbal fluency tasks. Acute cerebellar lesions may be accompanied by subtle language deficits, and a syndrome of cerebellar mutism has been noted in children with acute cerebellar lesions.












Neurological Signs in Patients with Sensory Ataxia


For patients with sensory ataxia, the major basis of ataxia is defective proprioception. Patients can be shown to have impaired position and vibration sense, and the deep tendon reflexes are often lost because of afferent fiber pathology. The Romberg test is positive. Many degenerative ataxic syndromes combine features of cerebellar and proprioceptive deficits in variable proportion.












Diagnostic Approach to Ataxia


Recognizing an ataxic basis for the patient’s coordination problems and gait is usually easy. Other neural disorders that can give rise to similar problems with gait and dexterity—nerve and muscle disorders, spinal cord diseases, and basal ganglia diseases, for example—can usually be distinguished on the basis of physical signs alone.


Some patients with bilateral frontal lobe lesions may have a gait disorder superficially resembling ataxia (Brun ataxia or frontal ataxia). However, limb and eye-movement signs of cerebellar disease are absent, and the gait abnormalities are out of proportion to the limb signs. Often the patient may experience a sense of being glued to the ground (“magnetic” gait). Other gait disorders associated with dystonia or chorea may also be occasionally mistaken for cerebellar ataxia.


Neurological examination also determines whether the ataxia is primarily cerebellar, primarily sensory, or a combination of both. This led Greenfield to classify ataxic disorders as spinal, cerebellar, or spinocerebellar in nature. Further diagnostic considerations and avenues for investigation are aimed at making a specific diagnosis (Box 20.1), and management is dependent on the diagnosis. This can be a daunting task, especially when the disease appears to be “degenerative” in nature (i.e., associated with cerebellar atrophy). As an example, the Online Mendelian Inheritance in Man website lists more than 500 genetic disorders alone in which ataxia can occur. In the appropriate clinical setting when the initial diagnostic process (e.g., imaging studies) has been unfruitful, it may be important to educate the patient about the possibility of not being able to come to a specific diagnosis before embarking on an expensive process of laboratory studies. In patients with ataxia, many additional pieces of information may be useful in arriving at a diagnosis. These include age at onset (Table 20.1); the tempo of disease (Table 20.2); whether the ataxia is predominantly spinal, spinocerebellar, cerebellar, or associated with spasticity (Box 20.2); the presence or absence of noncerebellar neurological signs (Table 20.3); the occurrence of any distinctive systemic features (Table 20.4); and the nature of the imaging abnormalities (Table 20.5).





Box 20.1 Acquired and Genetic Causes of Ataxia






Acquired Causes of Ataxia







Congenital: “ataxic” cerebral palsy, other early insults


Vascular: ischemic stroke, hemorrhagic stroke, AVMs


Infectious/transmittable: acute cerebellitis, postinfectious encephalomyelitis, cerebellar abscess, Whipple disease, HIV, CJD


Toxic: alcohol, anticonvulsants, mercury, 5FU, cytosine arabinoside, lithium


Neoplastic/compressive: gliomas, ependymomas, meningiomas, basal meningeal carcinomatosis, craniovertebral junction abnormalities


Immune: MS, paraneoplastic syndromes, anti-GAD, gluten ataxia


Deficiency: hypothyroidism, vitamin B1 and B12, vitamin E












Genetic Causes of Ataxia







Autosomal recessive: FA, AT, AVED, AOA 1, AOA 2, MIRAS, ARSACS, other newly defined autosomal recessive ataxias


Ataxia in other genetic diseases not traditionally classified as an “ataxia”


Autosomal dominant: SCA types 1 through 31, episodic ataxias (types 1, 2, others)


X-linked, including fragile X tremor-ataxia syndrome (FXTAS)


Mitochondrial: NARP, MELAS, MERRF, others including Kearns-Sayre syndrome





AOA, Ataxia with oculomotor apraxia; ARSACS, autosomal recessive spastic ataxia of Charlevoix-Saguenay;AT, ataxia telangiectasia; AVED, ataxia with vitamin E deficiency; AVMs, arteriovenous malformations; CJD, Creutzfeldt-Jakob disease; FA, Friedreich ataxia; 5FU, 5 fluorouracil; GAD, glutamic acid decarboxylase; HIV, human immunodeficiency virus; MELAS, mitochondrial encephalopathy, lactic acidosis, stroke-like episodes; MERRF, myoclonus epilepsy with ragged red fibers; MIRAS, mitochondrial recessive ataxic syndrome; MS, multiple sclerosis; NARP, neuropathy, ataxia, and retinitis pigmentosa; SCA, spinocerebellar ataxia.








Table 20.1 Causes of Ataxia Related to Age at Onset






	Age at Onset

	Acquired

	Genetic






	Infancy

	Ataxic cerebral palsy, other intrauterine insults

	Inherited congenital ataxias (Joubert, Gillespie)






	Childhood

	Acute cerebellitis; cerebellar abscess; posterior fossa tumors such as ependymomas, gliomas; AVM; congenital anomalies such as Arnold-Chiari malformation; toxic such as due to anticonvulsants; immune related to neoplasms (opsoclonus-myoclonus)

	FA; other recessive ataxias; ataxia associated with other genetic diseases; EA syndromes; mitochondrial disorders; SCAs such as SCA 2, SCA 7, SCA 13, DRPLA






	Young adult

	Abscesses; HIV; mass lesions such as meningiomas, gliomas, AVM; immune such as MS; Arnold-Chiari malformation; hypothyroidism; toxic such as alcohol and anticonvulsants

	FA; SCAs, inherited tumor syndromes like von Hippel-Lindau syndrome






	Older adult

	Same as above plus “idiopathic” ataxia, immune related such as anti-GAD and gluten ataxia

	More benign SCAs such as SCA 6







AVM, Arteriovenous malformation; DRPLA, dentate-rubral-pallidoluysian atrophy; EA, episodic ataxia; FA, Friedreich ataxia; HIV, human immunodeficiency virus; MS, multiple sclerosis; SCA, spinocerebellar ataxia (note: SCA indicates a dominantly inherited ataxic disease).


Table 20.2 Causes of Ataxia Based on Onset and Course






	Tempo

	Acquired Diseases

	Genetic Diseases






	Episodic

	 

	Many inborn errors of metabolism; EA syndromes






	Acute (hours/days)

	Strokes, ischemic and hemorrhagic; MS; infections; parainfectious syndromes; toxic disorders

	 






	Subacute (weeks/months)

	Mass lesions in the posterior fossa; meningeal infiltrates; infections such as HIV, CJD; deficiency syndromes such B1 and B12; hypothyroidism; immune disorders such as paraneoplastic, gluten, and anti-GAD ataxia; alcohol

	 






	Chronic

	Mass lesions such as meningiomas; craniovertebral junction anomalies; alcoholic; idiopathic cerebellar and olivopontocerebellar atrophy; MSA

	Most genetic disorders such as FA, AT, and other AR ataxias; SCAs







AR, Autosomal recessive; AT, ataxia telangiectasia; CJD, Creutzfeldt-Jakob disease; EA, episodic ataxia; FA, Friedreich ataxia; GAD, glutamic acid decarboxylase; HIV, human immunodeficiency virus; MS, multiple sclerosis; MSA, multiple system atrophy; SCA, spinocerebellar ataxia (dominantly inherited).





