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Foreword


Neurologic problems are among the most frequent encountered in medicine. The trainee in neurology, whether a medical student or resident, often has difficulty in fully grasping the subject, in part because of the complexities of the anatomy and physiology involved and in part also because of the mystery that still enshrouds the brain. The amazing advances made in the neurosciences over the past quarter century have, on the one hand, helped the clinician in the management of individual patients and, on the other hand, increased wonder about the elegance of cerebral function. The current edition is intended as a resource to aid students endeavoring to understand neurology and to keep up with advances in the field.


Netter’s Neurology was first published in 2005 and met with immediate acceptance. Edited by H. Royden Jones, Jr., a clinical professor of neurology at Harvard Medical School, holder of the Jaime Ortiz-Patino chair in neurology at the Lahey Clinic, and one of the outstanding clinical neurologists of his generation, the book presented a concise account of the subject, illustrated by the renowned medical artwork of Frank Netter and others. Rapid advances in the field have underscored the need for a second edition of the book, however, and it is with especial pleasure that I welcome its publication.


The new edition is broader in scope than the earlier one, but improved design and an alteration in trim size have reduced the overall number of pages. Every chapter has been updated and many have been rewritten almost completely to incorporate the accumulated wisdom of recent years and provide more details on treatment. They contain numerous clinical vignettes exemplifying important points, such as clues to the site of the lesion, the features characterizing the typical course of a particular disorder, the investigative approach to clarify the likely diagnosis, and the optimal management plan. These vignettes focus the attention of readers on details that might otherwise be overlooked and help to make the volume clinically relevant, a feature that medical students will find particularly appealing. The artwork, too, has been updated, benefitting from the advances in neuroimaging in recent years. The illustrations, and particularly the rich color plates that made Frank Netter the premier medical artist of his time, help to convey to the reader an understanding of clinical neurology and its scientific underpinnings that it is hard to obtain with such facility elsewhere.


Dr. H. Royden Jones, the editor, is joined by three co-editors for this new edition. The authors of the individual chapters are drawn from the current or former staff of the Lahey Clinic, and many are former trainees of the senior editor. They are rich in clinical experience, and this is reflected in the text, where a practical approach to the evaluation and management of neurologic disorders is described with enviable clarity.


Readers will benefit greatly from this account of clinical neurology with its clear, flowing prose, amplified by the remarkably beautiful artwork contained within the volume. Together, the text and artwork will give students a firm grasp of the fundamentals of the subject. I congratulate the editors on their achievement in producing such an important addition to the medical literature.




Michael J. Aminoff, MD, DSc, FRCP, Distinguished Professor of Neurology
University of California, San Francisco












Preface


The second edition of Netter’s Neurology speaks to the perpetuity of Frank Netter’s incomparable artistic genius and educational vision. During my first year at Northwestern University Medical School we were forewarned as to how difficult the introductory neuroanatomy course was going to be, “the toughest one” that we would face. A few upperclassmen told me to purchase the Netter Atlas of Neurosciences and it would all fall into place. Indeed it did, and I became interested in a career in neurology. However, in 1960 when I discussed the possibility of a neurologic career with Northwestern’s chairman of their combined psychiatry and neurology department, he told me that one could not make a living as a neurologist; instead I would need to eventually primarily practice Freudian psychiatry while just dabbling in neurology! That was not for me. A few years later my internal medicine residency at Mayo required 3 months of neurology; this was so interesting and intellectually challenging that I switched my career plans to neurology and gave up plans to become a cardiologist.


Having continued to be impressed with Dr. Netter’s skillful renditions of many medical subjects, as presented in his semimonthly Ciba Symposia, some years later I enquired at an AMA meeting, where these were on display, as to whether he might have interest in illustrating the various mononeuropathies. Never did I think this suggestion would be transmitted directly to Dr. Netter. However, less than a year later, in 1982, I received a letter from him asking me to elaborate my ideas. I soon found myself visiting Dr. Netter at his new studio in Palm Beach. This was an undreamed of opportunity, especially as one of my hobbies includes rather amateur attempts at oil and water color painting. After a few visits with Frank, who was a very gracious and kind gentleman, he asked me to help him revise his Neurologic and Neuromuscular Disorders of his two-volume Netter Nervous System atlas, the very one that had so impressed me during my first-year neuroanatomy course. We spent many 3-day weekends together as he listened to my ideas as to how best illustrate each subject. The typical Netter day began in his studio at 7 AM … Frank always had a cigar going, and in self-defense I kept a pipe well stoked. With much help from some dear colleagues, this was published in 1986.


We planned to update this text every 6 to 8 years; however, with Frank’s death in 1991 and Ciba Pharmaceutical’s merging into Novartis, ongoing revisions seemed to be relegated to the publishing tundra. Much to my delight in 2000 Icon Publishers contacted me after they had purchased the rights to use the Netter paintings. Their vision led to the development of a number of more traditional, specialty oriented textbooks, and I had the honor of editing the first neurology edition in this more classic format.


Now 52 years after my introduction to Dr. Netter’s artwork, we are finishing my third text utilizing his magnificent paintings and are already proceeding to a new edition of his Neurosciences atlas. On this occasion I have asked three colleagues to co-edit this volume with me. My dear friend, Richard Baker, a highly esteemed clinical neuroradiologist, has provided the neuroradiologic images for both of our earlier Netter texts. Concomitantly I recruited two outstanding younger Lahey colleagues, Jayashri Srinivasan and Gregory Allam, as our other co-editors. Both are master clinicians who are highly respected for their clinical acumen and teaching abilities. It has been an honor to work with both of them for more than a decade. As with the first edition of Netter’s Neurology all of the authors have a Lahey Clinic heritage either as a current staff member, a former fellow, or former staff. This seemingly parochial approach has allowed us to minimize duplication and, more important, ensure the reader that what is discussed herein represents the latest approach to the patient with a clinical neurologic problem.


As Frank Netter often stated to me “a picture is worth a thousand words.” Indeed they are, and his magnificent plates provide the foundation for this monograph. However, when conceiving the overall format for the first edition of Netter’s Neurology it was very important for me not only to include an overview of a neurologic condition but also to use clinical case vignettes, particularly since these are my most effective means of teaching. Case-based methodologies are currently used at a number of medical schools; we have aimed this volume to complement such for both the undergraduate medical student as well as residents. My first neuroscience teachers at Northwestern very effectively used patient presentations to bring life to the complexities of basic neurologic anatomy and physiology. This didactic approach was very well received by the beginning student and resident alike in the first edition of Netter’s Neurology. We also think that the practicing clinical neurologist will find this combination of basic anatomy and clinical neurology to be a refreshing alternative to the various forms of clinical review now available for our required recertification process. Concomitantly my co-editors and I hope that the internal medical resident and the general internist will find the blending of Netter paintings with clinical medicine to be similarly useful.


Every chapter in this second edition has been carefully reviewed and in most instances significantly rewritten. The total number of chapters was reduced, as we combined some subjects into one broader area. Many new vignettes have been added, and in a number of instances we replaced some of those in the first edition. The plates have a number of new MR images, and some are reedited in their entirety. New plates have also been added. Elsevier has changed the overall format to a standard text size that provides a slimmer volume. As in the first edition this is not a source for specific pharmacologic dosing, as such is an ever evolving standard. We are excited to be able to present this volume and are particularly pleased to be able to take advantage of the many publishing attributes that the Elsevier/Saunders staff brings to the table.




H. Royden Jones, Jr., MD





June 5, 2011
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Section I


Initial Clinical Evaluation










1 Clinical Neurologic Evaluation




H. Royden Jones, Jr., Kinan Hreib





The neurologic sciences are the most intellectually challenging, unequivocally fascinating, and tremendously stimulating of the various clinical disciplines. Initially, the vast intricacies of basic neuroanatomy and neurophysiology often seem overwhelming to both medical student and neuroscience resident alike. However, eventually the various portions of this immense knowledge base come together in a discernible pattern, not unlike a Seurat canvas. Often one is expanding or revisiting our neurologic base as we are challenged by variations on the theme of our previous experiences. It is the keen observation and coding of these clinical experiences that leads the astute neurologic physician to solve new patient challenges.


One must first and foremost be an astute historian initially listening very carefully to the patient. Most often the intricacies, as well as the subtleties, of the neurologic history provide the essential foundation leading to a rational and structured neurologic examination as well as the appropriate diagnostic testing. Although it is easy to define the requisite methodology to examine the neurologic patient, it is much more challenging to similarly address the history acquisition other than making a few generalities. One of the most important elements of neurologic training is the opportunity for the student and the resident to observe senior neurologists evaluate a patient. As a resident, this was absolutely one of our most important learning experiences. Too often the student does not appreciate the elegance illustrated by a carefully derived neurologic clinical history. A major attribute of a skillful and successful neurologist is being an astute listener. This requires the neurologist to bring together various seemingly disparate and subtle data from the patient’s various concerns and then focus on this information with specific questions to decide on its relevance to the issues at hand. Understanding the temporal profile of the patient’s symptoms is crucial; were the symptoms’ onset acute and stable or have they followed an ingravescent course? Very often, this information provides a most important perspective that is one of the very important keys to diagnosis.






Clinical Vignette


A 42-year-old woman with juvenile autoimmune diabetes mellitus came for further investigation of her extremely painful neuropathy initially presumed secondary to diabetes, or possibly to recent chemotherapy for breast cancer. However, her temporal profile was the final clue to her diagnosis. On careful review of the onset of her symptoms, it was found that she had never had the slightest hint of intolerable paresthesiae until awakening from her mastectomy. Her pain had begun precipitously in the recovery room. It was steady from its inception and totally incapacitating in this previously vigorous woman whose favorite pastime was backpacking in mountainous national forests. This temporal profile was in total contradistinction to any symmetric diabetic or antineoplastic chemotherapy-related polyneuropathy. These disorders always have a clinical course of a subtle onset and very gradual evolution.


With this information, we investigated what transpired at the time of her breast surgery when she awakened with this extremely limiting painful neuropathy. In fact, she had had a general anesthetic with nitrous oxide (N2O) induction. This N2O uncovered a second autoimmune disorder, namely vitamin B12 deficiency. The anesthetic had precipitously led to symptoms in this previously clinically silent process. Fortunately, vitamin B12 replacement led to total resolution of her symptoms.


Comment: In this instance, her initial physicians had let themselves be trapped by what was familiar to them because diabetes is the most common cause for a painful neuropathy. However, only rarely does it lead to a precipitous onset of symptoms. The fine-tuning of this patient’s temporal profile, especially the abrupt onset of symptoms, led us to seek a more detailed history as to whether some toxic process was operative. Review of the operative records per se led to the diagnosis when the suspicion of nitrous oxide intoxication was confirmed.





Most neurologic disorders follow a well-defined clinical paradigm. However, it is their very broad clinical perspective that continually challenges the astute neurologic clinician to maintain a vigilant intellectual posture. When these specific clinical subtleties are appreciated, the clinician is rewarded with the knowledge of having done the very best for his or her patient as well as having the intellectual rewards for being on the cutting edge of the clinical neurosciences. The skillful clinician, taking a very careful history, is the one most able to recognize the attributes of something quite uncommon presenting in a fashion more easily confused with more mundane afflictions.


For example, numbness or tingling in a patient’s hand most commonly represents entrapment of the median nerve at the wrist, reflecting the presence of a very common disorder known as the carpal tunnel syndrome. However symptoms of this type may occasionally represent early signs of a pathologic lesion at the level of the brachial plexus, nerve root, spinal cord, or brain per se. It is imperative for the clinician to always consider a broad anatomic perspective in each patient evaluation. When this approach is not carefully followed, less common, and potentially treatable disorders may not be diagnosed in a timely fashion. It is absolutely imperative that no compromise be made in obtaining a thorough and accurate history when first meeting the patient. This is the most important interchange the physician will have. It needs to be taken in a relaxed, hopefully noninterrupted setting allowing for privacy. Additionally, it is very important to invite the spouse, parent, or significant other into the room. Rarely will a patient object to same; having another close observer of a patient’s difficulties available can provide insight that may be essential to diagnosis. A thorough initial evaluation engenders a patient-family sense of trust in the physician as a detailed history, with a careful examination demonstrates a major commitment. Once developed, this clinical setting encourages the patient to communicate openly with their physician as they outline their diagnostic plans and eventually a treatment formulation. This chapter provides a foundation that will serve as an anchor for both the student and resident as they learn the art and science of the performance of detailed neurologic evaluations.






Neurologic History and Examination


An accurate history requires paying attention to detail, often observing the patient’s demeanor while reading the patient’s body language, having the opportunity to witness the patient’s difficulties, and interviewing family members. History taking is a special art and science in its own right. It is a skill that requires ongoing additions to one’s own interviewing techniques. Listening to the patient is a most important part of this exercise; it is something that can be more time consuming than current clinical practice “time allowed guidelines” provide for within various patient settings. This approach provides the diagnostic keystone that often distinguishes an astute clinician’s ability to find a diagnosis where others have failed.


A complete neurologic examination also requires carefully honed acquired skills. For example, the ability to decide whether the patient is truly weak and not giving way, or similarly does or does not have a Babinski sign present, often makes the difference between arriving at a correct diagnosis. The ability to define a sensory loss at a spinal cord level is another very crucial exercise.


One of the most challenging clinical scenarios occurs with the patient who has already seen another clinical neurologist and no diagnosis has been made. The patient is frustrated, as often was his or her prior neurologist. To be fair to the patient, as well as oneself, when evaluating such an individual seeking another neurologic opinion it is important to gain one’s own initial and totally unbiased history and examination. Furthermore, in order to prevent unwelcome bias, the new neurologist should avoid reading other colleagues’ notes or looking at previous neurologic images prior to gaining his or her own history and performing the examinations.


Although time-consuming, the history is the most important factor leading to accurate diagnoses. One of the essential attributes of a skillful neurologist is the ability to be a good listener so as not to miss crucial historic points. It is important to begin the initial meeting by asking patients why they have come; this offers them the opportunity to express concerns in their own words. If at all possible, the neurologist should not interrupt, thus providing the patient the opportunity to provide their primary concerns to the neurologist, emphasizing the symptoms of greatest importance. Rarely, anxious or compulsive patients may speak of their concerns at great length; with experience, physicians learn to make discreet interjections to maintain control of the evaluation and draw the patient back from extraneous tangents.


When the patient’s primary concerns are established, specific issues can be explored. Additionally, making careful observations during the review of history allows better focus for subsequent questions. An accurate baseline assessment of mental status and language can be obtained from listening to the patient and observing responses to questions. It is through listening that the clinician gains insight into the patient’s real concerns. For example, it is not unusual to see a patient referred to a neurologist for evaluation of headaches, which only became exacerbated with the recent discovery of a brain tumor in someone known to the patient.