Box 20.2 Ataxias That Are Primarily Cerebellar, Cerebellar and Sensory, Primarily Sensory, and Associated with Spasticity






Cerebellar Ataxias







Most of the acquired lesions in Table 20.1; SCAs characterized by pure cerebellar ataxia (e.g., SCA 6, SCA 11, SCA 15)












Cerebellar-Sensory Ataxias







AT, AOAs, SCA 2, MJD, SCA 4, SCA 25












Sensory Ataxias







FA, AVED, acquired sensory ataxias related to “ataxic polyneuropathies” (e.g., paraneoplastic sensory neuropathy), Sjögren syndrome, diabetes, B6 toxicity












Spastic Ataxias







SCA 1, MJD, SCA 7, SCA 8, some cases of FA, ARSACS





AOA, Ataxia with oculomotor apraxia; ARSACS, autosomal recessive spastic ataxia of Charlevoix-Saguenay; AT, ataxia telangiectasia; AVED, ataxia with vitamin E deficiency; FA, Friedreich ataxia; MJD, Machado-Joseph disease; SCA, spinocerebellar ataxia.








Table 20.3 Noncerebellar Neurological Signs or Symptoms That May Help in the Differential Diagnosis of Ataxia






	Non-neurological Signs or Symptoms

	Possible Diagnosis






	Focal and lateralized brainstem deficits such as facial palsy, hemiparesis

	Posterior circulation strokes, tumors, MS






	Visual loss from optic atrophy/retinopathy

	MS, FA, SCA 7, mitochondrial disease, Refsum disease, AVED






	Papilledema, headache

	Posterior fossa tumors, ataxia as “false localizing” sign






	Internuclear ophthalmoplegia

	Posterior circulation strokes, MS, some SCAs






	Gaze palsies

	Strokes, MS, NPC, MJD, SCAs 1, 2, 7






	Ptosis, ophthalmoplegia

	Strokes, MS, mitochondrial disease






	Slow saccades/ocular apraxia

	SCA 2, SCA 7, MJD, AT, AOA






	Downbeat nystagmus

	Arnold-Chiari malformation, basilar invagination, SCA 6, EA 2, lithium toxicity






	Spasticity, upper motor neuron signs

	Strokes, MS, tumors compressing brainstem, SCA 1, SCA 3, SCA 7, SCA 8; rarely FA






	Basal ganglia deficits

	Many SCAs like SCA 2, MJD, SCA 1, SCA 12, SCA 17; DRPLA, FXTAS, MSA, Wilson disease, Fahr disease






	Tremor

	SCA 12, SCA 15/16, FXTAS






	Autonomic failure

	Ataxic form of MSA, FXTAS






	Deafness

	Mitochondrial disease; superficial hemosiderosis






	Epilepsy

	Ataxia associated with anticonvulsants; DRPLA, SCA 7, SCA 10






	Myoclonus

	Mitochondrial disease, Unverricht-Lundborg disease, SCA 7 of early onset, SCA 14, sialidosis, ceroid lipofuscinosis, idiopathic (Ramsay-Hunt syndrome)






	Palatal myoclonus

	Alexander disease, SCA 20






	Polyneuropathy

	FA, AOA, AVED, SCA 2, MJD, SCA 1, SCA 4, SCA 25






	Cognitive decline

	Alcohol, MS, CJD, HIV, DRPLA, SCA 12, SCA 13, end-stage SCAs, superficial siderosis






	Psychiatric features

	SCA 12, SCA 17, SCA 27







NOTE: The above list is only a rough guide, and a precise diagnosis cannot be based on such phenotypic features alone. This is because phenotype can be variable, and the features indicated may not occur in all individuals with a particular disease. Also, for many of the disorders, the clinical features have been defined on the basis of limited clinical experience.


AOA, Ataxia with oculomotor apraxia; AT, ataxia telangiectasia; AVED, ataxia with vitamin E deficiency; CJD, Creutzfeldt-Jakob disease; DRPLA, dentatorubral-pallidoluysian atrophy; EA, episodic ataxia; FA, Friedreich ataxia; FXTAS, fragile X tremor ataxia syndrome; HIV, human immunodeficiency virus; MJD, Machado-Joseph disease; MS, multiple sclerosis; MSA, multiple system atrophy; NPC, Niemann Pick C; SCA, spinocerebellar ataxia.


Table 20.4 Systemic and Laboratory Features That May Be Useful in the Differential Diagnosis of Ataxia






	Systemic Feature

	Possible Diagnosis






	Short stature

	Mitochondrial disease, early CNS insults, AT






	Conjunctival telangiectasia

	AT






	Cataracts

	Marinesco-Sjögren syndrome, CTX






	Cataplexy

	NPC






	KF rings

	Wilson disease






	Cervical lipoma

	Mitochondrial disease






	Abnormal ECG, Echocardiogram

	FA, mitochondrial disease






	Organomegaly

	Niemann-Pick disease, LOTS, Gaucher disease, alcohol






	Hypogonadism

	Ataxia with hypogonadism (Holmes ataxia)






	Myopathy

	mtDNA mutations, CoQ10 deficiency






	Diabetes

	AT






	Spine/foot deformity

	FA, AT, AVED






	Increased skin pigmentation

	Adrenoleukodystrophy






	Hematologic malignancy

	AT






	Sinopulmonary infections

	AT






	Tendon xanthomas

	CTX






	High CK

	Mitochondrial disease, AOA






	High α-fetoprotein

	AT, AOA 2







AOA, Ataxia with oculomotor apraxia; AT, ataxia telangiectasia; AVED, ataxia with vitamin E deficiency; CK, creatine kinase; CNS, central nervous system; CTX, cerebrotendinous xanthomatosis; ECG, electrocardiogram; FA, Friedreich ataxia; LOT, late-onset Tay Sachs disease; NPC, Niemann Pick C disease.


Table 20.5 Brain Imaging Abnormalities That Can Serve to Differentiate the Ataxias






	MRI Abnormality

	Possible Diagnosis






	Mass in the cerebellum/posterior fossa

	Gliomas, meningiomas, abscess






	Abnormal craniovertebral junction

	Arnold-Chiari malformation, basilar invagination






	Infarcts, vascular malformations

	Ischemic lesions, AVM






	Signal density change in the cerebellum

	MS, acute cerebellitis






	Signal density change in the MCP

	FXTAS






	Pure cerebellar atrophy

	SCAs with pure cerebellar signs (e.g., SCA 5, SCA 6); idiopathic cortical cerebellar atrophy; toxic, deficiency, and autoimmune ataxias






	Pontocerebellar atrophy

	Many SCAs such as SCA 1, 2, and MJD; sporadic olivopontocerebellar atrophy; ataxic form of MSA






	Cervical cord atrophy

	FA, AVED






	Cerebral white matter changes

	Leukodystrophies presenting with ataxia, MS







AVED, Ataxia with vitamin E deficiency; AVM, arteriovenous malformation; FA, Friedreich ataxia; FXTAS, Fragile X tremor-ataxia syndrome; MJD, Machado-Joseph disease; MS, multiple sclerosis; SCA, spinocerebellar ataxia.
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Investigation of Movement Disorders








The term movement disorders is often used synonymously with basal ganglia or extrapyramidal diseases. However, neither of those terms adequately encompasses all the disorders included under the broad umbrella of movement disorders. Movement disorders are neurological motor disorders manifested by slowness or poverty of movement (bradykinesia or hypokinesia, such as that seen in parkinsonian disorders) at one end of the spectrum and abnormal involuntary movements (hyperkinesias) such as tremor, dystonia, athetosis, chorea, ballism, tics, myoclonus, restless legs syndrome, stereotypies, akathisias, and other dyskinesias at the other. Although motor dysfunctions resulting from upper and lower motor neuron, spinal cord, peripheral nerve, and muscle diseases usually are not classified as movement disorders, abnormalities in muscle tone (e.g., rigidity, spasticity, stiff person syndrome), incoordination (cerebellar ataxia; see Chapters 20 and 74), and complex disorders of execution of movement denoted by the term apraxia (see Chapter 10) are now included among movement disorders.


The term movement disorder refers to a clinical sign for which there are many possible causes. In most fields of neurology, the recommended clinical approach is to determine where in the nervous system the disease process is located and what that process could be. When dealing with movement disorders, however, the first step is to define the most appropriate broad movement disorder class based on knowledge and recognition of phenomenology. Some abnormal movements may appear to be bizarre and therefore difficult to categorize. Despite attempts at uniformity in definition, classification errors are common. Inaccurate categorization occasionally has resulted in clinical, genetic, and epidemiological misinformation embedded in the literature. Video documentation is very useful in clarifying the phenomenology, thereby minimizing the risk of misdiagnosis.


Many movement disorders have no known or established cause. The classification of these disorders, sometimes called essential or idiopathic movement disorders, are now best classifiable as primary movement disorders and distinguished from those that are secondary to identifiable diseases. In the following sections, the emphasis is on historical and clinical features that help the clinician make this distinction. Family history, including ethnic origin (e.g., Ashkenazi Jewish) and parental consanguinity, often is helpful in arriving at a diagnosis. It is crucial to recognize that the symptoms in other family members may be different from those in the patient because of variability of gene expression and penetrance and because they may have an entirely different disorder. For example, some family members of patients with primary dystonia may have dystonic features, whereas others may have predominantly tremor. Additional problems that may hamper the acquisition of an adequate family history include adoption, uncertain paternity, and even the deliberate withholding of important family information. Denial of positive family history is particularly common in patients with Huntington disease (HD) and the genetic ataxias. An adult-onset disorder may not have been evident in a family member who died at an early age. It is particularly important to exclude Wilson disease (WD) because of the specific therapy available and the universally fatal outcome of the disease if left untreated (Lorincz, 2010).


Obtaining a history of birth and early developmental abnormalities is essential, especially emphasizing the possibility of anoxia or kernicterus. A history of encephalitis is important. Certain drugs and toxins have a strong potential for causing movement disorders, particularly drugs that block dopamine receptors. These include antipsychotic drugs, certain antiemetic drugs and other drugs used for various gastrointestinal (GI) disorders (e.g., metoclopramide, prochlorperazine, promethazine), calcium channel blockers (e.g., cinnarizine, flunarizine), central nervous system (CNS) stimulants (e.g., methylphenidate, cocaine), and dopaminergic drugs (e.g., levodopa).


Besides documenting the movement disorder, neurological examination should search for additional findings that would help indicate the secondary nature of the problem. General physical examination must be thorough. An extremely important component of the examination is a corneal evaluation, including slit-lamp examination, to exclude the presence of a Kayser-Fleischer ring, characteristic of WD (Fig. 21.1). The nature and extent of laboratory investigations depend on clinical suspicions. Without clues from the history and physical examination, however, very few specific or special investigations assist in diagnosing these patients.





[image: image]

Fig. 21.1 Kayser-Fleischer ring. Note the golden-brown full-circumference ring, thickest and most readily seen between the 11 o’clock and 1 o’clock positions of the cornea.








Parkinsonism


The initial feature of many basal ganglia diseases is slowness of movement (bradykinesia) and paucity or absence of movement (akinesias), often associated with rigidity and tremor (Jankovic, 2007a). Some authors have used the term hypokinesia to describe a reduction in amplitude of movement. The combination of slowness and poverty of movement and increase in muscle tone explain many parkinsonian symptoms. The term parkinsonism is used to describe a syndrome manifested by a combination of the following six cardinal features: (1) tremor at rest, (2) bradykinesia, (3) rigidity, (4) loss of postural reflexes, (5) flexed posture, and (6) freezing (motor blocks). A combination of these signs is the basis to clinically define definite, probable, and possible parkinsonism. Diagnosis of definite parkinsonism requires that at least two of these features must be present, with one of them being resting tremor or bradykinesia; probable parkinsonism consists of resting tremor or bradykinesia alone; and possible parkinsonism includes at least two of the remaining four features. The four major characteristics of parkinsonism account for most of the described clinical abnormalities: tremor, rigidity, akinesia, and postural disturbances (forming the acronym TRAP).


The most common cause of idiopathic parkinsonism (akinetic-rigid syndrome) is Parkinson disease (PD). As a result of advances in genetics, many forms of idiopathic parkinsonism have been found to result from mutations in specific genes, such as those coding for α-synuclein (SNCA gene), parkin (PARK2 gene), leucine-rich repeat kinase 2 (LRRK2 gene), or PTEN-induced putative kinase 1 (PINK1 gene) protein (Table 21.1). Whereas some of the gene mutations (e.g., SNCA) are very rare causes of parkinsonism, PARK2 mutations account for up to 50% of all patients with early-onset parkinsonism, and LRRK2 mutations may account for a large proportion of cases in selected populations (e.g., North Africans, Ashkenazi Jews) (Dawson et al., 2010; Gandhi and Wood, 2010). Although less than 10% of all patients with PD have a genetic mutation, clinicians must learn about these genetic forms of parkinsonism not only to understand the pathogenic mechanisms better but also to learn how to interpret and use the increasingly available gene tests for genetic counseling (Tan and Jankovic, 2006). Because PD is idiopathic by definition, the notion of multiple Parkinson diseases is a consideration to draw attention to the different genetic causes of idiopathic parkinsonism. Besides genetic causes, there are many other causes of pure parkinsonism and of parkinsonism combined with other neurological deficits (parkinsonism-plus syndromes) (Box 21.1).




Table 21.1 Genetic Causes of Parkinsonism
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Box 21.1 Classification of Parkinsonism







I. Parkinson disease



Parkinson disease—sporadic



Parkinson disease—hereditary (see Table 21.1)


II. Multisystem degenerations (“parkinsonism plus”)



Progressive supranuclear palsy



Multiple system atrophy (Shy-Drager syndrome):



MSA-P (striatonigral degeneration)



MSA-C (olivopontocerebellar atrophy)



Lytico-Bodig disease, or amyotrophic lateral sclerosis and parkinsonism-dementia complex of Guam



Corticobasal degeneration



Progressive pallidal atrophy



Parkinsonism-dementia complex



Pallidopyramidal disease


III. Heredodegenerative parkinsonism



Dopa-responsive dystonia



Huntington disease



Wilson disease



Hereditary ceruloplasmin deficiency



Neurodegeneration with brain iron accumulation (pantothenate kinase-associated neurodegeneration, also known as Hallervorden-Spatz disease)



Olivopontocerebellar and spinocerebellar atrophies, including Machado-Joseph disease



Frontotemporal dementia with parkinsonism (FTDP)



Gerstmann-Sträussler-Scheinker syndrome



Familial progressive subcortical gliosis



Lubag (X-linked dystonia-parkinsonism)



Familial basal ganglia calcification



Mitochondrial cytopathies with striatal necrosis



Ceroid lipofuscinosis



Familial parkinsonism with peripheral neuropathy



Parkinsonian-pyramidal syndrome



Neuroacanthocytosis



Hereditary hemochromatosis



Neuroferritinopathy



Aceruloplasminemia


IV. Secondary (acquired, symptomatic) parkinsonism



Infectious: postencephalitic, acquired immunodeficiency syndrome, subacute sclerosing panencephalitis, Creutzfeldt-Jakob disease, prion diseases



Drugs: dopamine receptor blocking drugs (antipsychotic, antiemetic drugs), reserpine, tetrabenazine, methyldopa, lithium, flunarizine, cinnarizine



Toxins: MPTP, carbon monoxide, manganese, mercury, carbon disulfide, cyanide, methanol, ethanol



Vascular: multi-infarct disease



Trauma: pugilistic encephalopathy disease



Other: parathyroid abnormalities, hypothyroidism, hepatocerebral degeneration, brain tumor, paraneoplastic, normal-pressure hydrocephalus, noncommunicating hydrocephalus, syringomesencephalia, hemiatrophy-hemiparkinsonism, peripherally induced tremor and parkinsonism, psychogenic