Unfortunately, the economics of modern health care has forced primary care physicians and specialists to shorten visit times with patients and their families. One must be fastidious not to use diagnostic tools, such as magnetic resonance imaging (MRI), as substitutes for careful clinical history and examination. The current detailed medical information available on the Internet, in conjunction with a more sophisticated basic health education environment, has indeed enhanced patients’ knowledge bases, although not always in a balanced format. Patient expectations sometimes affect the diagnostic approach of physicians. In this environment, it is not surprising that imaging techniques such as MRI and computed tomography (CT) have replaced or supplemented a significant portion of clinical judgment. However, even the most dramatic test findings may prove irrelevant without appropriate clinical correlation. To have patients unnecessarily undergo surgery because of MRI findings that have no relation to their complaints may lead to a tragic outcome. Therein lies the importance of gaining a complete understanding of the clinical issues.


Although neurology may seem in danger of being subsumed by overreliance on highly sophisticated diagnostic studies, this needs to be kept in perspective as many of these innovations have greatly improved our diagnostic skills and therapeutic capacities. For example, much knowledge regarding the early recognition, progression, and response to treatment of multiple sclerosis (MS) depends on careful MRI imaging.


It is essential to make patients feel comfortable in the office, particularly by fostering a positive interpersonal relationship. Taking time to ask about patients’ lives, education, and social habits often provides useful clues. A careful set of questions providing a general review of systems may lead to the key diagnostic clue that focuses the evaluation. When the patient develops a sense of confidence and rapport with an empathetic physician, he or she is more willing to return for follow-up, even if a diagnosis is not made at the initial evaluation. Sometimes a careful second or third examination reveals a crucial historic or examination difference that leads to a specific diagnosis. Follow-up visits also allow the patient and physician to have another conversation regarding the symptoms and concerns. Some patients may come to their first office visit with an exhaustive list of concerns and symptoms, whereas others provide minimal information. Subsequent visits are therefore intended not only to discuss the results of tests but also to clarify the symptoms and or response to treatment. If patients feel rushed on their first visit, they may not return for follow-up, thus denying the neurologist a chance at crucial diagnostic observations. The physician–patient relationship must always be carefully nurtured and highly respected.









Approach to the Neurologic Evaluation


Throughout training, examination skills are continually being amplified as the resident is exposed to an ever-evolving clinical experience. One of the most important is the opportunity to observe the varied skill sets demonstrated by academic neurologists as they approach different types of patients. One of the essentials for appropriate interpretation of the neurologic patient evaluation is learning how to elicit important, sometimes subtle, clues to diagnosis; an appreciation of what is “normal” at different ages is also important. A hasty history and examination can be misleading. For example, briskly preserved ankle reflexes in an elderly patient is not normal, whereas moderately diminished vibration sense is normal at the ankles. For example, a diagnosis of early MS may be missed by not asking about such things as previous problems with visual function, shooting electric paresthesiae when bending the neck (Lhermitte sign), or sphincter problems manifested by increasing urgency to urinate.


Even though carpal tunnel syndrome is the most common cause for a patient to experience a numb hand, one must always be fastidious not to overlook other potential patho-anatomic sites, such as within the peripheral nervous system at the level of the more proximal median nerve, the brachial plexus, or the cervical nerve root. In another instance, the failure to undress a patient whom one suspects to have a presumably benign cause for a numb hand, that is, carpal tunnel syndrome, may preclude the examining physician from recognizing the presence of an unexpected positive Babinski response indicative of a central nervous system (CNS) lesion. Similarly, identifying a sensory level is indicative of a myelopathy as the pathophysiologic explanation for the patient’s numb hand. Lastly the finding that the sensory loss in the fingers primarily involves position sense and stereognosis becomes the entre to examine the cerebral cortex as the site for these complaints.


Another important outcome from performing a complete neurologic examination at the initial evaluation in almost every patient is that this not only establishes the patient’s current status but will provide a baseline for future comparison. There are certain “normal” asymmetries in many individuals, often not previously appreciated by the patient per se or his or her relatives. These may include a patient’s slightly asymmetric smile, somewhat irregular pupils, or hint of ptosis. However, at times such findings do take on significant meaning. As an example, a middle-aged woman was thought to have benign tension headaches. This was based on a “normal” neurologic exam elsewhere. However she had an asymmetric smile that previously had not been appreciated. Imaging studies identified a frontal lobe tumor contralateral to her weakness. Thus, the careful observation of seemingly subtle clinical findings may prove to have significant bearing on the issue at hand. Even when these findings are proven to be “normal variants,” clear documentation may often be very helpful during the course of the patient’s illness or later on when new concerns occur. In that setting, the prior definition of what proves to be a normal asymmetry will prevent erroneous conclusions from being developed.






Formulation


One of the most intellectually challenging aspects of neurology relates to the neurologist’s ability to amalgamate the historical and physical findings into a unitary hypothesis. One needs to first consider the multiple neuroanatomic sites that can potentially explain the patient’s clinical presentation. Subsequently, this is placed in the perspective of the clinical temporal profile of symptom occurrence. Did all of the patient’s symptoms begin abruptly, as usually seen with a stroke but sometimes with a tumor or demyelinating process? Or was there an evolution of degree of clinical loss or did new features gradually get added to the patient’s findings as is characteristic of certain neoplastic lesions and sometimes more diffuse vasculitides. Formulation can be hindered by the patient’s inability to provide an accurate history or participate in the neurologic examination. One of the more subtle and difficult conditions to recognize is anosognosia to one’s illness, as may occur in patients with right parietal brain injury. Under these circumstances, the patient may not have sensory, visual, or motor neglect, but unawareness of cognitive, emotional, and other functional limitations. Family interview is most important in this setting.









Overview and Basic Tenets


The neurologic examination begins the moment the patients get out of their seat to be greeted, the character of their smile or lack thereof, and subsequently as they walk to enter the neurologist’s office. An excellent opportunity to judge the patient’s language function and cognitive abilities occurs during the acquisition of the patient’s history. Concurrently, the neurologist is always attuned to carefully making observations in order to identify various clinical signs. Some are overt movements (tremors, restlessness, dystonia or dyskinesia); others are subtler, e.g., vitiligo, implying a potential for a neurologic autoimmune disorder. Equally important may be the lack of normal movements, as seen in patients with Parkinson disease. By the time the neurologist completes the examination, she or he must be able to categorize and organize these historical and examination findings into a carefully structured diagnostic formulation.


The subsequent definition of the formal examination may be subdivided into a few major sections. Speech and language are assessed during the history taking. The cognitive part of the examination is often clearly defined with the initial history and often does not require formal mental status testing. However there are a number of clinical neurologic settings where this evaluation is very time consuming and complicated; Chapter 2 is dedicated to this aspect of the patient evaluation. However, when there is no clinical suspicion of either a cognitive or language dysfunction, these more formal testing modalities are not specifically required.


Here the multisystem neurologic examination provides a careful basis for most essential clinical evaluations. Neurologists in training and their colleagues in practice cannot expect to test all possible cognitive elements in each patient that they evaluate. Certain basic elements are required; most of these are readily observable or elicited during initial clinical evaluation. These include documentation of language function, affect, concentration, orientation, and memory. When concerned about the patient’s cognitive abilities, the neurologist must elicit evidence of an apraxia or agnosia and test organizational skills. Once language and cognitive functions are assessed, the neurologist dedicates the remaining portion of the exam to the examination of many functions. These include visual fields, cranial nerves (CNs) (Fig. 1-1), muscle strength, muscle stretch reflexes (MSRs), plantar stimulation, coordination, gait and equilibrium, as well as sensory modalities. These should routinely be examined in an organized rote fashion in order not to overlook an important part of the examination. The patient’s general health, nutritional status, and cardiac function, including the presence or absence of significant arrhythmia, heart murmur, hypertension, or signs of congestive failure, should be noted. If the patient is encephalopathic, it is important to search for subtle signs of infectious, hepatic, renal, or pulmonary disease.
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Figure 1-1 Cranial Nerves: Distribution of Motor and Sensory Fibers.














Cranial Nerves: An Introduction


The 12 CNs subserve multiple types of neurologic function (see Fig. 1-1). The cranial nerves are formed by afferent sensory fibers, motor efferent fibers, or mixed fibers traveling to and from brainstem nuclei (Fig. 1-2A and B).
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Figure 1-2 Cranial Nerves: Nerves and Nuclei.




The special senses are represented by all or part of the function of five different CNs, namely, olfaction, the olfactory (I); vision, the optic (II); taste, the facial (VII) as well as the glossopharyngeal (IX); hearing as well as vestibular function, the cochlear and vestibular (VIII) nerves. Another three CNs are directly responsible for the coordinated, synchronous, and complex movements of both eyes; these include CNs III (oculomotor), IV (trochlear), and VI (abducens). Cranial nerve VII is the primary CN responsible for facial expression, which is important for setting the outward signs of the patient’s psyche’s representation to his family and close associates, or signs of paralysis from a brain or cranial nerve lesion. Facial sensation is subserved primarily by the trigeminal nerve (V); however, it is a mixed nerve also providing primary motor contributions to mastication. The ability to eat and drink depends on CNs IX (glossopharyngeal), X (vagus), and XII (hypoglossal). The hypoglossal and recurrent laryngeal nerves are also important to the mechanical function of speech. Last, CN-XI, the accessory, contains both cranial and spinal nerve roots that provide motor innervation to the large muscles of the neck and shoulder.


Disorders of the CNs can be confined to a single nerve such as the olfactory (from a closed-head injury, early Parkinson disease, or meningioma), trigeminal (tic douloureux), facial (Bell palsy), acoustic (schwannoma), and hypoglossal (carotid dissection). There is a subset of systemic disorders with the potential to infiltrate or seed the base of the brain and the brainstem at the points of exit of the various CNs from their intraaxial origins. These processes include leptomeningeal seeding of metastatic malignancies originating in the lung, breast, and stomach, as well as various lymphomas, or granulomatous processes such as sarcoidosis or tuberculosis, each leading to a clinical picture of multiple, sometimes disparate cranial neuropathies. Many times, a stuttering onset occurs. The various symptoms are related to individual CNs. These typically develop within just weeks or no more than a few months.


Cranial nerve dysfunctions will commonly bring patients to medical attention for a number of clinical limitations. These include ophthalmic difficulties, such as diminished visual acuity or visual field deficits (optic nerve and peri-cavernous chiasm) and double vision, either horizontal, vertical, or skewed (oculomotor, trochlear, and abducens nerves). Other cranial nerve presentations include facial pain (trigeminal nerve), evolving facial weakness (facial nerve), difficulty swallowing (glossopharyngeal and vagus nerves), and slurred speech (hypoglossal nerves).









Cranial Nerve Testing






I Olfactory Nerve


The sense of smell is a very important primordial function that is much more finely tuned in other animal species. Here other mammals are able to seek out food, find their mates, and identify friend and foe alike because of their finely tuned olfactory brain. In the human, the loss of this function can still occasionally have very significant consequences primarily bearing on personal safety. If the human being cannot smell fires or burning food, their survival can be put at serious risk. The loss of smell also affects the pleasure of being able to taste, even though, as later noted, taste per se is primarily a function of cranial nerves VII and IX.


Olfactory nerve function testing is relevant despite its only occasional clinical involvement. This may be impaired after relatively uncomplicated head trauma and in individuals with various causes of frontal lobe dysfunction, especially an olfactory groove meningioma. Loss of olfaction is sometimes an early sign of Parkinson disease. Clinical evaluation of olfactory functions is straightforward. The examiner has the patient sniff and attempt to identify familiar substances having specific odors (coffee beans, leaves of peppermint, lemon). Inability or reduced capacity to detect an odor is known as anosmia or hyposmia, respectively; inability to identify an odor correctly or smell distortion is described as parosmia or dysosmia. Bilateral olfactory nerve disturbance with total loss of smell, typically from head trauma, chronic upper airway infections, or medication, is usually a less ominous sign than unilateral loss, which raises the concern for a focal infiltrative or compressive lesion such as a frontal grove meningioma.









II Optic Nerve


Of all the human sensations, the ability to see one’s family and friends, to read, and appreciate the beauties of nature, it is difficult to imagine life without vision, something that is totally dependent on the second cranial nerve. Obviously many individuals, such as Helen Keller, have vigorously and successfully conquered the challenge of being blind; however, given the choice, vision is one of the most precious of all animal sensations. “Blurred” vision is a common but relatively nonspecific symptom that may relate to dysfunction anywhere along the visual pathway (Fig. 1-3). When examining optic nerve function, it is important to identify any concomitant ocular abnormalities such as proptosis, ptosis, scleral injection (congestion), tenderness, bruits, and pupillary changes.
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Figure 1-3 Visual Pathways: Retina to Occipital Cortex.




Visual acuity is screened using a standard Snellen vision chart that is held 14 inches from the eye. Screening must be performed in proper light as well as to the patient’s refractive advantage using corrective lenses or a pinhole when indicated.


A careful visual field evaluation is the other important means to assess visual function. These tests are complementary, one testing central resolution at the retinal level and the other to evaluate peripheral visual field defects secondary to lesions at the levels of the optic chiasm, optic tracts, and occipital cortex. Visual fields are evaluated by having the patient sit comfortably facing the examiner at a similar eye level. First, each eye is tested independently. The patient is asked to look straight at the examiner’s nose. The examiner extends an arm laterally, equidistant from himself and the patient, and asks the patient to differentiate between one and two fingers. The patient’s attention must always be directed back to the examiner as most patients will reflexively look laterally at the fingers. This will require repeated testing. Each quadrant of vision is evaluated separately. After individual testing, both eyes are tested simultaneously for visual neglect, as may occur with right hemispheric lesions. Progressively complex perimetric devices have the advantage of providing valuable data on the health of the visual system.


In kinetic perimetry, a stimulus is moved from a non-seeing area (far periphery or physiologic blind spot) to a seeing area, with patients indicating at what point the stimulus is first noticed. Testing is repeated from different directions until a curve can be drawn connecting the points at which a given stimulus is seen from all directions. This curve is the isopter for that stimulus for that eye. The isopter plot has been likened to a contour map, showing “the island of vision in a sea of darkness.” The Goldmann perimeter, a half-sphere onto which spot stimuli are projected, is the premiere device for this mapping. The normal visual field extends approximately 90° temporally, 45° superiorly, 55° nasally, and 65° inferiorly. Practically, this geographic shape mimics the oblique teardrop shape of aviator-style sunglass lenses.


In static perimetry, the test point is not moved, but turned on in a specific location. Typically automated, computer testing preselects locations within the central 30° of field. Stimuli are dimmed until they are detected only intermittently on repetitive presentation—this intensity level is called the threshold. The computer then generates a map of numeric values of the illumination level required at every test spot, or the inverse of this level, often called a sensitivity value. Values may also be displayed as a grayscale map, and statistical calculations can be performed—by comparing to adjacent spots or precalculated normal values or noting sudden changes in sensitivity—to detect abnormal areas.


Most visual field changes have localizing value: specific location of the loss, its shape, border sharpness (i.e., how quickly across the field the values change from abnormal to normal). Its concordance with the visual field of the other eye tends to implicate specific areas of the visual system. Localization is possible because details of anatomic organization at different levels predispose to particular types of loss (see Chapter 4).


When one examines the pupils, their shape and size need to be recorded. A side-to-side difference of no more than 1 mm in otherwise round pupils is acceptable as a normal variant. Pupillary responses are tested with a bright flashlight and are primarily mediated by the autonomic innervation of the eye (Fig. 1-4). A normal pupil reacts to light stimulus by constricting with the contralateral constriction of the unstimulated pupil as well. These responses are called the direct and consensual reactions, respectively, and are mediated through parasympathetic innervation to the pupillary sphincter from the Edinger-Westphal nucleus along the oculomotor nerve. The pupils also constrict when shifting focus from a far to a near object (accommodation) and during convergence of the eyes, as when patients are asked to look at their nose.
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Figure 1-4 Autonomic Innervation of Eye.




The sympathetic innervation of the pupillary dilator muscle involves a multisynaptic pathway with fibers ultimately reaching intracranially along the course of the internal carotid artery. Branches innervate the eye after traveling through the long and short ciliary nerves. The ciliospinal reflex is potentially useful when evaluating comatose patients. In this setting, if the examiner pinches the patient’s neck, the ipsilateral pupil should transiently dilate. This provides a means to test the integrity of ipsilateral neuropathways to midbrain structures.


The short ciliary nerve, supplying parasympathetic inputs to the pupil, may be damaged by various forms of trauma. This results in a unilateral dilated pupil with preservation of other third nerve function. Significant unilateral pupillary abnormalities are usually related to innervation changes in pupillary muscles.


A number of pathophysiologic mechanisms lead to mydriasis (pupillary dilatation) (Table 1-1). Atropine-like eye drops, often used for their ability to produce pupillary dilation, inadvertent ocular application of certain nebulized bronchodilators, and placement of a scopolamine anti-motion patch with inadvertent leak into the conjunctiva are occasionally overlooked as potential causes for an otherwise asymptomatic, dilated, poorly reactive pupil. Other medications may also lead to certain atypical light reactions. The presence of bilateral dilated pupils, in an otherwise neurologically intact patient, is unlikely to reflect significant neuropathology. In contrast, the presence of prominent pupillary constriction most likely reflects the use of narcotic analogs or parasympathomimetic drugs, such as those typically used to treat glaucoma.




Table 1-1 Pupillary Abnormalities
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Horner Syndrome


The classic findings include miosis (pupillary constriction), subtle ptosis, and an ipsilateral loss of facial sweating. Here the constricted pupil develops secondary to interference with the sympathetic nerves at one of many different levels along its long intramedullary (brain and spinal cord) and complicated extracranial course.


Sympathetic efferent fibers originate within the hypothalamus and traverse the brainstem and cervical spinal cord, then exit the upper thoracic levels and course rostrally to reach the superior cervical ganglia (see Fig. 1-4). Subsequently, these sympathetic fibers track with the carotid artery within the neck to reenter the cranium and subsequently reach their destination innervating the eye’s pupillodilator musculature. Typically, patients with Horner syndrome have an ipsilateral loss of sweating in the face (anhidrosis), a constricted pupil (miosis), and an upper lid droop from loss of innervation to Muller’s muscle, a small smooth muscle lid elevator (ptosis). The levator palpebra superioris, a striated muscle innervated by the oculomotor nerve CN-III, is not affected (Fig. 1-5).
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Figure 1-5 Right Horner Syndrome.











Optic Fundus


The ability to peer into the patient’s eye is a very unique and fascinating experience as it provides an opportunity to directly examine not only the initial portion of the optic nerve but also tiny arterioles and veins. This is the only portion of human anatomy that provides the physician with such an option. Here one may find signs of increased intracranial pressure or evidences of the effects of poorly controlled hypertension or diabetes mellitus. Today all of these various lesions are much less commonly observed because of much better treatment of systemic illnesses that affect the smaller blood vessels. Similarly the development of MRI and CT scanning makes it easier to identify intracerebral mass lesions at a much earlier stage of illness. Today as brain tumors no longer reach a critical size, obstructing cerebrospinal fluid flow, creating the increased intracranial pressure that leads to papilledema, this is now a relatively rare finding but one that still demands recognition.


A careful optic funduscopic examination is essential in the evaluation of very many neurologic disorders. This evaluation is best performed in a relatively dark environment that leads to both a reflex increase in pupillary size and improvement in contrast of the posterior chamber structures. Findings that should be documented include optic nerve margins, venous pulsations, and the presence of hemorrhages, exudates, or any obvious obstruction to flow by embolic material (such as cholesterol plaque in patients complaining of transient visual obscuration), and pallor of retinal fields that may reflect ischemia.


Papilledema is characterized by elevation and blurring of the optic disk, absence of venous pulsations, and hemorrhages adjacent to and on the disk (Fig. 1-6). The finding of papilledema indicates increased intracranial pressure of any cause, including brain tumors, subarachnoid hemorrhage, metabolic processes, pseudotumor cerebri, and venous sinus thrombosis.
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Figure 1-6 Effects of Increased Intracranial Pressure on Optic Disk and Visual Fields.














III, IV, VI Oculomotor, Trochlear, and Abducens Nerves


Our ability to acutely focus our eyes on an object of interest depends on being able to move the eyes together in a conjugate fashion; this requires three related cranial nerves that take their origin from various juxta midline midbrain and pontine nuclei. These provide us with the ability to astutely focus on an object of interest without concomitantly moving our head. Whether it is a detective watching a suspect or a teenager taking a furtive glance at a new classmate, these cranial nerves provide us with a broad sweep of very finely tuned motor function. There is no other group of muscles that are so finely innervated as these. Their innervation ratio is approximately 20 : 1 in contrast to those of large muscles of the extremities with ratios between 400 and 2000 to 1. Certainly, this accounts for the fact that one of the earliest clinical manifestations of myasthenia gravis relates to the extraocular muscles (EOMs), where the interruption of just a few neuromuscular junctions affects the finely harmonized EOM function, leading to a skewed operation and thus double vision.


In order to identify isolated EOM dysfunction, it is most accurate to test each eye individually describing the observed specific loss of EOM function. For example, when the eye cannot be turned laterally, the condition is labeled as an abduction paresis, as opposed to CN-VI palsy. This is because the responsible lesion can be at any one of three sites, namely, cranial nerve, neuromuscular junction, or muscle per se. A more detailed assessment of these cranial nerves is available in Section II, Chapter 5.


The medial longitudinal fasciculus (MLF) is responsible for controlling EOM function because it provides a means to modify central horizontal conjugate gaze circuits. The medial longitudinal fasciculus connects CN-III on one side and CN-VI on the opposite side. Understanding the circuit of horizontal conjugate gaze helps clinicians appreciate the relation between the frontal eye fields and the influence it exerts on horizontal conjugate gaze (see Fig. 1-6) as well the reflex relation between the ocular and vestibular systems (Fig. 1-7).
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Figure 1-7 Control of Eye Movements.




The connection of the vestibular system to the medial longitudinal fasciculus can be tested by two different means. One is the doll’s-eye maneuver. Here the patient’s head is rotated side to side while the examiner watches for rotation of the eyes. Passive movement of the head to the left normally moves the eyes in the opposite direction, with the left eye adducting and the right eye abducting. The opposite occurs when the head is rotated to the right.


Ice-water caloric stimulation provides another option to study vestibular ocular MLF pathways. This is primarily used for the examination of comatose patients; on very rare occasions, it is extremely helpful for rousing a patient presenting with a suspected nonorganic, that is, feigned coma. Patients are placed at an elevation of approximately 45°. Next, the tympanic membranes are checked for intactness, and then 25–50 mL of ice water is gradually infused into each ear. A normal response in the awake patient, after left ear stimulation, is to observe slow deviation of the eyes to the left followed by rapid movement (nystagmus) to the right (see Fig. 1-10). In contrast, the comatose patient with an intact brainstem has a persistent ipsilateral deviation of the eyes to the site of stimulation with loss of the rapid eye movement component to the opposite side.


The center for vertical conjugate gaze and convergence is also located within the midbrain, although the underlying circuit is not well delineated. The vertical conjugate gaze centers can be tested by flexion of the neck while holding the eyelids open and watching the eye movements. When CNS processes affect conjugate gaze, such as with MS, a prominent nystagmus is often defined. The nystagmus is thought to result from an attempt to maintain conjugate function of the eyes and minimize double images.









V Trigeminal Nerve


Our ability to perceive various stimuli applied to the face depends almost entirely on this nerve; whether as a warning to protect oneself from subzero cold, something potentially threatening to our eyesight, or the pleasurable sensation from the kiss of a beloved one, all forms of sensations applied to the face are tracked to our brain through the trigeminal nerve (Fig. 1-8). The primary sensory portion of this nerve has three divisions, ophthalmic, maxillary, and mandibular; they respectively supply approximately one third of the face from top to bottom, as well as the anterior aspects of the scalp. The angle of the jaw is spared within the trigeminal mandibular division territory. This provides an important landmark to differentiate patients with conversion disorders or obvious secondary gain as they are not anatomically sophisticated and will report they have lost sensation in this.
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Figure 1-8 Trigeminal Nerve Neuralgia.




The clinical testing of trigeminal nerve function includes both appreciation of a wisp of cotton and a sharp object on the facial skin per se as well as the corneal reflex. To evaluate the broad spectrum of facial sensation, that is, touch, pain, and temperature, the examiner uses a cotton wisp; the tip of a new, previously unused safety pin; and the cold handle of a tuning fork. In a symmetric fashion, the physician asks whether the patient can perceive each stimulus in the three major divisions of the trigeminal nerve supplying the face.


The corneal reflex depends on afferents from the first division of the trigeminal nerve combined with facial nerve efferents. This is also best tested using a wisp of cotton approaching the patient from the side while she or he looks away. Normally, both eyelids close when the cornea on one side is stimulated; this is because this reflex involves multisynaptic brainstem pathways.


Lastly, there is a primary motor portion that is part of the trigeminal nerve. It primarily supplies the muscles of mastication. It is best assessed by having the patient bite down and try to open the mouth against resistance.









VII Facial Nerve


Facial expression is one of our very important innate human attributes allowing one to demonstrate a very broad spectrum of human emotions, especially happiness and sorrow; these are primarily dependent on the facial nerve (Fig. 1-9). The motor functions of CN-VII are tested by asking patients to wrinkle their forehead, close their eyes, and smile. Whistling and puffing up the cheeks are other techniques to test for subtle weakness. When unilateral peripheral weakness affects the facial nerve after it leaves the brainstem, the face may look “ironed out,” and when the patient smiles, the contralateral healthy facial muscle pulls up the opposite half of the mouth while the affected side remains motionless. Patients often cannot keep water in their mouths, and saliva may constantly drip from the paralyzed side. With peripheral CN-VII palsies, patients are also unable to close their ipsilateral eye or wrinkle their foreheads on the affected side. However, although the lid cannot close, the eyeball rolls up into the head, removing the pupil from observation. This is known as the Bell phenomena.
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Figure 1-9 Facial Nerve With Its Muscle Innervation.
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Figure 1-10 Vestibular Eighth Nerve Input to Horizontal Eye Movements and Nystagmus.




In addition, there is another motor branch of the facial nerve; this innervates the stapedius muscle. It helps to modulate the vibration of the tympanic membrane and dampens sounds. When this part of the facial nerve is affected, the patient notes hyperacusis. This is an increased, often unpleasant perception of sound when listening to a phone with the ipsilateral ear.


Lastly, the facial nerve has a few other functions. These include prominent autonomic function, sending parasympathetic fibers to both the lacrimal and the salivary glands. It also subserves the important function of taste, another function providing both safety from rancid food and pleasure from a delightful wine. There is also a tiny degree of routine skin sensation represented for portions of the ear.









VIII Cochlear and Vestibular Nerves (Auditory [Cochlear] Nerve)


Many mornings some of us are blessed by a virtual ornithological symphony in our backyards. This always makes one pause and give thanks once again for this marvelous primary sensation. Here yet another cranial nerve, the cochlear, provides for the emotional highs that auditory sensations bring to the human brain. Whether it is the first cry of a newborn, the reassuring words of a loved one, or Beethoven’s seventh symphony, this unique sensation of higher animal life is tracked through this one cranial nerve.


Beyond the simple test of being able to hear at all, more sophisticated clinical evaluation of CN-VIII is often challenging for the neurologist. Fortunately our otolaryngologic colleagues are able to precisely measure the appreciation of specific auditory frequencies in a very sophisticated manner. Barring the availability of these formal audiometric evaluations, simple office-based hearing tests sometimes help us demonstrate diagnostically useful asymmetries. Using a standard tuning fork, it is possible to differentiate between nerve (perceptive) deafness caused by cochlear nerve damage and that caused by middle ear (conduction) deafness with two different applications of the standard tuning fork. We are able to test both air and bone conduction.


Initially a vibrating tuning fork is placed on the vertex of the skull, Weber test, allowing bone conduction to be assessed. Here the patient is asked to decide whether one ear perceives the sound created by the vibration better than the other (Fig. 1-11). If the patient has nerve deafness, the vibrations are still appreciated more in the normal ear. In contrast, with conduction deafness, the vibrations are better appreciated in the abnormal ear.
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Figure 1-11 Auditory Nerve Testing: Weber and Rinne Testing.




The Rinne test is carried out by placing this vibrating instrument on the mastoid process of the skull. Here the patient is asked to identify the presence of sound. As the vibrations of the tuning fork diminish, eventually the patient is unable to appreciate the sound. At that instant, the instrument is moved close to the external ear canal to evaluate air conduction. If the individual has normal hearing, air conduction is longer than bone conduction. When a patient has nerve (perceptive) deafness, both bone and air conductions are diminished, but air conduction is still better than bone conduction. In contrast with conduction deafness, secondary to middle ear pathology, these findings are reversed. Here, when the patient’s bony conduction has ceased, air conduction is limited by the intrinsic disorder within the middle ear. Therefore, the sound can no longer be heard; that is, it cannot pass through the mechanoreceptors that amplify the sound and thus cannot reach the auditory nerve per se.