Motor Abnormalities


Early in the course of the disease, many patients with parkinsonism are unaware of any motor deficit. Often the patient’s spouse comments on a reduction in facial expression (often misinterpreted as depression), a reduction in arm swing while walking, and a slowing of activities of daily living, most notably dressing, feeding, and walking. The patient may then become aware of a reduction in manual dexterity, with slowness and clumsiness interfering with activities. PD is typically asymmetrical, especially early in the course. A painful shoulder is one of the most common early symptoms of incipient unilateral rigidity and bradykinesia. This symptom, probably related to decreased arm swing and secondary joint changes or shoulder muscle rigidity, is often misdiagnosed as bursitis, arthritis, or a rotator cuff disorder. All recreational and work tasks, household chores, and self-care functions eventually become impaired. Handwriting often becomes slower and smaller (micrographia), with speed and size decreasing as the task continues. Eventually the writing may become illegible. Use of eating utensils becomes difficult, chewing is laborious, and choking while swallowing may occur. If the latter is an early and prominent complaint, one must consider bulbar involvement in one of the parkinsonism-plus syndromes, such as progressive supranuclear palsy (PSP) and multiple system atrophy (MSA) (Stefanova et al., 2009; Williams and Lees, 2009) (Table 21.2). Dressing tasks such as fastening small buttons or getting arms into sleeves are often difficult. Hygiene becomes impaired. As with most other tasks, disability is greater if the dominant arm is more affected; shaving, brushing teeth, and other repetitive movements usually are affected the most.




Table 21.2 Parkinsonian Syndromes: Differential Diagnosis
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Speech becomes slurred and loses its volume (hypophonia), and as a result, patients often must repeat themselves. Like gait, speech may be festinating; that is, it gets faster and faster (tachyphemia). A large number of additional speech disturbances may occur, including stuttering and palilalia, involuntary repetition of a phrase with increasing rapidity. Early, pronounced voice changes often indicate a diagnosis other than PD (e.g., palilalia is more commonly a feature of PSP and MSA). A harsher, nasal quality of the voice, which is quite distinctive from the hypophonic monotone of PD, also suggests the diagnosis of PSP. A higher-pitched quivering, “whiny” voice may suggest MSA, especially if it is associated with frequent sighing, respiratory gasps, laryngeal stridor, and other respiratory problems (Mehanna and Jankovic, 2010).


Another problem related to impairment of bulbar function is excessive salivation and drooling. Initially this may occur only at night, but later it can be present throughout the day, at times necessitating the constant use of a tissue or handkerchief.


Getting in and out of a chair or car and climbing in and out of the bathtub cause problems; patients often switch to showering. Many patients misinterpret these difficulties as resulting from “weakness.” Generalized loss of energy and easy fatigability are also common complaints. Walking becomes slowed and shuffling, with flexion of the knees and a narrow base. When involvement is asymmetrical, one leg may drag behind the other. Stride then shortens, and turns include multiple steps (turning en bloc). Later, patients may note a tendency to advance more and more rapidly with shorter and shorter steps (festination), at times seemingly propelled forward with a secondary inadequate attempt to maintain the center of gravity over the legs. When this occurs, a nearby wall or an unobstructed fall may be the only method of stopping. Alternatively, the feet may seem glued to the floor, the so-called freezing phenomenon, or motor block. Early on, this is appreciated when the patient initiates walking (start hesitation), is turning (especially in an enclosed space), or attempts to walk through an enclosed area such as a doorway (an elevator door is a common precipitant). When combined with poor postural stability, prominent freezing results in the tendency to fall forward or to the side while turning. Later, impaired postural reflexes may cause falls without a propulsive or freezing precipitant. The early occurrence of falls suggests a diagnosis of PSP or other parkinsonian disorder rather than PD. Turning over in bed and adjusting the bedclothes often become difficult. Patients may have to sit up first and then turn, and later the spouse may have to help roll the person over or adjust position for comfort.









Cognitive, Autonomic, and Sensory Abnormalities


The complaints of patients with parkinsonism are not limited to the motor system, and a large variety of nonmotor symptoms, many of which are probably not directly related to dopaminergic deficiency, often emerge as the disease progresses. In many cases, they become more disabling than the classic motor problems (Lim et al., 2009) (see Table 21.2). Dementia occurs in a variety of parkinsonian syndromes (see Chapters 66 and 72). Depression is also a common problem, and patients often lose their assertiveness and become withdrawn, more passive, and less motivated to socialize. The term bradyphrenia describes the slowness of thought processes and inattentiveness often seen.


Complaints related to autonomic dysfunction are also common. In all parkinsonian syndromes, constipation is a common complaint and may become severe. However, fecal incontinence does not occur in PD unless the motor disability is such that the patient cannot maneuver to the bathroom, dementia is superimposed, or impaction has led to overflow incontinence. Bladder complaints such as frequency, nocturia, and the sensation of incomplete bladder emptying may occur. Urinary incontinence is especially suggestive of MSA. A mild to moderate degree of orthostatic hypotension is common in parkinsonian disorders, and antiparkinsonian drugs often aggravate the problem (see Chapter 71). If the autonomic features, particularly erectile dysfunction, sphincter problems, and orthostatic lightheadedness, occur early or become the dominant feature, one must consider the possibility of MSA (see Chapter 66). Impotence with early loss of nocturnal or morning erections and inability to maintain erection during intercourse is suggestive of MSA. The other symptom that may precede the onset of motor problems associated with several parkinsonian disorders, particularly PD, MSA, or dementia with Lewy bodies, is rapid eye movement (REM) sleep behavior disorder. One characteristic nonmotor feature of PD is excessive greasiness of the skin and seborrheic dermatitis, characteristically seen over the forehead, eyebrows, and malar area.


Visual complaints are usually not a prominent feature, with the following specific exceptions. In PD (and many other parkinsonian disorders), diplopia may occur during reading secondary to impaired convergence. Visual complaints sometimes occur in other parkinsonian disorders, particularly PSP (see Chapter 71). Oculogyric crises, which are sudden episodes of involuntary ocular deviation (most often up and to the side) in the absence of neuroleptic drug exposure, are virtually pathognomonic of parkinsonism after encephalitis lethargica, although they may occur in rare neurometabolic disorders as well. Sensory loss is not part of parkinsonism, although patients with PD may have poorly explained positive sensory complaints such as numbness and tingling, aching, and painful sensations that are sometimes quite disabling. Peripheral neuropathy suggests another disorder or an unrelated problem (e.g., diabetes mellitus), although recent evidence suggests a higher-than-expected incidence of peripheral neuropathy, possibly related to levodopa treatment and elevated methylmalonic acid levels (Toth et al., 2010).


Although a variety of neurophysiological and computer-based methods have been proposed to quantitate the severity of the various parkinsonian symptoms and signs, most studies rely on clinical rating scales, particularly the Unified Parkinson’s Disease Rating Scale (UPDRS), Hoehn and Yahr staging scale, and Schwab and England Activities of Daily Living Scale (Box 21.2). Non-demented patients can reliably self-administer and complete the historical section of the UPDRS, now available in a revised version referred to as the Movement Disorder Society (MDS)-UPDRS (www.movementdisorders.org). The revision clarifies some ambiguities and more adequately assesses the nonmotor features of PD, which are among the most disabling symptoms, particularly in more advanced stages of the disease (Goetz et al., 2008). Some clinical research studies supplement the UPDRS by a more objective timed test such as the Purdue Pegboard Test and movement and reaction times. Many scales, such as the Parkinson’s Disease Questionnaire-39 (PDQ-39) and the Parkinson’s Disease Quality of Life Questionnaire (PDQL), attempt to assess the overall quality of life (Jankovic, 2008).





Box 21.2 Unified Parkinson’s Disease Rating Scale (UPDRS) Definitions of 0–4 Scale






Mentation, Behavior, and Mood







1. Mentation



0=None.