Vestibular Nerve


The vestibular system can be tested indirectly by evaluating for nystagmus during testing of ocular movements or by positional techniques, such as the Barany maneuver, that induce nystagmus in cases of benign positional vertigo (BPV) where inner ear dysfunction is caused by otolith displacement into the semicircular canals (Fig. 1-12). Here the patient is seated on an examining table and the eyes are observed for the presence of spontaneous nystagmus. If none is present, the examiner rapidly lays the patient back down, with the head slightly extended and concomitantly turning the head laterally. If after a few seconds’ delay, the patient develops the typical symptoms of vertigo with a characteristic delayed rotary, eventually fatiguing nystagmus, the study is positive.
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Figure 1-12 Test for Positional Vertigo.




Eye movements depend on two primary components, the induced voluntary frontal eye fields and the primary reflex-driven vestibular–ocular movement controlled by multiple connections (Fig. 1-10; see also Fig. 1-7). The ability to maintain conjugate eye movements and a visual perspective on the surrounding world is an important brainstem function. It requires inputs from receptors in muscles, joints, and the cupulae of the inner ear. Therefore, when the patient has dysfunction involving any portion of the vestibular-ocular or cerebellar axis, the maintenance of basic visual orientation is challenged. Nystagmus is a compensatory process that attempts to help maintain visual fixation.


Traditionally, when one describes nystagmus, the fast phase direction becomes the designated title (see Fig. 1-10). For example, left semicircular canal stimulation produces a slow nystagmus to the left, with a fast component to the right. As a result, the nystagmus is referred to as right beating nystagmus. Direct stimulation of the semicircular canals or its direct connections, that is, the vestibular nuclei, often induces a torsional nystagmus. This is described as clockwise or counterclockwise, according to the fast phase.


A few beats of horizontal nystagmus occurring with extreme horizontal gaze is normal in most individuals. The most common cause of bilateral horizontal nystagmus occurs secondary to toxic levels of alcohol ingestion or some medications, that is, phenytoin and barbiturates.












IX, X, XI Glossopharyngeal, Vagus, and Accessory Nerves


The most common complaints related to glossopharyngeal-vagal system dysfunction include swallowing difficulties (dysphagia) and changes in voice (dysphonia). A patient with a glossopharyngeal nerve paresis presents with flattening of the palate on the affected side. When the patient is asked to produce a sound, the uvula is drawn to the unaffected side (Fig. 1-13). Indirect mirror examination of the vocal cords may demonstrate paralysis of the ipsilateral cord. The traditional test for gag reflex, placing a tongue depressor on the posterior pharynx, is of equivocal significance at best, because the gag response varies significantly and patients evidence wide varieties of tolerance to this stimulus. Preservation of swallowing reflexes is best tested by giving the patient 30 mL of fluid to drink through a straw while seated at 90°. Patients with compromised swallowing reflexes develop a “wet cough” and regurgitate fluids through their nose. Intracranial or proximal spinal accessory nerve damage limits the ability to turn the head to the opposite side (weakness of the ipsilateral sternocleidomastoid muscles and trapezius muscle). More distal accessory nerve damage is most commonly seen following surgical misadventures during biopsying a lymph node from the posterior triangle of the neck, sparing the sternocleidomastoid but affecting the trapezius, causing dysfunction and winging of the scapula.





[image: image]

Figure 1-13 Uvula, Tongue, and Vocal Cord Weakness.











XII Hypoglossal Nerve


Damage to the hypoglossal nucleus or its nerve produces tongue atrophy and fasciculations The fasciculations usually are seen best on the lateral aspects of the tongue. If the nerve damage is unilateral, the tongue often deviates to that side (see Fig. 1-13). Two means to test for subtle weakness include asking the patient to push against a tongue depressor held by the examiner and having the patient push the tongue into the cheek.












Cranial Neuropathies And Systemic Disease


When one evaluates a patient presenting with any cranial neuropathy, it is important to search for signs of other neurologic and systemic disorders. The patient with recently discovered anosmia may have early Parkinson disease. An acute painful, but pupil sparing, third nerve palsy may be a tip-off to the diagnosis of diabetes mellitus. When one meets an individual with unilateral or bilateral Bell palsies, Lyme disease, as well as sarcoidosis, always requires consideration in the differential diagnosis. When one evaluates patients having multiple cranial neuropathies, leptomeningeal infiltration from metastatic carcinoma or lymphoma, sarcoidosis or chronic infectious processes, such as tuberculosis, always require diagnostic consideration.









Cerebellar Dysfunction


Evaluation of posture and gait provides the opportunity to observe the most dramatic clinical manifestations of cerebellar dysfunction. The patient presenting with midline cerebellar lesions affecting the vermis characteristically assumes a broad-based stance when walking that typically mimics an inebriated individual. At the extreme, these individuals are unable to maintain a stance. In contrast, when there is a cerebellar hemisphere problem, the patient has a tendency to veer to the affected side. With midline lesions, gait is usually unchanged whether the eyes are open or closed, suggesting that this is not the result of disruption of proprioceptive inputs. Patients with unilateral lesions are often able to compensate with their eyes open but deteriorate when they lose visual inputs.


Loss of limb coordination is the result of cerebellar inability to calculate inputs from different joints and muscles and coordinate them into smooth movements. This abnormality is best observed by testing finger-to-nose and heel-to-shin movements and making bilateral comparisons. When performing the finger-to-nose test, the examiner provides his or her finger as the target; it is sequentially moved to different locations. The patient in turn keeps the arm extended and tries to touch the examiner’s finger at each location. When unilateral cerebellar dysfunction is present, the patient overshoots the target, so-called past pointing. It is important not to misinterpret such findings as always of cerebellar origin, as patients with focal motor or sensory cerebral cortex lesions may present with mild arm weakness and proprioceptive sensory loss affecting that limb. In this setting, a degree of focal limb dysmetria may develop; this is sometimes difficult to distinguish from primary cerebellar dysfunction. One clinical means to distinguish cerebellar from cerebral cortical dysfunction is that the patient with cerebellar hemisphere lesions will have these movements improve after a few trials. In contrast, with cerebral cortical dysmetria, repeated trials only lead to further deterioration in the attempted action.


Dysdiadochokinesia is a sign of cerebellar dysfunction that occurs when the patient is asked to rapidly change hand or finger movements, that is, alternating between palms up and palm down. Patients with cerebellar dysfunction typically have difficulties switching and maintaining smooth, rapid, alternating movements.


Tremor, nystagmus, and hypotonia are other important indications of potential cerebellar dysfunction. Tremors may develop from any lesion that affects the cerebellar efferent fibers via the superior cerebellar peduncle. This is characterized by coarse, irregular movement. Nystagmus may occur with unilateral cerebellar disease; the nystagmus is most prominent on looking to the affected side. Hypotonia may be present but is often difficult to document. This is best observed when testing a patient’s muscle stretch reflexes at the quadriceps tendon knee jerk. Here, the normal “check” does not occur after the initial movement, so the leg on the affected side swings back and forth a few times after the initial patellar tendon percussion.









Gait Evaluation


Whenever possible, the neurologic clinician is encouraged to personally greet the patient, watching them arise from their chair and initiate their gate. Next, before moving to the examination room the patient needs to be observed walking in the hallway. On occasion it is important to observe the patient on stairs particularly if there is a query about proximal weakness. A smooth gait requires multiple inputs from the cerebellum and primary motor and sensory systems. Gait disorders provide a very broad differential diagnostic challenge that results from lesions in any part of the neuraxis (Fig. 1-14).
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Figure 1-14 Gait Disorder Characteristics and Etiology.




Frontal lobe (Fig. 1-14,D) processes including tumors and normal-pressure hydrocephalus lead to apraxia, spasticity, and leg weakness. Spasticity per se is a nonspecific marker of corticospinal tract disorders that may arise with various neurologic lesions between the frontal lobe and the distal spinal cord (Fig. 1-15). Various neurodegenerative conditions, particularly those affecting the basal ganglia, such as Parkinson disease (Fig. 1-15,A1–3), are some of the most common causes of gait difficulties. These are typically manifested by slowness initiating gait, small steps, and eventually gait festination, wherein once patients begin to accelerate their walking, they take increasingly more rapid but paradoxically smaller steps. There is an innate, almost wax-like rigidity to their stooped body carriage, including the frozen posture of one or both arms that usually lack the normal arm swing. Very occasionally, a change in posture from the seated position to attempted gait will be manifested by a dystonic posturing, which may be indicative of another genetic disorder, dystonia musculorum deformans or paroxysmal choreoathetosis.
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Figure 1-15 Pyramidal System, Corticospinal Tract. Gait Disorders Can Arise From Interruption of These Pathways at Any Level.




Cerebellar disorders related to midline anterior cerebellar vermis lesions or various heredofamilial spinocerebellar entities lead to a broad-base gait ataxia (Fig. 1-14,C1–2). The patient is asked to walk in tandem, with one foot in front of the other. It is an effective means to elicit a subtle disequilibrium often related to midline cerebellar dysfunction such as with simple entities, including alcohol intoxication.


Myelopathies with posterior column dysfunction, such as vitamin B12 deficiency, present with loss of proprioception function. These particularly affect the patient’s gait in dark environments, as do some of the peripheral neuropathies, especially those with a primary sensory ganglionopathy (Fig. 1-14,F1). Testing for the presence of a Romberg sign is an excellent clinical marker for these disorders. Here patients are asked to stand in place with their eyes open, gain their equilibrium, and then close their eyes. Individuals with various proprioceptive disorders are unable to maintain their balance when visual clues are withdrawn; such a condition is referred to as a positive Romberg sign. One of the earliest signs, and at times a prominent sign of a myopathy, is needing to push off the arms of a chair when arising to walk. When these individuals do walk their gait may be a broad-based gait mimicking an anterior cerebellar lesion. When viewed from the side the curve of their low back is accentuated, i.e. hyperlordotic. Both the wide base and the hyperlordosis are representative of weakness of the most proximal muscle groups—the iliopsoas, quadriceps, and glutei—as well as the paraspinal axial musculature.


An often overlooked cause of gait difficulties is orthopedic and musculoskeletal problems. A perhaps simplistic perspective on the contribution of this system to gait is the analogy that the musculoskeletal system functions similar to an axle on a car, maintaining alignment and proper, symmetric rotation of the wheels. Our vertebral column is a sophisticated axle that with time loses some of its alignment. The attached muscles, to a misaligned chain of vertebrae, ultimately generates aberrant feedback loops to the spinal cord and the brain.


Many of our senior citizens gradually lose precise control of their gait, initially manifested by subtle changes on neurologic exam. Healthy older individuals often have limited ability to perform tandem gait. The very important message here is that this finding in isolation should not be considered abnormal per se among patients living into their eighth decade. Nevertheless, older patients become increasingly limited by a dwindling ability to walk independently.


Very often, in this setting there is not one specific mechanism either operative or identifiable. A number of patients have a multifaceted source related to the gradual aging (graying) of multiple neurologic systems. One source that always requires consideration is the possibility of orthostatic hypotension. Most commonly, this relates to medications; however, one of the neurodegenerative disorders, multiple system atrophy (see Chapter 34), may present in this fashion. Thus, it is important to carefully check blood pressures in the supine posture, when seated, then immediately on standing, and then every 30 seconds thereafter until the pressure is stabilized. A persistent drop in blood pressure of 20–30/15 mm Hg is usually regarded as significant in this setting.


It is important to ask about the circumstances accompanying the gait decline. Does the individual scuff a foot because of a spastic leg that interferes with a smooth alteration of individual legs? What settings lead to a fall? Does one catch one’s toe on a rug as with subtle spasticity (Fig. 1-14,B1–2) or feel a leg give out going downstairs secondary to weakness of the quadriceps femoris muscle (Fig. 1-14,F2)? Having such information, the examiner can then easily try to reproduce the circumstances that lead to the falls.


Typically, gait function is tested under several conditions, including walking straight, walking at least 10 yards in open space, making turns, maneuvering through a tight corridor, attempting tandem gait, or in low light settings as well as on the stairs. The normal degree of foot separation (the base) is widened when proprioception or midline cerebellar vermis function is compromised. Occasionally, having the patient climb stairs reveals a subtle degree of iliopsoas weakness as found in various peripheral motor unit disorders (particularly myopathies) and, less commonly, neuromuscular junction or proximal peripheral neuropathies (Fig. 1-14,G). Finally, the appearance of spasticity may be enhanced by having the patient walk longer distances and even asking him or her to walk several blocks and return to the clinic. Rarely, this uncovers an unsuspected corticospinal tract lesion. Chapter 32 expands on the clinical evaluation of gait disorders.









Abnormal Adventitious Movements


Neurologists are frequently consulted to evaluate various adventitious movements, including tremors, chorea, dyskinesias, and ballismus. The most common movement disorder encountered in the office is “essential tremor,” usually a “benign” hereditary condition that generally does not herald a progressive neurodegenerative process. These patients often seek medical attention because they are concerned that their tremors are a sign of Parkinson disease. Therefore, differentiating between different types of tremors is a common and important concern. An essential tremor characteristically occurs during certain voluntary actions, such as when bringing a cup of coffee to the mouth. In contrast, with classic Parkinson disease, the pill-rolling tremor is primarily evident at rest and when the patient is seated or walking and disappears with the spontaneous use of the extremity. A subtle fidgeting may represent the earliest sign of Huntington or Sydenham chorea. Very rarely a patient will present with a more energetic, purposeless, wing beating movement of an extremity referred to as hemiballismus. A full discussion of movement disorders and their presentation is found in Section VII.









Muscle Strength Evaluation


Weakness is one of the most common complaints of patients seeking neurologic care. The motor pathways encompass multiple anatomic areas within the CNS, including the cerebral cortex and important subcortical structures such as the basal ganglia, the brainstem, the cerebellum, the spinal cord, and the peripheral motor unit (Fig. 1-16). Although complaints of generalized weakness, fatigue, or both often are not caused by a specific neurologic condition, the possibility of multiple sclerosis in younger individuals and Parkinson disease in older patients always needs to be considered. When the patient is significantly overweight or has a neuromuscular disorder, sleep apnea needs consideration as a cause of fatigue or a feeling of “weakness.” Peripheral motor unit disorders are important considerations for the differential diagnosis of a patient with generalized weakness. These include processes affecting the anterior horn cell (i.e., amyotrophic lateral sclerosis), peripheral nerve (i.e., Guillain–Barré syndrome or chronic inflammatory demyelinating disorders), neuromuscular junction (including Lambert–Eaton myasthenic syndrome [LEMS]), or muscle cells (various myopathies).
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Figure 1-16 Primary Sites of Motor Disorders.




Partial limb weakness is referred to as monoparesis. Total limb paralysis is referred to as monoplegia. Unilateral weakness of the limbs is referred to as hemiparesis or hemiplegia. Paraparesis refers to involvement of both legs; if no motor function remains, this is considered paraplegia. Similarly, quadriplegia relates to total paralysis of all 4 extremities.


Focal weakness often has a subtle character that frequently is not recognized by the patient as loss of motor strength. Dropping objects or clumsy handwriting may represent a single peripheral nerve lesion such as a radial neuropathy leading to a wrist drop. Tripping on rugs or steps may be the expression of a peroneal nerve lesion causing a foot drop (Fig. 1-14,F3). In contrast, dramatic whole limb weakness is obvious and of greater patient concern, often leading to immediate medical attention as occurs with a stroke. Bilateral motor loss without cognitive or visual difficulties is most commonly due to lesions affecting the spinal cord or the peripheral nervous system and muscle.


When analyzing the complaint of weakness, the physician must consider the presence or absence of associated neurologic complaints or difficulties, such as language, speech, and visual changes; gait dysfunction; difficulty with rising from chairs and associated movements; and alteration in sensation. The neurologist testing for strength must search for evidence of atrophy and fasciculations, or spasticity. Equally important is the need to note the degree of patient effort and cooperation, as well as to consider associated problems that may compromise the testing, such as pain and skin or orthopedic lesions. Formal strength testing must be conducted in a systematic manner evaluating successive areas of the motor unit beginning at the brain and proceeding distally to the individual muscles per se (see Fig. 1-16). Here one places an initial focus on the major muscle groups, such as the flexors and extensors, to seek out any areas of weakness. More specific muscle testing is particularly useful when distinguishing between lesions of the nerve root, plexus, or mononeuropathies (Table 1-2).




Table 1-2 Muscle Testing in a Routine Neurologic Examination
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When individual muscle testing does not demonstrate specific weakness, other techniques sometimes uncover more less-obvious functional loss. If the patient is instructed to extend the arms with the palms up and the eyes closed, subtle arm weakness may manifest as a pronating downward or lateral drift of the affected extremity. Similarly, moving the fingers as if playing piano or rapidly tapping may demonstrate a subtle in-coordination. Subtle proximal lower extremity weakness may not be appreciated with individual muscle testing. Watching the patient rise from a chair may demonstrate use of furniture arms to “push off” and is a good means to identify early proximal leg weakness. One particularly effective means to uncover proximal leg weakness is to observe the patient climb stairs or squat and attempt to rise without using their arms. Also asking the patient to walk on the heels or the tips of the toes is helpful in uncovering distal leg weakness.






Grading Weakness


The traditional, most widely used British system for quantifying degrees of weakness is based on a scoring range of 0 to 5, with 5 being normal. The extremes of grading are easy to understand, although the subtle grading between 4 and 5 (i.e., >4, 4, >4, or <5) may be slightly different depending on the examiner’s own strength (Table 1-3). Other systems judges the patient to have mild (<1), moderate (<2), severe (<3), or total paralysis (<4) strength, and this grading is viewed by some of us to be a simpler and more reproducible methodology. When testing individual muscles of the patient, the examiner must recognize that this is not an athletic match but rather a determination of whether the patient has normal strength. There is a significant range of normal, and a sense of that latitude can be gained only by examining multiple individuals.


Table 1-3 Grading System for Clinical Documentation of Degree of Weakness






	Grade

	Clinical Findings






	0

	No movement (complete paralysis)






	1

	Able to move a muscle but no movement of limb






	2

	Minor movement of limb but inability to overcome gravity






	3

	Moderate weakness; movement of limb against gravity






	4

	Mild weakness; some resistance against mild pressure






	5

	Normal; resistance against moderate pressure







Adapted from Brain. Aids to the Examination of the Peripheral Nervous System. 4th ed. Philadelphia: WB Saunders; 2000.


The examiner assesses the symmetry of function and coexisting changes in tone to formulate appropriate conclusions regarding the significance of subtle changes. The patient’s degree of effort also needs to be assessed to distinguish organic disorders from feigned weakness in those with somatoform disorders or individuals with potential for secondary gain, as may occur with workers’ compensation or other litigation. One of the most useful methods here is to ask the patient to very briefly put all of his or her effort into just one muscle. Most patients with various emotional nonorganic causes for “weakness” will not move the limb at all or produce very inconsistent (consistently inconsistent) efforts in contrast to a normal person’s very firm, persistent motor output. The individual with nonorganic weakness classically “gives way,” after just a very brief effort.


In the setting of possible “give way” weakness, one also needs to consider whether there is evidence of posttetanic facilitation, where the patient’s initial effort suggests weakness but on a few more tries seemingly normal motor strength is achieved. This is the classic feature of a presynaptic defect in neuromuscular transmission as seen in Lambert-Eaton myasthenic syndrome (LEMS). Occasionally, one sees something like this with early Guillain–Barré syndrome or multiple sclerosis. This is an important and occasionally difficult differentiation. One must always listen carefully to the patient; when one is uncertain, the best study is sometime a careful reexamination of the patient. Today the findings of normal neuroimaging and neurophysiologic modalities are reassuring when considering diagnosis of a functional nonorganic disorder. It is very important to recognize that this is a diagnosis of exclusion. Furthermore, there is no urgency to make such a psychological-based diagnosis. Repeated, careful evaluations may uncover definitive findings leading to an organic diagnosis, or when normal, reassure both physician and patient alike that there is less concern about a serious illness.









Motor Lesions






Cerebral Cortex


When evaluating patients with focal weakness due to brain lesions, one should document the evolution of symptoms and any associated changes in sensation or pain. Sudden onset of localized weakness, without preceding trauma or associated pain, suggests ischemic or hemorrhagic cerebral damage. CNS processes cause preferential weakness of the arm extensors and leg flexors. Pure motor weakness of the arm and leg, with slurring of speech, is the hallmark of a stroke in the posterior limb of the internal capsule. Strokes involving the brainstem typically have corticospinal weakness associated with cranial nerve findings. Language deficits usually point to a left hemispheric processes. Neglect of the affected arm or hand, in association with variable degrees of left-sided weakness, often occurs with pathologic processes in the right hemisphere. Visual field deficits may also develop, depending on whether there is concomitant involvement of the optic nerve, chiasm, tract, radiation, or optic cortex.









Brainstem Bulbar Weakness


Rarely, the weakness may be confined to the brainstem bulbar musculature, leading to difficulty speaking, chewing, swallowing, or even breathing. Posterior inferior cerebellar artery (PICA) infarcts often present with these symptoms accompanied by vertigo, and crossed body sensory loss. Lesions at the motor neuron levels such as bulbar amyotrophic lateral sclerosis (ALS), or hypoglossal nerve injury from carotid artery dissection, also require consideration in this setting. Similar symptoms are rarely presenting signs of peripheral nerve lesions, including Guillain–Barré and tick paralysis, the neuromuscular junction, such as myasthenia gravis and botulism, and rarely inflammatory myopathies. Poliomyelitis and diphtheria are always suspected in the rare geographic areas these disorders are still endemic. Fortunately, these are now more of historical interest where modern immunization programs are successful.









Myelopathies


It is necessary to differentiate weakness caused by spinal cord lesions from brain disorders. Primary lesions affecting the spinal cord include compressive lesions from progressive spondylosis (thickening of the bony spinal canal), metastases, trauma, demyelinating processes, particularly MS or transverse myelitis, and spinal epidural abscess. Depending on the location and temporal profile, spinal cord lesions often begin with subtle symptoms of gait disturbance, weakness, or both. Concomitantly, spinal cord lesions are usually associated with sensory findings and urinary bladder difficulties. Pain frequently accompanies acute spinal cord lesions; localized spine and or radicular pain from concomitant nerve root involvement is typical of metastatic cancer, epidural abscess, or transverse myelitis. These disorders can rapidly lead to paraplegia.


A very careful examination is crucial in order to define the presence of a sensory level; this is often best documented by using pin and temperature modalities. One must either sit the patient up or turn them on their side, carefully moving the sensory stimulus from the buttocks to the neck to see if there is a sudden change in degree of perception characteristic of a “sensory level.” Failure to perform this evaluation may lead to missing a treatable spinal cord lesion. Detailed knowledge of the specific sensory territories of the nerve root dermatomes (Fig. 1-17) is very helpful when assessing potential spinal cord lesions. Looking for a sweat level is also sometimes helpful because the skin below the level of a significant spinal cord lesion will be noticeably drier from loss of autonomic sympathetic innervation. Acute lower extremity weakness is also seen with the Guillain–Barré syndrome or other acute generalized polyneuropathies. These disorders may mimic a primary spinal cord lesion.
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Figure 1-17 Dermatomal Levels.




Patients with painless asymmetric weakness typically have primary motor neuron or very occasionally motor nerve root, motor nerve level demyelinating lesions. Fasciculations, spontaneous firing of small groups of muscle fibers innervated by a single motor axon (a motor unit), commonly accompany lower motor neuron weakness. Although often perceived by the patient as twitching or jumping, fasciculations may not be easily seen with the naked eye. Sometimes it may be necessary to observe a specific muscle for several minutes to see these signs. Fasciculations are quite common and often benign; when present in isolation with no motor weakness or muscle atrophy, and the patient has a normal EMG, there is little chance that the individual has primary motor neuron disease. Typically lower motor nerve lesions have a concomitant diminution of specific MSRs; however, with ALS the MSRs are exaggerated and often accompanied by Babinski signs.









Nerve Root, Plexus, or Peripheral Nerve


The presence of cervical or lumbosacral pain with concomitant focal extremity numbness or weakness is characteristic of a radiculopathy. Interspinal disc herniation and spinal stenosis are the most common processes affecting individual nerve roots. Because sensory examination is the most subjective part of the neurologic examination, occasionally it is difficult to clearly define. Sometimes the patient, per se, can provide the most accurate assessment by using his or her finger to outline the area of diminished sensation. It often then becomes clear that the pattern of sensory loss specifically fits the distribution of a particular peripheral nerve or nerve root dermatome. Knowledge of the cutaneous sensory supply of peripheral nerves is essential to perform an accurate and useful clinical sensory examination (Fig. 1-18).
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Figure 1-18 Cutaneous Innervations.




Some peripheral mononeuropathies, or rarely multifocal motor neuropathies, present with unilateral peripheral weakness; in particular, the wrist drop of radial nerve lesions and foot drop of peroneal nerve lesions are mistaken for processes above the foramen magnum, often mimicking a stroke. Understanding the motor distribution of the major peripheral nerves ultimately aids in the correct diagnosis. Although a peroneal nerve lesion causes a foot drop, similarly an L5 nerve root lesion also presents with a foot drop but usually with associated low back pain. Additionally, the L5 lesion also produces weakness of the posterior tibial muscle innervated by the tibial nerve; this provides the means to make a clinical distinction from a common peroneal nerve lesion. Rarely, lesions as high as the parasagittal frontal lobe within the brain may also present with foot weakness.


Atrophy of muscles innervated by the involved nerve occurs when there is significant denervation. Measuring extremity circumference may document significant side-to-side asymmetries and, by inference, muscle atrophy secondary to anterior horn cell, nerve root, or peripheral nerve damage. It is most important also to carefully search for sensory loss, such as one finds with the ulnar nerve lesion often presenting with painless intrinsic hand muscle atrophy mimicking ALS or syringomyelia.









Muscle Disorders


Most myopathic processes lead to symmetric proximal weakness, although such can occur with other disorders, particularly chronic inflammatory demyelinating polyneuropathy or rare neuromuscular transmission defects, such as LEMS. Neck flexor and arm extensor weakness may provide early signs of a myopathic process, especially with myasthenia gravis and the inflammatory myopathies. At its most extreme, these patients may present with a floppy head. On rare occasions, primary myopathies have an asymmetric distribution, particularly inclusion body myositis, that mimics ALS or fascioscapulohumeral muscular dystrophy.















Motor Tone


The motor system depends on multiple inputs in order to provide precise, well-synchronized, and smooth muscle function. These include positive inputs from the cerebrum, basal ganglia, cerebellum, brainstem, and spinal cord through the corticospinal tracts. Projections from the pontine reticular formation and reticulospinal tract also have direct connections with motor neurons innervating the proximal and axial body musculature. These fibers also originate from the cerebrum and cerebellum and have a primary inhibitory function that serves to decrease motor tone. Subsequent to damage of structures above the pontine reticular formation, this circuit loses its inhibitory input from the cerebrum and cerebellum, leading to excessive stimulation of motor neurons, especially with antigravity muscles, including arm flexors and leg extensors leading to a flexed and pronated arm posture and an extended and adducted leg position. This increase in tone is referred to as spasticity. This has an interesting paradox in that at rest the spastic muscle has limited tone, but if there is a sudden attempt by the examiner to change the posture the limb is easily moved for a very short distance and then the degree of resistance immediately and rapidly increases up to a maximum and then dissipates. This resembles a “clasp knife,” i.e., pocket knife, resistance/relaxation.


Four primary types of changes in tone are found in patients with primary CNS disease: hypotonia, spasticity, flaccidity, and rigidity. It is important to place these observed changes in motor tone within the context of the complete neurologic examination rather than in isolation. The patient’s body tone is best evaluated when the individual is fully relaxed. Sometimes, it is useful to check tone more than once during the examination. Tone is described as the patient’s primary level of muscular tension. To become comfortable with this part of the examination, it is important, as with other portions of the neurologic evaluation, to routinely check these parameters in healthy individuals to establish one’s normal base of observations.






Hypotonia


This is occasionally demonstrable in patients with cerebellar hemispheric lesions. For example, the distal part of the ipsilateral extremity may not be able to perform rapid alternate movements (called dysdiadochokinesia) because of the inability to maintain a stable posture. Similarly, the smooth, straight pursuit seen when one elicits the knee MSR loses the out-and-back motion that typically has an inhibitory cerebellar check. Instead, on return, there is overshoot with no check, leading to a repetitive pendular response. This classic hypotonic cerebellar tone is a relatively uncommon finding.


A more generalized loss of normal tone is most commonly seen among infants with either central or peripheral motor unit disorders, classically spinal muscular atrophy (Werdnig–Hoffmann disease) or the various congenital myopathies. Although a similar example is seen in adults, rarely, a floppy head syndrome develops in an older patient.









Flaccidity


This is the term for a total loss of tone and is seen in various disease processes affecting the upper motor neurons. Most commonly, this occurs in acute settings such as with a recent stroke or a sudden spinal cord injury, that is, spinal shock. However, with both of these, the flaccidity is temporary and tone increases later to present in the form of varying degrees of spasticity.