1=Mild. Consistent forgetfulness with partial recollection of events and no other difficulties.



2=Moderate memory loss, with disorientation and moderate difficulty handling complex problems. Mild but definite impairment of function at home with need of occasional prompting.



3=Severe memory loss with disorientation to time and often place. Severe impairment in handling problems.



4=Severe memory loss with orientation preserved to person only. Unable to make judgments or solve problems. Needs much help with personal care. Cannot be left alone at all.


2. Thought disorder (caused by dementia or drug intoxication)



0=None.



1=Vivid dreaming.



2=“Benign.”



3=Occasional to frequent hallucinations or delusions, without insight, could interfere with daily activities.



4=Persistent hallucinations, delusions, or florid psychosis. Not able to care for self.


3. Depression



0=Not present.



1=Periods of sadness or guilt greater than normal, never sustained for days or weeks.



2=Sustained depression (1 week or more).



3=Sustained depression with vegetative symptoms (insomnia, anorexia, weight loss, loss of interest).



4=Sustained depression with vegetative symptoms and suicidal thoughts or intent.


4. Motivation and initiative



0=Normal.



1=Less assertive than usual; more passive.



2=Loss of initiative or disinterest in elective (nonroutine) activities.



3=Loss of initiative or disinterest in day-to-day (routine) activities.



4=Withdrawn, complete loss of motivation.












Activities of Daily Living







5. Speech



0=Normal.



1=Mildly affected. No difficulty being understood.



2=Moderately affected. Sometimes asked to repeat statements.



3=Severely affected. Frequently asked to repeat statements.



4=Unintelligible most of the time.


6. Salivation



0=Normal.



1=Slight but definite excess of saliva in mouth; may have nighttime drooling.



2=Moderately excessive saliva with some drooling.



3=Marked excess of saliva with some drooling.



4=Marked drooling, needs constant tissue or handkerchief.


7. Swallowing



0=Normal.



1=Rare choking.



2=Occasional choking.



3=Needs soft food.



4=Needs nasogastric tube or gastrostomy tube feeding.


8. Handwriting



0=Normal.



1=Slightly slow or small.



2=Moderately slow or small; all words are legible.



3=Severely affected; not all words are legible.



4=The majority of words are not legible.


9. Cutting food



0=Normal.



1=Somewhat slow and clumsy, but no help needed.



2=Can cut most food, although clumsy and slow; some help needed.



3=Food must be cut by someone, but can still feed slowly.



4=Needs to be fed.


10. Dressing



0=Normal.



1=Somewhat slow but no help needed.



2=Occasional assistance with buttoning, getting arms in sleeves.



3=Considerable help needed, but can do some things alone.



4=Helpless.


11. Hygiene



0=Normal.



1=Somewhat slow, but no help needed.



2=Needs help to shower or bathe, or very slow in hygienic care.



3=Needs assistance for washing, brushing teeth, combing hair, going to bathroom.



4=Foley catheter or other mechanical aids.


12. Turning in bed



0=Normal.



1=Somewhat slow and clumsy, but no help needed.



2=Can turn alone or adjust sheets, but with great difficulty.



3=Can initiate but not turn or adjust sheets alone.



4=Helpless.


13. Falling



0=Normal.



1=Rare falling.



2=Occasionally falls, less than once per day.



3=Falls an average of once daily.



4=Falls more than once daily.


14. Freezing



0=None.



1=Rare freezing when walking; may have start hesitation.



2=Occasional freezing when walking.



3=Frequent freezing; occasionally falls from freezing.



4=Frequent falls from freezing.


15. Walking



0=Normal.



1=Mild difficulty. May not swing arms or may tend to drag leg.



2=Moderate difficulty, but needs little or no assistance.



3=Severe disturbance of walking; needs assistance.



4=Cannot walk at all, even with assistance.


16. Tremor



0=Absent.



1=Slight and infrequently present.



2=Moderate; bothersome to patient.



3=Severe; interferes with many activities.



4=Marked; interferes with most activities.


17. Sensory symptoms



0=None.



1=Occasionally has numbness, tingling, or mild aching.



2=Frequently has numbness, tingling, or aching; not distressing.



3=Frequent painful sensations.



4=Excruciating pain.












Motor Examination







18. Speech



0=Normal.



1=Slight loss of expression, diction, or volume.



2=Monotone, slurred but understandable; moderately impaired.



3=Marked impairment; difficult to understand.



4=Unintelligible.


19. Facial expression



0=Normal.



1=Minimal hypomimia; could be normal (“poker face”).



2=Slight but definitely abnormal diminution of facial expression.



3=Moderate hypomimia; lips parted some of the time.



4=Masked or fixed facies with severe or complete loss of facial expression; lips parted one-fourth inch or more.


20. Tremor at rest



0=Absent.



1=Slight and infrequently present.



2=Mild in amplitude and persistent, or moderate in amplitude but only intermittently present.



3=Moderate in amplitude and present most of the time.



4=Marked in amplitude and present most of the time.


21. Action tremor



0=Absent.



1=Slight; present with action.



2=Moderate in amplitude; present with action.



3=Moderate in amplitude, with posture holdings as well as action.



4=Marked in amplitude; interferes with feeding.


22. Rigidity (judged on passive movement of major points with patient relaxed in sitting position; cogwheeling to be ignored)



0=Absent.



1=Slight or detectable only when activated by mirror or other movements.



2=Mild to moderate.



3=Marked, but full range of motion easily achieved.



4=Severe; range of motion achieved with difficulty.


23. Finger taps (patient taps thumb with index finger in rapid succession with widest amplitude possible, each hand separately)



0=Normal.



1=Mild slowing or reduction in amplitude.



2=Moderately impaired; definite and early fatiguing; may have occasional arrests in movement.



3=Severely impaired; frequent hesitation in initiating movements or arrests in ongoing movement.



4=Can barely perform the task.


24. Hand movements (patient opens and closes hands in rapid succession with widest amplitude possible, each hand separately)



0=Normal.



1=Mild slowing or reduction in amplitude.



2=Moderately impaired; definite and early fatiguing; may have occasional arrests in movement.



3=Severely impaired; frequent hesitation in initiating movements or arrests in ongoing movement.



4=Can barely perform the task.


25. Hand pronation-supination (pronation-supination movements of hands, vertically or horizontally, with as large an amplitude as possible, both hands simultaneously)



0=Normal.



1=Mild slowing or reduction in amplitude.



2=Moderately impaired; definite and early fatiguing; may have occasional arrests in movement.



3=Severely impaired; frequent hesitation in initiating movements or arrests in ongoing movement.



4=Can barely perform the task.


26. Leg agility (patient taps heel on ground in rapid succession, picking up entire leg; amplitude should be about 3 inches)



0=Normal.



1=Mild slowing or reduction in amplitude.



2=Moderately impaired; definite and early fatiguing; may have occasional arrests in movement.



3=Severely impaired; frequent hesitation in initiating movements or arrests in ongoing movement.



4=Can barely perform the task.


27. Arising from chair (patient attempts to arise from a straight back wooden or metal chair with arms folded across chest)



0=Normal.



1=Slow, or may need more than one attempt.



2=Pushes self up from arms of seat.



3=Tends to fall back and may have to try more than one time, but can get up without help.



4=Unable to arise without help.


28. Posture



0=Normal.



1=Not quite erect, slightly stooped posture; could be normal for older person.



2=Moderately stooped posture, definitely abnormal; can be slightly leaning to one side.



3=Severely stooped posture with kyphosis; can be moderately leaning to one side.



4=Marked flexion with extreme abnormality of posture.


29. Gait



0=Normal.



1=Walks slowly; may shuffle with short steps, but no festination or propulsion.



2=Walks with difficulty, but needs little or no assistance; may have some festination, short steps, or propulsion.



3=Severe gait disturbance necessitating assistance.



4=Cannot walk at all, even with assistance.


30. Postural stability (response to sudden posterior displacement produced by pull on shoulders while patient erect with eyes open and feet slightly apart. Patient is prepared.)



0=Normal.



1=Retropulsion, but recovers unaided.



2=Absence of postural response; would fall if not caught by examiner.



3=Very unstable; tends to lose balance spontaneously.



4=Unable to stand without assistance.


31. Body bradykinesia (combining slowness, hesitancy, decreased arm swing, small amplitude, and poverty of movement in general)



0=None.



1=Minimal slowness, giving movement a deliberate character; could be normal for some people; possibly reduced amplitude.



2=Mild degree of slowness, giving poverty of movement that is definitely abnormal; alternatively, some reduced amplitude.



3=Moderate slowness; poverty or small amplitude of movement.



4=Marked slowness; poverty or small amplitude of movement.












Complications of Therapy







Score these items to represent the status of the patient in the week before the examination.









Dyskinesias







32. Duration


What proportion of the waking day are dyskinesias present? (historical information)



0=None



1=1%-25% of day



2=26%-50% of day



3=51%-75% of day



4=76%-100% of day


33. Disability


How disabling are the dyskinesias? (historical information; may be modified by office examination)



0=Not disabling



1=Mildly disabling



2=Moderately disabling



3=Severely disabling



4=Completely disabling


34. Pain


How painful are the dyskinesias?



0=No painful dyskinesia



1=Slight



2=Moderate



3=Severe



4=Marked


35. Presence of early morning dystonia (historical information)



0=No



1=Yes












Clinical Fluctuations







36. “Offs” duration


What proportion of the waking day is the average duration of “offs” for the patient?



0=None



1=1%-25% of day



2=26%-50% of day



3=51%-75% of day



4=76%-100% of day


37. Are any medication?



0=No



1=Yes


38. Are any medication?



0=No



1=Yes


39. “Offs” sudden


Do any of the “off” periods come on suddenly (i.e., over a few seconds)?



0=No



1=Yes












Other Complications







40. Anorexia, nausea, vomiting


Does the patient have anorexia, nausea, or vomiting?



0=No



1=Yes


41. Sleep disturbances


Does the patient have any sleep disturbances (e.g., insomnia or hypersomnolence)?



0=No



1=Yes


42. Symptomatic orthostasis


Does the patient have symptomatic orthostasis?



0=No



1=Yes















Modified Hoehn and Yahr Staging







Stage 0 = No signs of disease


Stage I = Unilateral disease


Stage I.5 = Unilateral disease plus axial involvement


Stage II = Bilateral disease, without impairment of balance


Stage II.5 = Mild bilateral disease, with recovery on pull test


Stage III = Mild to moderate bilateral disease; some postural instability; physically independent


Stage IV = Severe disability; still able to walk or stand unassisted


Stage V = Wheelchair bound or bedridden unless aided












Modified Schwab and England Activities of Daily Living Scales







100%: Completely independent. Able to do all chores without slowness, difficulty, or impairment. Essentially normal. Unaware of any difficulty.


90%: Completely independent. Able to do all chores with some degree of slowness, difficulty, and impairment. Might take twice as long. Beginning to be aware of difficulty.


80%: Completely independent in most chores. Takes twice as long. Conscious difficulty and slowness.


70%: Not completely independent. More difficulty with some chores. Takes three to four times as long to perform some. Must spend a large part of the day on chores.


60%: Some dependency. Can do most chores, but exceedingly slowly and with much effort. Errors; some impossible.


50%: More dependent. Help with half of chores, slower, etc. Difficulty with everything.


40%: Very dependent. Can assist with all chores, but few periods alone.


30%: With effort, now and then does a few chores alone or begins alone. Much help needed.


20%: Nothing alone. Can be a slight help with some chores. Severe invalid periods.


10%: Totally dependent, helpless. Complete invalid.


0%: Vegetative. Functions such as swallowing, bladder, and bowel are not functioning. Bedridden.


















Onset and Course


As in other movement disorders, the age at onset of a parkinsonian syndrome is clearly important in considering a differential diagnosis. Although the majority of patients are adults, parkinsonism does occur in childhood (see Box 21.1). PD usually has a slow onset and very gradual progression (Jankovic, 2005). Generally, patients with early-onset PD and those with a tremor-dominant form tend to progress at a slower rate and are less likely to have an associated cognitive decline than those with postural instability and the gait difficulty form of PD. Other disorders (e.g., those due to toxins, cerebral anoxia, infarction) may present abruptly or progress more rapidly (resulting in so-called malignant parkinsonism) or may even improve spontaneously (e.g., those due to drugs, multiple infarcts, certain forms of encephalitis).









Examination and Clinical Signs


The diagnosis of parkinsonism often is immediately apparent on first contact with the patient. The facial expression, low-volume voice, tremor, poverty of movement, shuffling gait, and stooped posture provide an immediate and irrevocable first impression of parkinsonism. However, the physician must perform a detailed assessment, searching for any atypical features in attempting to distinguish between PD and other parkinsonian disorders. Loss of facial expression (hypomimia) often is an early sign of PD. But occasional patients have a wide-eyed, anxious, worried expression due to furrowing of the brow (“procerus sign”) and deep facial folds, which strongly suggests PSP. Blink frequency usually is reduced, although blepharoclonus (repetitive spasms of the lids on gentle eye closure) and reflex blepharospasm (e.g., precipitated by shining a light into the eyes or manipulating the lids) also may be seen. Spontaneous blepharospasm and apraxia of lid opening occur less often. Patients with apraxia of lid opening (not a true apraxia) often open their eyes using their hands, and once the eyes are fixated on an object, the eyelids remain open. Primitive reflexes, including the inability to inhibit blinking in response to tapping over the glabella (Myerson sign) and palmomental reflexes, are nonspecific and are commonly present in many parkinsonian disorders (Brodsky et al., 2004).


Various types of tremor, most notably resting and postural varieties, often accompany parkinsonian disorders. Patients should be observed with hands resting on their laps or thighs, and they should be instructed to hold their arms in an outstretched position or in a horizontal position with shoulders abducted, elbows flexed, and hands palms-down in front of their faces in the so-called wing-beating position. Resting tremor often reemerges after a period of quiescence in a new position (re-emergent tremor) (Jankovic, 2008). This re-emergent tremor may be wrongly attributed to postural tremor and lead to misdiagnosis as essential tremor. A true kinetic (intention) tremor, elicited by the finger-to-nose maneuver, is much less common in patients with PD and other parkinsonian disorders and usually indicates involvement of cerebellar connections. A jerky postural tremor indicative of additional myoclonus is suggestive of a diagnosis of MSA rather than PD. Head tremor (titubation) suggests a diagnosis other than PD, such as essential tremor, dystonic neck tremor, or a cerebellar tremor associated with the cerebellar form of MSA (MSA-C), spinocerebellar atrophy, or multiple sclerosis (MS).


Rigidity is an increase in muscle tone, usually equal in flexors and extensors and present throughout the passive range of movement. This contrasts with the distribution and velocity-dependent nature of spasticity. Paratonia (or Gegenhalten), on the other hand, increases with repetitive passive movement and attempts to get the patient to relax. It may be difficult to distinguish between milder forms of paratonia and rigidity, especially in the legs. Characteristically, the performance of voluntary movements in the opposite limb (e.g., opening and closing the fist or abduction-adduction of the shoulder) brings out rigidity, a phenomenon known as activated rigidity (Froment sign). Superimposed on the rigidity may be a tremor or cogwheel phenomenon. This, like the milder forms of rigidity, is better appreciated by placing one hand over the muscles being tested (e.g., placing the left thumb over the biceps and the remaining fingers over the triceps while flexing and extending the elbow with the right hand). The distribution of the rigidity sometimes is helpful in differential diagnosis. For example, pronounced nuchal rigidity with much less hypertonicity in the limbs suggests the diagnosis of PSP, whereas an extreme degree of unilateral arm rigidity or paratonia suggests corticobasal degeneration (CBD) or corticobasal syndrome (CBS). The latter term is suggested for cases diagnosed clinically, as only 24% of such cases have pathologically proven CBD (Ling et al., 2010).