Spasticity


Extremes of muscle tone that are maximal at the initiation of the physician’s attempt to move the limb and then suddenly release partway through the movement (a clasp-knife, spastic release) are the typical findings seen with a spastic limb. Significant degrees of spasticity are easily elicited with any reasonable stimulation of muscles that induces the stretch reflex. More subtle spasticity may be obvious only with stretching the muscle in a specific direction and at a specific rate. Increased tone, such as may occur with stroke or spinal cord injury, evolves from a flaccid state to spasticity over a matter of days to weeks subsequent to the initial neurologic injury.









Decerebrate Rigidity


When there is total loss of a motor neuron inhibition, as may occur with an upper brainstem injury, the syndrome of decerebrate rigidity develops. Here, a simple noxious stimulus leads to bilateral extension in unison of all four extremities, with the arms pronated and the legs adducted (Fig. 1-19) rotated inward. Most commonly, one sees this in the setting of cardiac arrest or from shear injuries to the brainstem resulting from severe head injuries, most typically from automobile accidents or battlefield injuries. When these patients survive 1 to 3 months, and are otherwise totally unresponsive, they are said to be in a persistent vegetative state.
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Figure 1-19 Motor Tone Abnormality.











Rigidity


Increasing tone from basal ganglia disorders, as may occur with Parkinson disease, is known as rigidity. Rigidity creates a continuous sense of tightness in the attempt to move the joint through a full excursion from extension to flexion.












Muscle Stretch Reflexes, Clonus, and the Babinski Sign


Both Ia and Ib peripheral sensory nerve afferents join the posterior columns of the spinal cord, entering through the dorsal root ganglia. Their primary function is to convey information from touch and pressure receptors. Therefore, although the muscle spindles and Golgi tendon organs cannot be specifically tested, some of their spinal cord connections can be clinically evaluated by testing position and vibration sensory modalities. Additionally, the Ia and Ib afferents convey similar information to the cerebellum via the posterior spinocerebellar tract that travels into the cerebellum through the inferior cerebellar peduncle (Fig. 1-20). In isolation, it is difficult to assess the contribution of each tract specifically to motor control.
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Figure 1-20 Cerebellar Afferent Pathways.




With simple passive stretching, such as occurs with tapping the patellar tendon at the knee, the intrafusal muscle spindle is activated, leading to a direct stimulus to the large alpha motor neurons. These in turn stimulate the extrafusal skeletal muscle fibers, leading to the clinically observed muscle contraction (Fig. 1-21). If the afferent sensory or efferent motor limb of this nerve supply is damaged, the muscle stretch reflex (MSR) is affected and may be diminished or lost, as occurs with many peripheral neuropathies. These reflexes are sometimes inappropriately referred to as deep tendon reflexes (DTRs) when in fact their physiologic basis primarily depends on the intrafusal muscle spindle fibers, not the Golgi tendon organs. MSR is a more accurate term.
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Figure 1-21 Muscle and Joint Receptors and Muscle Spindles.




During the neurologic examination, MSRs (named for the specific muscle stretched) are usually readily elicited by tapping lightly over the muscle insertion tendon or while palpating the tendon and then percussing the palpating digit. Occasionally, it is difficult to obtain MSRs in healthy individuals. In this setting, it is sometimes useful to distract the patient or apply techniques that reinforce the reflex to potentiate the appearance of the MSRs. The most common method is the Jendrassik maneuver, wherein patients flex their fingers, interlocking one hand with the other and pulling on the count of 3 while the clinician percusses the appropriate tendon at the knee or ankle. For the upper extremities, the patient may be asked to clench the contralateral fist as the neurologist percusses over the arm tendons, activating the intrafusal muscle spindle.


When grading MSRs, the extremes are easy to appreciate and range from 0 to 4. A reflex grading of 0 is indicative of complete lack of MSR. A generalized loss of reflexes is pathologic and is known as areflexia; this typically occurs in Guillain–Barré syndrome. Briskly responding MSRs are graded as 4 and are typical of a prior stroke or spinal cord lesion. When the patient has brisk MSRs, a single Achilles tendon percussion sometimes elicits a repetitive series of dorsi and plantar movements in the foot. This is known as clonus. This does not commonly occur spontaneously, but clonus may be elicited by giving a quick snap to the dorsiflexed foot as it is held in the palm of the hand. This also occurs, rarely, at the quadriceps tendon. Here the reflex is graded as 4+. The remainder of the grading is very logical. A reflex of 1 is a mere contraction of the muscle; a 2 is a contraction.


The Babinski sign is an important pathologic reflex that is elicited at the lateral, plantar surface of the foot using subtle, very careful stroking with a tongue depressor or the base of a key. The great toe extends, and the remaining toes fan out (Fig. 1-22). A more exaggerated response, known as triple flexion, includes flexion of the hip, knee, and foot, often with a Babinski response. Because this reflex primarily depends on sensory stimulation of the foot, a kind, gentle, nonirritating stimulus is best to obtain an accurate response. It absolutely does not require excessive or painful pressure. With sensitive or ticklish patients, appropriate responses can usually be obtained from a careful stimulation of the lateral outside, not plantar, surface of the foot. However, some patients have a withdrawal response wherein the foot and entire set of toes dorsiflex. This is often overcome by separately pulling down on the middle toe while carefully stimulating the sole in traditional fashion.
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Figure 1-22 Elicitation of the Babinski Sign.




The clinical circumstance where there is a combination of brisk MSRs, clonus, and a Babinski sign indicates an upper motor neuron lesion. These abnormalities result from various pathophysiologic mechanisms originating in the brain or spinal cord. The many possibilities include destructive cerebral lesions, such as stroke, tumor, encephalitis, and spinal cord trauma, or demyelinating disorders such as MS affecting the spinal cord, the brain, or both. Additionally, signs of upper motor neuron lesions are sometimes observed in patients during the postictal period after a seizure or in patients who have toxic or metabolic encephalopathies. Therefore, although brisk MSRs and a Babinski sign are nonspecific regarding the anatomic setting of the CNS abnormality, their presence provides unequivocal evidence of anatomic persistent upper motor neuron pathology, with the exception of the postictal or encephalopathic setting.









Sensory Examination


A carefully designed sensory system evaluation is essential to define the presence or absence of normal sensation and, if abnormal, to define the specific anatomic patterns of loss for the affected modalities. Because part of the sensory examination is fairly subjective, the examiner should analyze the consistency of responses. Additionally, the relevance of sensory changes to the patient’s complaints and other findings needs to be carefully evaluated. Initially, the examination needs to focus on defining the presence or loss of sensation. One must avoid having the patient be overly zealous trying to define the most subtle differences in sensory appreciation. This often leads to an exhausted patient and a frustrated clinician.


In most clinical settings, it is best to separate the sensory examination into two major categories, that is, those derived from superficial skin receptors or deeper mechanoreceptors. The former are small, unmyelinated, slowly conducting type C fibers or larger, slightly myelinated, somewhat more rapidly conducting type A-delta fibers. These small fibers primarily subserve pain and temperature (respectively tested using a pin point or a cold object such as the handle of a tuning fork) and gross touch modalities. The large, well-myelinated type A-alpha and A-beta fibers carry the kinesthetic modalities of position sense studied by the examiner’s passively moving the finger or toe in the vertical plane and asking the patient which direction the digit was moved, either up or down.


Fine tactile discrimination is evaluated by using a pair of calipers to check their ability to recognize whether one or two points are applied to the digit. Vibratory sensation depends on both deep afferent and cutaneous sensory modalities subserved by type A-alpha fibers. It is best tested by a 128-Hz tuning fork that typically has a low frequency rate and longer duration of action. This modality is the one that most commonly diminishes in sensitivity with aging.






Classic Syndromes of Peripheral Sensory Dysfunction


Generalized polyneuropathies typically present with symptoms of numbness and tingling at the tips of the toes and, later, fingers, that is, a stocking-glove distribution (Fig. 1-23). Eventually, this loss will gradually spread proximally past the ankles and wrists into the legs and forearms but usually not above the knees and elbows. On examination with a cold object, a pin (for small fiber function), a tuning fork, and position sense (if large fibers are also involved), the examiner notes a distal loss that is maximum in the periphery and gradually reaches normal at a more proximal site.
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Figure 1-23 Documentation of Various Types of Sensory Modalities in a Peripheral Neuropathy.




Individual mononeuropathies are typified by symptoms and findings specific to a single peripheral nerve (see Fig. 1-18). For example, the patient notes numbness in the thumb, index, middle fingers, and adjacent lateral aspect of the fourth finger if the median nerve is involved. In carpal tunnel syndrome with entrapment of the median nerve at the wrist, the examination results are often subtly abnormal, only with loss of fine discriminatory function with subtle diminution of two-point discrimination. Sometimes, one can employ a reflex hammer to percuss directly over the entrapment site. If there is a focal area of peripheral nerve injury, this action commonly elicits brief paresthesiae distal to the percussion site and within the specific distribution of the sensory fibers of that nerve, in this case the median. This maneuver is known as the Tinel sign; the name applies to instances wherein this simple provocative test defines the lesion site for any mononeuropathy.


Plexopathies are usually unilateral in distribution, affecting the brachial or lumbosacral groups of nerves. Typically, these are characterized by a combined motor sensory loss involving multiple peripheral nerves within the affected limbs. These lesions have a broader distribution of motor and sensory loss than do single nerve root or mononeuropathy lesions. Therefore, when a clinical examination demonstrates findings not exclusively defined by one specific peripheral nerve or nerve root, a plexus lesion is likely to be present.


Radiculopathies frequently are characterized by more subjective, often intermittent but sometimes persistent, symptoms confined to the dermatomal patterns of one specific nerve root (see Fig. 1-17). Pain is the most common symptom, starting in the neck, shoulder, and low back, often radiating down along the limb in a specific dermatomal distribution. The most common and classic example in the cervical region is at the C7 nerve root where there are paresthesiae primarily involving the index and middle fingers. Often there is a concomitant diminution in triceps muscle strength as well as loss of the triceps reflex. In the low back, the L5 nerve root is the classic example, with numbness in the first and second toes and the lateral calf and accompanying weakness of both the tibialis anterior and tibialis posterior muscles. However as the knee jerk relates to the L4 nerve root, and the ankle jerk to the S1 root, the examiner has to test a less commonly utilized reflex, namely the internal hamstring that has an L5 root innervation. When there is sensory involvement along the lateral aspect of the foot and the small toe with absence of the Achilles reflex, an S1 root lesion is most likely.












Spinal Cord Syndromes






Transverse Complete


The site of a spinal cord lesion is defined by identifying the exact distribution of specific motor and sensory deficits of the various sensory modalities (Fig. 1-24). A complete lesion of the spinal cord leads to total loss of function distal to the site of the abnormality. A distinct level of sensory loss can be discerned with tests for loss of pain and/or temperature sensations, associated with loss of sweating below the lesion level. Concomitantly, all muscles subserved by anterior horn cells distal to the site of the lesion experience paralysis. Distinct partial cord syndromes are briefly described below and discussed further in Section VII (see also Fig. 44-13).





[image: image]

Figure 1-24 Somesthetic System: Body.











Brown–Séquard


A lesion in the anterior lateral aspect of the spinal cord causes contralateral loss of pain and temperature sensation. If the lesion is more extensive, leading to damage of the anterior and posterior aspects of the cord on one side, the Brown–Séquard syndrome occurs; it is characterized by contralateral loss of pain and temperature sensation, ipsilateral loss of position and vibration sensation, and ipsilateral upper motor neuron weakness.









Central Cord


Syringomyelia or a central hemorrhage leads to another anatomically specific lesion referred to as the central cord syndrome. The pathology occurs at the center of the cord, destroying fibers carrying pain and temperature sensation from both sides as they cross in the anterior commissure. Because the fibers carrying vibration and position sense do not initially cross at their entry level into the spinal cord, as do the spinothalamic tracts, these ascend within the posterior columns. Therefore a small centrally placed lesion within the cord spares those pathways. This leads to a dissociated sensory loss with isolated loss of pain and temperature sensation, usually in a “cape” distribution, while concomitantly, position sense is preserved.









Anterior Spinal Artery


A patient with an infarction within the territory of this essential artery presents another classic sensory picture. This is related to the inherent territory of supply of the anterior spinal artery; namely, it supplies the anterior two thirds of the cord. Here, there is bilateral damage to the spinothalamic and corticospinal tracts while the posterior columns are spared because of their dependence on the posterior spinal artery system. Although the patient is paralyzed and has total loss of pain and temperature sensation, position and often vibratory sensory modalities are preserved.












Thalamic Involvement


The ventral posterior lateral and ventral posterior medial thalamic nuclei are the two major sensory relay nuclei (Fig. 1-25). Lesions in these areas can cause loss of sensation to all modalities involving the entire contralateral half of the body. This most commonly occurs in patients with lacunar or hemorrhagic infarcts. Initially presenting with a relatively tolerable numbness, eventually the damage incurred from the stroke may produce an unpleasant, sometimes disabling, hyperpathic sensory alteration known as the thalamic pain syndrome. Rarely, this loss of sensation can lead to a limb deafferentiation sensory choreoathetosis. Lesions within the corona radiata, undercutting the parietal cortex, can cause similar, although often less extensive, findings.
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Figure 1-25 Thalamus and Its Multiple Nuclei.











Cortical Sensory Involvement


The parietal lobe receives topographically organized sensory inputs from the thalamic nuclei, brainstem, spinal cord, and peripheral nerves (see Fig. 1-24). An important function of the parietal lobe is the integration of this information with other sensory and motor information to formulate body awareness. In the purest form of cortical sensory dysfunctions, patients are unable to differentiate the location of their toes or fingers in space, make a distinction between one and two points, or employ stereognostic discrimination to allow differentiation of various objects placed in their hands, such as differing coin sizes. In addition, these individuals are unable to recognize numbers traced on the palm (graphesthesia).


Many other sensory abnormalities occur, including “neglect,” wherein the patient with a right, nondominant, parietal lesion is unaware of paralysis or sensory loss of the contralateral limbs. These are especially obvious with double simultaneous stimulation (extinction). Here one or two sides of the body are variably stimulated, and the patient is asked to identify the stimulus location. Individuals with a more subtle parietal sensory loss cannot identify the contralateral stimulus when bilateral stimuli are applied. At the extreme a patient sustaining very large hemisphere and subcortical stroke presents with a complete loss of sensation of the contralateral body.
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2 Cognitive and Language Evaluation




Yuval Zabar, Dana Penney, Caitlin Macaulay





This chapter provides an overview of the very important neurologic evaluation of higher cortical cognitive and language function. This is predicated on an understanding of frontal, temporal, parietal, occipital lobe and cerebellar function. Detailed anatomic drawings of the cerebral cortex are available for one’s review while reading this chapter. It will provide the basics for an introductory mental status examination. In conclusion, the complicated and detailed evaluation of the patient with aphasia is discussed.






Clinical Vignette


A 65-year-old, right-handed, elementary school principal was referred by her primary care physician for evaluation of progressive speech difficulties. The patient reported a 2-year history of insidiously progressive language problems that began with “yes/no unreliability” to the point where she would indicate yes when she meant no, or vice versa. During the next year, she also developed trouble explaining her thoughts. Her speech became variably slurred and “garbled” with mispronounced words, making it increasingly difficult for friends to comprehend. At times she began saying “unexpected” things such as answering the phone stating “yes” versus “hello.” Nevertheless, despite using unusual words for certain given situations, in general her speech “made sense.” Her voice became gravelly as her speech changed in melodic contour, becoming poorly modulated, and more monotone.


Her facial responsiveness became diminished; she frequently appeared angry despite feeling otherwise and her expression seemed “scary” to students. She “lost” her ability to smile and spit while brushing her teeth, developed facial apraxia, and could no longer initiate a smile or eye-blink, although she could spontaneously blink. Mild agraphia developed; in striking contradistinction, she could use the computer and keyboard without difficulty. Her speech and reading comprehension, as well as calculation were normal. She described her mood as “happy”; she denied being depressed. There was no personality change or memory problems. This lady was still independent in her basic activities of daily living (ADLs), being able to live alone, read voraciously easily recalling what she read, hosted dinner parties, pursued her photography hobby, played bridge, and drove her automobile without difficulty.


However, during the next year, she became increasingly apraxic, losing the ability to perform a number of ADLs, including many skilled motor tasks such as removing jar caps and knitting. Her language function further deteriorated and was characterized by an expressive aphasia with markedly dysfluent speech. Concomitantly, she also evidenced increasing verbal and phonemic paraphasic errors, and a stutter with oral lingual dyskinesias that compromised her intelligibility. Interestingly, she relied on texting (e-mails) for verbal communication, despite the frustration that her typing was becoming increasingly laborious as well. Memory and photography skills remained intact. Personality and mood remained unchanged.


On initial examination, she had only minimal facial animation, characterized by diminished eye-blink frequency. Oral lingual dyskinesia with tongue thrusting and grimacing occurred when she attempted to speak. Speech articulation was effortful, monotonic, and dysarthric. She displayed fine-dexterity problems, such as requiring to pick up her purse using a closed hand with a scooping motion rather than normally grasping her pocketbook with her fingers. Typewritten text was grammatically and semantically normal, yet she had trouble writing. She was able to print her name to command, but was unable to write in cursive. When asked to draw a clock to command, she could not form a reliable circle, drawing an ellipse instead, or could not make an appropriate circle face with correct numbers. Here she demonstrated evidence of mis-sequencing, perseveration, and misplacement of numbers and hands. In contrast, she could copy a clock better than draw one. This suggested impaired organization, planning, and sequencing rather than visuospatial construction impairment. Although she demonstrated inconsistencies in reasoning, she appeared highly intelligent, with intact ability to learn new information.


Comment: This case demonstrates a progressive apraxia of speech. The patient is unable to produce speech but she has relatively normal written language. Comprehension is normal. Other cognitive domains are intact although assessment is limited by the patient’s sparse speech production. This is an example of primary progressive aphasia, one of the clinical variants of frontotemporal lobar degeneration.









Introduction


The initial clinical evaluation of a patient such as this affords the opportunity to assess whether a neurologic patient has overt cognitive or language difficulties. The ability to give a well-organized history provides the experienced neurologist with insight into the patient’s general language and cognitive function. In most patient encounters, it is usually clear that intellect and speech are appropriate to the setting, and thus a more formal set of mental status testing is unnecessary. However, in instances of overt intellectual dysfunction, especially when the patient’s demeanor suggests such a possibility, or the family expresses concern about an additional problem beyond that of the primary patient complaint, a more detailed cognitive examination is necessary to complement the standard neurologic examination.


One’s direct interaction with the patient helps define the behavioral aspects of neurologic function; it is their mood, affect, level of cooperation, and distractibility that are noteworthy. The cognitive part of the neurologic evaluation strives to determine the precise level of various higher cortical functions. The human cerebral cortex, with its multiple gyri and network of many million interconnections, is the most complex part of the brain. Anatomically, the cortex is classified into four major functional areas: frontal, temporal, parietal, and occipital lobes (Fig. 2-1; Table 2-1 and Table 2-2). These anatomic substrates are carefully interconnected in a complex network. Although for the sake of discussion, these cortical areas are typically described in isolation, in reality these interconnections with other cortical and subcortical areas are critical for brain function (Fig. 2-2).
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Figure 2-1 Cerebral Cortex (Superolateral Surface).




Table 2-1 Lateral Surface of the Brain: Notable Lateral Sulci






	Structure

	Anatomic Significance






	Lateral (Sylvian) fissure

	Separates temporal lobe from frontal and parietal lobes






	Central (Rolandic) sulcus

	Separates frontal lobe from parietal lobe







From Rubin M, Safdieh J. Netter’s Concise Neuroanatomy, Philadelphia, Saunders, 2007, p. 32.




Table 2-2 Lateral Surface of the Brain: Cortical Lobes, Lateral View


[image: image]







[image: image]

Figure 2-2 Cerebral Cortex: Localization of Function and Association Pathways.




Because some patients are not able to give a history or cooperate with the examiner, the history from reliable family and friends is an essential part of the evaluation. Direct interaction with the patient helps define the behavioral aspects of neurologic function. The patient’s mood, affect, level of cooperation, and distractibility are noteworthy. Many individuals with dementia may seem pleasant and jovial, often finding excuses for their inability to answer questions, rarely with any insight into their deficit. In contrast, patients with severe posterior aphasia may seem agitated and uncooperative, and often respond inconsistently to certain commands but not to others. Assessment of cognitive function requires direct testing of various cognitive domains and a structured, hierarchical approach.









Cognitive Testing


The major cognitive domains included in a routine mental status examination include level of consciousness, orientation, attention, language, memory, visuospatial processing, and executive function. These are best defined as follows:



1. Level of consciousness underlies all aspects of mental status and must be considered immediately. A stuporous patient often displays attention or language impairment; obviously it is not possible to make a cognitive assessment in a comatose patient.



2. Attention allows the individual to focus and register specific information from external and internal environments. Impaired attention may affect the patient’s performance in other cognitive tasks, such as reading, writing, or memorizing lists. Digit span testing is a good means to test attention. The examiner gives the patient a list of five digits and asks them to repeat these in the same sequence. Next, a list of three digits is provided and the patient is instructed to repeat these in reverse order. This test elicits the patient’s ability to give immediate focus and avoid distraction. Fewer than five digits forward or three digits backward may indicate attention problems.



3. Orientation allows an individual to identify when, where, and who they are at any given moment. This requires intact function within widespread cortical regions as well as high-order cognitive processing. Testing this simple modality provides an efficient means to survey general cognitive function. Disorientation to time and/or place may occur in either widespread or focal cortical dysfunction.



4. Language function includes the patient’s ability to monitor and to comprehend language-related sounds and symbols and to generate meaningful verbal or written responses. Most interaction with the patient is language-based, and, therefore, it is crucial to ascertain whether language function is impaired early in the course of the examination. A patient with a nonfluent aphasia may not be able to express three words during memory testing, for example. Such a deficit would not indicate impaired short-term memory or inattention, but primary impairment of language. Impairment of language typically follows left hemispheric damage, although right hemispheric lesions may also impair language function as discussed later in this chapter.



5. Memory testing often focuses on the ability to retrieve a short-term recollection of word lists or stories. Short-term memory, of course, involves far more than the ability to recall a list of words. The brain’s capacity for memory is enormous. It keeps track of what we hear and see, feel and think, from the moment we awaken to the moment we fall asleep. The use of word lists to test the brain’s ability to do this is a very useful bedside tool. The patient must be able to register the words, store them, and then retrieve them from storage. Storage of information can be facilitated with repetition/practice or cuing during the learning phase of the test. Similarly, retrieval of information may be similarly facilitated with cuing. The patient with retrieval memory impairment will benefit from cuing more than the patient with storage problems. The latter patient will not benefit from cuing or practice. Storage memory deficits are typical of medial temporal/hippocampal dysfunction, such as in early Alzheimer’s disease. Whenever a patient has impaired storage function, this must be considered abnormal regardless of age. Retrieval memory deficits are more typical of frontal and subcortical dysfunction; these limitations are characterized by increasing inefficiency and delay in retrieving information, and occur more frequently with advancing age. The precess of short-term memory is analogous to recording video tapes of various events. The person with impaired retrieval has trouble finding the recordings they made, while the person with impaired storage has trouble recording the tapes in the first place.



6. Executive function refers to the brain’s ability to coordinate multimodal cortical processes for the purpose of solving problems, planning and executing tasks, and keeping track of multiple tasks at once. This cognitive ability can be likened to that of a conductor of an orchestra where one efficiently plans and coordinates several sections of the orchestra to achieve a cohesive and meaningful whole.



7. Procedural memory, that is, praxis, is another important cognitive process that refers to the brain’s memory for skilled motor function. This encompasses a host of previously learned motor programs ranging from simple tasks, such as brushing one’s teeth or using a spoon, to far more complex motor activities such as playing the piano. When an individual performs these tasks, he or she does not have to precisely recall what to do; rather, once the person initiates the motor program, the task proceeds implicitly. Praxis per se probably involves several cerebral cortical regions, but when abnormal it is most often associated with dominant frontal lobe dysfunction.



8. Nonverbal recognition, that is, gnosis, refers to the identification and recognition of all aspects of the world around us as well as ourselves. We recognize objects, people, sounds, etc. arranged in very complex sensory environments without needing verbal definition of those items. We can navigate through our world safely and effectively without using language, much like we do while driving home from work, or moving through the hallways of one’s workplace. Agnosia is an acquired failure to recognize things normally. This may involve specific modalities as in visual agnosia or specific content as in prosopagnosia (loss of facial recognition). This processing likely involves bilateral temporal and parietal cortical regions, although right hemisphere temporal parietal pathology predominates.









An Introductory Mental Status Examination


This section provides a brief overview for the initial approach to evaluating mental function. Much of this discussion is further amplified in subsequent sections. A brief mental status exam should first include noting the patient’s level of consciousness, general appearance, behavior, and affect. In addition, there are a series of brief introductory screening tests that are very useful.


Attention testing: Digit span forwards and backwards is an excellent test for attention problems. Serial 7 subtractions taken sequentially from 100 is often examined at the bedside; however, it is not strictly a test of attention. This modality requires calculation and sustained attention or working memory to reliably keep track of the task and work in progress.


Language testing: There are a few basic and efficient means available to initially screen for such impairments. These include (1) a careful conversational speech analysis looking for paraphasic substitutions as well as grammatical errors, (2) noting the ability to follow commands, and (3) naming. Other very useful bedside testing modalities include analyzing the patient’s ability to read, write, and repeat sentences.


Memory is often tested by asking the patient to repeat a list of words immediately after the examiner and then to recall the words after some time delay. Often a 3- or 5-minute delay is employed; however, on occasion subtle problems with storage may require longer delays before recall. Executive function may be assessed by asking the patient to draw a clock with all the numbers and to indicate a specific time. The patient’s approach to drawing the clock given those instructions may provide hints regarding impairment in planning and organizing the task. For example, the circle may be too small, the number placement may be haphazard or incomplete, or the hands may indicate concrete processing, such as pointing to the 10 and the 11 to indicate the time at 11:10. Clock drawing may also demonstrate impairment of spatial processing.


There are several standardized brief assessments of cognition, including the Mini Mental State Exam and the Montreal Cognitive Assessment (MOCA). These studies are particularly useful for assessing memory problems in the elderly. The MOCA is available online at www.mocatest.org along with normative data and translation into multiple languages. It is very useful when screening for very subtle cognitive impairment as seen in Mild Cognitive Impairment or the very earliest stages of dementia. The MMSE may provide a useful tool for staging dementia severity in patients with Alzheimer disease. Additional discussion of such tests is presented in the subsequent dementia chapter (Chapter 18).









Frontal Lobe Dysfunction


The frontal lobe comprises the major portion of the adult brain occupying approximately 30% of brain mass. This includes the motor area (Brodmann area 4), the premotor cortex (Brodmann areas 6 and 8), and significant prefrontal areas (Fig. 2-3). A Brodmann area is a region of the cortex that is defined by the organization of its cells, or cytoarchitecture, as opposed to gross anatomic landmarks such as sulci or gyri. Reference to Brodmann’s areas may provide more precise clinicoanatomic correlation and localization (see Fig. 2-3).
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Figure 2-3 Brodmann Areas: Lateral View of the Forebrain: Cytoarchitecture of the Brain Based on Neuronal Organization.




The significant prefrontal areas are distinct from the adjacent motor and premotor areas, particularly in their connections with other cortical areas and the thalamus (see Fig. 2-2). Most of the prefrontal–thalamic connections are made with the dorsal medial nucleus, a prime relay center for limbic projections originating from the amygdala and the basal forebrain. The reciprocal inputs are the most prominent cortical connections, originating from second-order sensory association and paralimbic association areas, including the cingulate cortex, temporal pole, and parahippocampal area. The frontal lobe is an integrator and analyzer of highly complex multimodal cortical areas, including limbically processed information.


The ablation of both frontal lobes in experimental animals leads to very unusual observations. Some of the most dramatic symptoms, including automatic nonpurposeful behaviors with a tendency to chew randomly on objects, led to the conclusion that the frontal lobe was important for the integration of goal-directed movement. Investigations in the 1950s began to define the importance of the frontal lobe for analyzing various stimuli. Frontal lobe lesions led to loss of normal social interchange, personal internal reinforcement, and judgment. Therefore, patients sustaining frontal lobe lesions are unable to modify behavior despite the potentially harming or embarrassing effects of their actions. Additionally, these individuals tend to perseverate by repeating automatic behaviors that do not result in conclusive actions; these are identified with perseveration testing.


Humans sustaining frontal lobe disorders develop significant personality changes and “release of animal instincts.” One of the earliest descriptions of frontal lobe damage described patients with apathy and disturbed emotions. Elucidation of the frontal lobe connections, particularly the medial-basal portion, demonstrates that the limbic system provides significant input to that area (Fig. 2-4). Autonomic centers originating in the brainstem and hypothalamus also have significant connections with the basal frontal lobe. When these connections are disrupted, aggressive, impulsive, and uncontrolled behavior results. Subsequent study has revealed an even greater depth and breadth of frontal lobe function.
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Figure 2-4 Major Limbic Forebrain Cingulate Cortex Areas.