Akinesia and bradykinesia are appreciable on examination in several ways. Automatic movements normally expressed in conversation, such as gesturing with hands while speaking, crossing and uncrossing the legs, and repositioning the body in the chair diminish or are absent. The performance of rapid, repetitive, and alternating movements such as finger tapping, opening and closing the fist, pronation-supination of the forearm, and foot tapping is slow, with a gradual reduction in amplitude and eventual cessation of movement (freezing). In addition to fatiguing, there may be hesitation in initiating movement and arrests in ongoing movement. The severely afflicted patient may be barely able to perform the task. There is a tendency for rapid repetitive movements to take on the frequency of an accompanying tremor. In such cases, instruct the patient to slow the movement and attempt to complete it voluntarily. Watching the patient write is an important part of the examination. Observation may reveal great slowness and effort, even in someone with minimal change in the size of the script. In addition to micrographia, writing and drawing show a tendency to fatigue, with a further reduction in size as the task proceeds and a concomitant action tremor.


Postural disturbances are common in parkinsonian disorders. The head usually tilts forward and the body becomes stooped, often with pronounced kyphosis and varying degrees of scoliosis (Ashour and Jankovic, 2006). The arms become flexed at the elbows and wrists, with varying postural deformities in the hands, the most common being flexion at the metacarpophalangeal joints and extension at the interphalangeal joints, with adduction of all the fingers and opposition of the thumb to the index finger (striatal hand). Flexion also occurs in the joints of the legs. Variable foot deformities occur, the most common being hammer toe–like disturbances in most of the toes, occasionally with extension of the great toe (striatal foot), which may be misinterpreted as an extensor plantar response. Initially, abnormal foot posturing may be induced by action, occurring only during walking or weight bearing. The flexed or simian posture sometimes is extreme, with severe flexion at the waist (camptocormia) (Azher and Jankovic, 2005; Jankovic, 2010). Some patients, particularly those with MSA, exhibit scoliosis or tilted posture (Pisa sign). Despite the truncal flexion, the position of the hands in patients with PD often remains above the beltline because of flexion of the elbows. Occasional patients remain upright or even demonstrate a hyperextended posture. Hyperextension of the neck is particularly suggestive of PSP, whereas extreme flexion of the neck (head drop or bent spine) suggests MSA but also PD.


Postural instability is characteristic of parkinsonian disorders, particularly the postural instability and gait difficulty forms of PD, PSP, and MSA. As patients rise from a sitting position, poor postural stability, slowness, narrow base, and not repositioning the feet often combine to cause them to fall back into the chair “in a lump.” PSP patients may “rocket” out of the chair inappropriately quickly, failing to recognize their inability to maintain stability on their feet. The PD patient may require several attempts, push off the arms of the chair, or need to be pulled up by an assistant. Gait disturbances in typical parkinsonism include lack of arm swing, shortened and later shuffling stride, freezing in the course of walking (especially at a door frame or when approaching a potential obstruction or a chair), and in more severe cases, propulsion and spontaneous falls (Jankovic, 2007a). In addition, walking often brings out or exacerbates a resting tremor. To assess postural instability, the physician performs the pull test. Standing behind the patient, the examiner pulls the patient backward by the shoulders (or by a hand on the sternum), carefully remaining close behind to prevent a fall. Once postural reflexes are impaired, there may be retropulsion or multiple backward steps in response to the postural perturbation. Later there is a tendency to fall en bloc without retropulsion or even normal attempts to recover or to cushion the fall.


In PD, the base of the gait is usually narrow, and tandem gait is performed well. When the gait is wide-based, a superimposed ataxia is a consideration, as is seen in MSA-C, although some of the spinocerebellar atrophies may present with parkinsonism and ataxia (see Chapter 72). Toe walking (cock-walk) is seen in some parkinsonian disorders (e.g., due to manganese poisoning), and a peculiar loping gait may indicate the rare patient with akinesia in the absence of rigidity, which may be one phenotype of PSP. The so-called magnetic foot, or marche à petits pas, of senility (also seen in multiple infarctions, Binswanger disease, and normal pressure hydrocephalus) more commonly results in a lower-body parkinsonism, typically associated with cerebrovascular disorders such as lacunar strokes. A striking discrepancy of involvement between the lower body and the upper limbs, with normal or even excessive arm swing, is an important clue to the diagnosis of vascular parkinsonism.









Differential Diagnosis


Although dementia commonly occurs in PD, this feature, particularly when present relatively early in the course, must alert the physician to other possible diagnoses (see Chapter 66), including the coincidental association of unrelated causes of cognitive decline (Galvin et al., 2006). Prominent eye movement disturbances are found in a number of conditions, including PSP, MSA-C, postencephalitic parkinsonism, and CBD. It is important to assess not only horizontal and vertical gaze (typically impaired in PSP) but also optokinetic nystagmus to note whether vertical saccadic eye movements (particularly as the optokinetic tape moves in upward direction) are impaired, as in PSP. The oculocephalic (doll’s eye) maneuver must be performed where ocular excursions are limited, seeking supportive evidence of supranuclear gaze palsy. Patients with PSP typically have trouble making eye contact because of disturbed visual refixation. As a result of persistence of visual fixation when PSP patients turn, their head turn lags behind their body turn. Obvious pyramidal tract dysfunction usually suggests diagnoses other than PD. An exaggerated grasp response indicates disturbance of the frontal lobes and the possibility of a concomitant dementing process. Occasionally a pronounced flexed posture in the hand may be confused with a grasp reflex, and the examiner must be convinced that there is active contraction in response to stroking of the palm. The abnormalities of rapid, repetitive, and alternating movements described earlier can be confused with the clumsy awkward performance of limb-kinetic apraxia (Zadikoff and Lang, 2005). More importantly, the abnormalities in performance of repetitive movement must not be confused with the disruption of rate, rhythm, and force typical of the dysdiadochokinesia of cerebellar disease. A helpful maneuver in testing for the presence of associated cerebellar dysfunction is to have the patient tap with the index finger on a hard surface. Watching and, in particular, listening to the tapping often allows a distinction to be made between the slowness and decrementing response of parkinsonism and the irregular rate and force of cerebellar ataxia. Testing for ideomotor apraxia, as seen in CBS, should also be performed by asking the patient to mimic certain hand gestures (intransitive tasks) such as the “victory sign” or the University of Texas “hook ’em horns sign” (extension of the second and fifth finger and flexion of the third and fourth finger) or to simulate certain activities (transitive tasks [using a tool or utensil]) such as brushing teeth and combing hair. However, in the later stages of many parkinsonian disorders, rigidity and other motor disturbances may make results of these tests difficult to interpret. In PD or MSA, the less affected limb may show mirror movements as the patient attempts to perform rapid repetitive or alternating movements with the most affected limb (Espay et al., 2005). On the other hand, in CBS, the most affected limb may mirror movements performed in the less affected limb. Some patients with parkinsonism and frontal lobe involvement exhibit signs of perseveration such as the applause sign, manifested by persistence of clapping after instructing the patient to clap consecutively three times as quickly as possible. Although initially thought to be characteristic of PSP, it is also present in some patients with other parkinsonian disorders (Wu et al., 2008).


The presence of other abnormal movements in an untreated patient may indicate a diagnosis other than PD. Seek stimulus-sensitive myoclonus by using light touch or pinprick in the digits and the proximal palm or the sole of the foot. Easily elicited and nonfatiguing myoclonic jerks in response to these stimuli may be seen not only in patients with CBS and MSA but also in patients with PD and dementia.


Despite a variety of sensory complaints, patients with PD do not show prominent abnormalities on the sensory examination, aside from the normal increase in vibration threshold that occurs with age. Cortical sensory disturbances suggest a diagnosis of CBS. Wasting and muscle weakness are not characteristic of PD, although later in the course of the disease, severely disabled patients show disuse atrophy and severe problems in initiating and maintaining muscle activation that are often difficult to separate from true weakness. Combinations of upper and lower motor neuron weakness occur in several other parkinsonian disorders (see Table 21.2).


Assess autonomic function. At the bedside, this includes an evaluation of orthostatic changes in blood pressure and pulse (in supine position and at least 3 minutes after standing) and, in appropriate circumstances, the patient’s response to the Valsalva maneuver, mental arithmetic, and the cold pressor test, among others. Finally, perform sequential examinations over time, carefully searching for the development of additional findings that may provide a clue to the diagnosis. Several parkinsonian syndromes present initially as pure parkinsonism; only later with disease progression do other signs develop.












Tremor


Tremor is rhythmic oscillation of a body part, produced by either alternating or synchronous contractions of reciprocally innervated antagonistic muscles. Tremors usually have a fixed frequency, although the rate may appear irregular. The amplitude of the tremor can vary widely, depending on both physiological and psychological factors. The basis of further categorization is the position, posture, and motor performance necessary to elicit it. A rest tremor occurs with the body part in complete repose, although when a patient totally relaxes or sleeps, this tremor usually disappears. Maintenance of a posture, such as extending the arms parallel to the floor, reveals a postural tremor; moving the body part to and from a target brings out an intention tremor. The use of other descriptive categories has caused some confusion in tremor terminology. Action tremor has been used for both postural and kinetic (also known as intention) tremors. Whereas a kinetic tremor is present throughout goal-directed movement, the term terminal tremor applies to the component of kinetic tremor that exaggerates when approaching the target. Ataxic tremor refers to a combination of kinetic tremor plus limb ataxia. Box 21.3 provides a list of differential diagnoses for the three major categories of tremor and other rhythmic movements that occasionally are confused with tremor.





Box 21.3 Classification and Differential Diagnosis of Tremor






Resting Tremors







PD


Other parkinsonian syndromes (less common)


Midbrain (rubral) tremor (Holmes tremor): rest < postural < intention


WD (also acquired hepatocerebral degeneration)


Essential tremor












Postural Tremors







Physiological tremor


Exaggerated physiological tremor; these factors can also aggravate other forms of tremor:



Stress, fatigue, anxiety, emotion



Endocrine: hypoglycemia, thyrotoxicosis, pheochromocytoma



Drugs and toxins: adrenocorticosteroids, β-agonists, dopamine agonists, amphetamines, lithium, tricyclic antidepressants, neuroleptics, theophylline, caffeine, valproic acid, alcohol withdrawal, mercury (“hatter’s shakes”), lead, arsenic, others


Essential tremor (familial or sporadic)


Primary writing tremor and other task-specific tremors


Orthostatic tremor


With other CNS disorders:



PD (postural tremor, re-emergent tremor, associated essential tremor)



Other akinetic-rigid syndromes



Idiopathic dystonia, including focal dystonias


With peripheral neuropathy:



Charcot-Marie-Tooth disease (called the Roussy-Levy syndrome)



Other peripheral neuropathies


Cerebellar tremor



Intention tremors


Diseases of cerebellar outflow (dentate nuclei, interpositus nuclei, or both, and superior cerebellar peduncle):



MS, trauma, tumor, vascular disease, WD, acquired hepatocerebral degeneration, drugs, toxins (e.g., mercury), others


Miscellaneous rhythmic movement disorders


Psychogenic tremor


Rhythmic movements in dystonia (dystonic tremor, myorrhythmia)


Rhythmic myoclonus (segmental myoclonus, e.g., palatal or branchial myoclonus, spinal myoclonus), myorrhythmia


Oscillatory myoclonus


Asterixis


Clonus


Epilepsia partialis continua


Hereditary chin quivering


Spasmus nutans


Head bobbing with third ventricular cysts


Nystagmus





CNS, Central nervous system; MS, Multiple sclerosis; PD, Parkinson disease; WD, Wilson disease.












Common Symptoms


A description of symptoms occurs under the various categories of tremor. All people have a normal or physiological tremor demonstrable with sensitive recording devices. Two common pathological tremor disorders that are often confused are parkinsonian rest tremor and essential tremor. Although Chapter 71 discusses both conditions in detail, we discuss helpful distinguishing points here in view of the frequency of misdiagnosis.






Rest Tremor


A rest tremor occurs with the body part in complete repose and often dampens or subsides entirely with action. For this reason, patients with pure rest tremor experience greater social embarrassment than functional disability. Indeed, in some cases it is a family member or friend who first observes the tremor, which is noticeable to the patient only later. Alternatively, some patients complain of the sensation of trembling inside long before a rest tremor becomes overt. Early on, rest tremor may be intermittent and often precipitated only by anxiety or stress. The onset of most types of tremor is in the arms, often beginning asymmetrically. In the face, rest tremor usually affects the lips and jaw, and the patient may note a rhythmic clicking of the teeth. In the limbs, the tremor usually is most distally in the fingers (pill rolling) or may manifest by flexion-extension or a supination-pronation, oscillatory movement of the wrist and forearm, and flexion-extension movement of the ankle. In severe forms, it may be present more proximally, causing the entire body to shake. The presence of head tremor (titubation) should raise the possibility of essential tremor or of dystonic tremor associated with cervical dystonia or cerebellar outflow tremor, as is seen in patients with MS or posterior fossa disorders. Tremor in the legs, and especially in the feet while sitting, is usually caused by parkinsonian rest tremor. A history of progression from unilateral arm tremor to additional involvement of the ipsilateral leg suggests parkinsonism rather than essential tremor. Once the tremor has become noticeable to the patient, a variety of methods are used to conceal the movement, such as holding one hand with the other, sitting on the affected hand, or crossing the legs to dampen a tremulous lower limb. Many patients find that they can briefly abort the tremor.









Postural Tremor


In contrast to a pure rest tremor, postural tremors, especially with pronounced terminal accentuation, can result in significant disability. Many such patients are mistaken as having “bad nerves.” People who perform delicate work with their hands (e.g., jewelers, surgeons) become aware of this form of tremor earlier than most. The average person usually first appreciates tremor in the acts of feeding and writing. Carrying a cup of liquid, pouring, or eating with a spoon often brings out the tremor. Writing is tremulous and sloppy, questioning the patient’s signature on a check. The voice may be involved in essential tremor. Again, anxiety and stress worsen the tremor, and patients often notice that their symptoms are especially bad in public. The most common cause of postural tremor seen in movement disorders clinics is essential tremor (Jankovic, 2009).


Patients often adopt compensatory mechanisms to lessen the disability caused by tremor. Many give up certain tasks such as serving drinks and eating specific foods (e.g., soup), especially in public. When the tremor is very asymmetrical, patients often switch to using the less-affected hand for many tasks, including writing. Bringing a cup to the mouth becomes difficult; later, a straw is required. When writing, patients may use the other hand to steady the paper or the writing hand itself. Patients often switch from cursive to print, and the use of heavier or thicker writing instruments sometimes makes the script more legible. In some patients with parkinsonian disorders and severe rest tremor, the tremor may also be present while the patient holds an outstretched or wing-beating posture. This tremor usually occurs after a latency of several seconds, hence the term re-emergent tremor; in contrast, in essential tremor the tremor is evident immediately on taking up a new posture.
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control
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psychosts, withdrawal alternative psychoses
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antidepressive
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