From a neuropsychological perspective, the frontal lobes are responsible for executive functions. Frontal lobe syndromes typically are classified clinically, anatomically, and neuropsychologically into lateral, medial, and mesial groups. Prefrontal syndromes that affect these anterior areas have been described as dysexecutive, disinhibited, and apathetic-akinetic. From an anatomic perspective, the dysexecutive syndrome is due to damage of the dorsolateral prefrontal area. The disinhibited syndrome is due to disorders affecting the orbital brain while the apathetic–akinetic syndrome is due to medial area dysfunction.


Patients with damage to the dorsolateral prefrontal cortex typically exhibit stereotyped and perseverative behaviors with mental inflexibility (i.e., stuck in set). Additionally, one will note that these patients demonstrate poor self-monitoring, deficient working memory, difficulty generating hypotheses, and reduced fluency. These patients often demonstrate an associated inefficient/unorganized learning strategy, with impaired retrieval for learned information as well as a loss of set. Such individuals are typically apathetic, exhibiting reduced drive, depressed mentation, and motor programming deficits.


Damage to the orbital–frontal area is characterized by patients presenting with prominent personality changes. They are often disinhibited, impulsive, perseverative, and have potential to be socially inappropriate with poor self-monitoring. Inappropriate euphoria, affective lability with quick onset, poor judgment, and tendency to confabulate are other characteristic personality changes. Typically, these patients exhibit impaired sustained and divided attention, increased distractibility, and anosmia.


Patients with damage to the anterior cingulate gyrus typically experience difficulty reacting to stimuli. They have an impaired initiation of action as well as impaired persistence, reduced arousal, and akinesia/bradykinesia, with loss of spontaneous speech and behavior. Such individuals may present with monosyllabic speech, appear apathetic, have a flat or diminished affect, and may be docile.


Although these various prefrontal lobe syndromes pertain to localized lesions, it is not uncommon for patients to display overlapping behaviors as it is relatively uncommon to have isolated areas of precise frontal lobe pathology. Also, certain behaviors are witnessed that are not due to specific localized deficits. There are some nonspecific frontal signs that sometimes can be elucidated during neurologic examination of the patient with disorders of this nature. These include various frontal release signs, particularly involuntary grasping, and suck reflexes. However, one must take care with interpretation of these findings, especially with elderly individuals, many of whom will have an increased incidence of such findings with normal aging or in the presence of generalized neurologic illness such as with various encephalopathies.


Language dysfunction is a common finding of some frontal lobe lesions. Broca aphasia is the classic form of frontal lobe language dysfunction with dominant hemisphere lesions. It is characterized by a nonfluent, effortful, slow, and halting speech. This language dysfunction is typically of reduced length, that is, few words with reduced phrase length, simplified grammar, and impaired naming. Repetition is characteristically intact. These individuals often have associated apraxia (buccofacial, speech, and of the nonparalyzed limb) and right-sided weakness of the face and hand. Transcortical motor aphasia is another characteristic of frontal lobe language dysfunction. These patients often have very limited spontaneous speech as well as delayed responsiveness. They also tend to be perseverative, akinetic, and may also have contralateral leg weakness and urinary incontinence because of a mesial lesion. This may result from a lesion either in the distribution of the anterior cerebral artery or in the watershed area between the middle and anterior cerebral artery territories. Proximal extremity weakness very rarely, if ever, occurs with a vascular watershed lesion. Auditory comprehension (barring complex syntax), repetition, and naming are intact in transcortical motor aphasia.


Various diseases or injuries that result in executive dysfunction do not necessarily have to directly affect the frontal lobes per se. This is due to the presence of widespread subcortical–frontal cortical as well as other cortical–frontal cortical connections wherein a distant nonfrontal lesion can impact on primary frontal lobe function. When someone sustains an acceleration/deceleration brain injury wherein the brain strikes the bony prominences of the skull, there is an increased incidence of frontal lobe injury. This is particularly the situation with injuries either at the basal orbital frontal regions lying directly adjacent to the skull’s cribriform plate or at the frontal poles adjacent to the frontal bone. Frontal lobe injury may also result indirectly because of shearing of white matter tracts.


Dementing illness, particularly those referred to as frontal-temporal lobar dementias and Lewy Body disease, present with executive dysfunction. This similarly occurs with various subcortical dementias. These occur with Parkinson disease, Huntington disease, AIDS-related dementia, and demyelinating disorders that lead to involvement of subcortical white matter connections. Additionally, there is a high incidence of executive dysfunction with vascular disease, whether due to large vessel stroke, small vessel ischemic disease, or ruptured aneurysm (typically of the anterior communicating artery). The anterior cerebral artery and middle cerebral arteries supply the anterior and medial portions and the lateral dorsal frontal cortex, respectively. Primary brain tumors, for example, gliomas, oligodendrogliomas, meningiomas, and pituitary adenomas, may typically affect executive functioning. Various causes of hydrocephalus, particularly normal-pressure hydrocephalus, may present in a similar fashion although a gait disorder may often presage the dementia-associated normal-pressure hydrocephalus.









Temporal Lobe Dysfunction


Because of the complexity of the temporal lobe regions and the high interconnectivity with other brain regions, damage or injury can result in a wide variety of deficits involving many cognitive functions. It is impossible to assess all of them during an office visit or bedside consult. However, it is important to recognize some of the major symptom complexes that may occur with lesions in this elegant portion of our brains. One needs to be able to quickly evaluate the patient for lesions at this critical level through specific interview questions with the patient and family or in either the office or bedside setting. The primary manifestations that are addressed here are personality and affect alterations; language and naming deficits; visuoperceptual difficulties; and lastly memory learning problems.


An understanding of temporal lobe anatomy helps one appreciate the various clinical deficits that can arise from lesions at this level. The temporal lobe is defined as encompassing all brain regions below the Sylvian fissure and anterior to the occipital cortex (Figs. 2-1, 2-5, 2-6). These also include subcortical structures such as the hippocampal formation, the amygdala, and limbic cortex. The temporal lobe is divided into three distinct regions: the lateral area consisting of the superior, middle, and inferior temporal gyri; the inferior temporal cortex containing the auditory and visual areas; and the medial area including the fusiform gyrus and parahippocampal gyrus.
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Figure 2-5 Cerebral Insular Cortex.
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Figure 2-6 Cerebral Cortex (Medial Surface).




The temporal lobe is characterized by a high prevalence of multisite brain connections through efferent projections extending to the limbic system, basal ganglia, frontal and parietal association regions, as well as afferent projections from the sensory areas. The right and left temporal lobes are connected by the corpus callosum and anterior commissure. This interconnectedness contributes to the diverse cognitive and behavioral changes that can result from injury to the temporal lobes. Each of the temporal lobe regions is important for specific cognitive functions and modifies cognition specific to other regions through the many inherent temporal lobe interconnections.






Personality


Disorders affecting the limbic structures (amygdalae) within the temporal lobes can result in alterations of personality and affect. Head injury, neurodegenerative dementias, central nervous system infections, particularly herpes simplex encephalitis, and temporal lobe epilepsy are some of the common insults that may be associated with acute to episodic chronic emotional lability or discontrol. Personality and emotional changes are best assessed by patient as well as family interview. Very often the family first notices the emergence of angry or aggressive outbursts, irritability, or depression that is disproportionate to the patient’s life situation. Frequently, relatives report that the patient has become “different” or “difficult.” Often, there are changes in sexual comportment. The development of hyperreligiosity, hypergraphia, and clingy behavior (temporal lobe personality) is witnessed among patients with temporal lobe epilepsy.


The patient who becomes excessively irritable or angry during mental status testing may have limbic involvement. It is common for some individuals to complain a bit about bedside testing (too tired, not able to draw well, bad at math, feel “stupid”). Furthermore, it is understandable that worried or sick patients might be depressed or cranky. However, excessive, abrupt, or unanticipated emotional outbursts, rage, or erratic behavior are not typical; these need to be both noted and equated with the clinical question at hand. A sudden refusal to cooperate, throwing the pen, crumpling response paper, change in voice such as ranting, or yelling, or even abrupt tearfulness are each suggestive of limbic involvement. The key elements are poor modulation and a change from the patient’s baseline personality.









Language


Functions of the right and left hemispheric regions have individual variations that are contingent upon hemispheric language dominance. Population studies estimate that 90–95% of adults are right handed. Estimates of left-hemisphere dominance for language have been determined by various studies of stroke patients, functional magnetic resonance imaging (fMRI), and intracarotid arterial amobarbital (WADA) investigations. Left brain dominance occurs in more than 95% of right-handers and in almost 20% of left-handers. Right hemisphere or bilateral language distribution is found in approximately 20% of left-handers. The likelihood of right hemisphere language dominance increases with the strength of a patient’s left-handedness and increased frequency of familial left handedness. Thus, a TIA with left-hand weakness could result in transient speech disruption or naming problems, particularly in a left-handed patient or a right hander with left-handed relatives. Knowing which hemisphere is most likely dominant for language is critical to the diagnosis of various cognitive problems.


Left dominant temporal lobe injury leads to major language deficits. Wernicke aphasia is the most classic example occurring with lesions of the left superior temporal gyrus (see Fig. 2-1). Typically, these patients demonstrate spontaneous speech that is fluent with phonemic (mixed syllables) and verbal (incorrect words) paraphasic errors at times referred to as a word salad. In addition, these patients have problems with naming, comprehension, repetition, reading, and writing. There may be total lack or incomplete awareness of these various impairments. Such speech changes can be accompanied by emotional symptoms that are associated with the limbic region.


Circumscribed deficits in language functions sometimes emerge if the temporal lobe is disconnected from other brain regions. One of these disconnection syndromes, Pure Word Deafness, can occur when an intact Wernicke area is disconnected from both auditory cortices. The deafness is only for words, and the patient can hear and interpret normally meaningful nonverbal sounds like a baby crying or phone ringing. Bilateral destructive temporal lobe lesions including the transverse oriented Heschl gyrus impair word comprehension and also the identification of meaningful sounds and result in the syndrome of cortical deafness. These syndromes can result from a number of medical conditions, including bilateral strokes, herpes simplex encephalitis, and other infectious disorders. Patients may also have subtle problems discriminating speech sounds, suggestive of left temporal damage. These patients may complain that people are talking “too fast” or that they “can’t hear.” The problem is not actually the rate of speech; it is difficulty discriminating sounds that are presented quickly. To test this, simply speak more slowly with distinct pauses between each word without changing voice volume or simplifying the words that you are using.


Patients frequently complain of “short-term memory” problems that they describe as a failure to “remember” words (typically nouns) although they can recognize the word that they are searching for if it is provided by someone else. “Forgetting words” is not a memory problem; it is a disorder of language typically associated with impairment of the temporal lobe that may occur with or without a true memory impairment. Object naming is disrupted in all of the aphasic syndromes, and is also a common early symptom in dementias affecting the temporal lobes. It was an early symptom in the patient with frontal temporal dementia described at the beginning of this chapter and is a common early complaint for patients with degenerative disorders such as mild cognitive impairment (amnestic or nonamnestic), Alzheimer disease, and vascular dementia. Lesions in the nonlanguage temporal lobe can result in amusia. This is a collection of disorders wherein patients are unable to recognize musical melodies or specific aspects of music (including even dramatic changes in pitch).


Naming deficits are easily tested using the Mini-Mental State Examination (MMSE) naming items as well as objects available in the patient’s room or your office. If a patient cannot name the specified object that you point to, then provide the first sound of the object name (phonemic cue), such as com for the word computer or laa for the word laptop. If the patient is then able to say the name of the object, then they do know the word but have a problem with retrieval. Word fluency tests are also useful in measuring naming problems associated with temporal lobe dysfunction. In the frontal lobe section you learned to use a word generation task that asks the patient to generate in one minute as many words as he or she can beginning with a particular letter. A variation of that task requires the patient to generate words pertaining to a specific category (i.e., proper names, musical instruments, animals). This task requires the patient to retrieve nouns rapidly. Problems generating restricted category words are suggestive of temporal lobe damage, while problems with generating restricted letter words suggest frontal lobe damage.


Damage to the inferotemporal cortex can result in disorders of visual perception; frequently this occurs without the physician being able to demonstrate precise visual field deficits. The temporal lobes help in processing the visual information. Damage to the right temporal lobe can result in a wide variety of deficits, including inattention to the contralateral left side of visual space (more frequent in right temporal lesions), problems with visual object recognition, and the ability to recognize anomalous aspects of pictures and discriminate faces. There may be problems with perceiving and understanding social cues, such as understanding that their appointment is over when you glance at your watch or when you stand up at the end of an appointment.


Perceptual deficits arising from the temporal lobe are difficult to test because other functions, including attention, organization, spatial orientation, and memory overlap with tasks of perception, making the perceptual component of a deficit difficult to isolate. Damage to either or both temporal lobes may result in perceptual impairment. When using visual material to test perception, the language hemisphere may be helping to process pictures, and the nondominant hemisphere may be contributing to understanding the shapes of words. Patients with acquired alexia are sometimes taught to use visuospatial techniques to help them relearn to read. The nonlanguage hemisphere role in reading is demonstrated below. One of the groups of lines below represents the word “horses” and the other represents the word “elephant.” Can you determine which grouping represents the word “elephant”?
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Notice that there are no letters, but because of the right hemisphere contribution you can still identify the word on the left as “elephant” from the contour created by the lines. Similarly, the nonlanguage temporal lobe can also help decode words that are seemingly nonsense if you attend strictly to the letters and rules of phonics. In fact, it deosn’t mttaer in waht oredr the ltteers in a wrod are, the olny iprmoetnt tihng is taht the frist and lsat ltteer be at the rghit pclae.


Asking the patient to provide a handwriting sample is very important in order to assess these various problems (Fig. 2-7). Damage to the left temporal region may result in wider right-side margins, spaces, or wide separations between letters or syllables and disrupt the continuity of the writing line. Patients with damage to the left temporal region may also be noted to have a decline in ability to write in script, as opposed to a better-preserved ability to print.
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Figure 2-7 Testing for Defects of Higher Cortical Function.




The clock-drawing test that was used to identify frontal lobe deficits is also useful in identifying temporal lobe deficits (see Fig. 2-7). In order to draw a clock, there must be a mental visual representation of what features are essential. Visuospatial abilities are essential to determining the layout and proportions, and for making sure that features are accurate on both sides of space. Visuospatial perception is also a component of evaluating the output and making corrections.


In the clock drawing below, the entire left side is neglected, and the right side is drawn twice because the patient did not attend to his first attempt. This patient had a right temporal lesion causing perceptual problems on the left side of space within the context of intact visual fields.
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The clock drawing below demonstrates several types of errors associated with the temporal lobes. The patient has added additional structure (lines that look like spokes in a wheel), in an attempt to compensate for perceptual problems in spacing the numbers. There is a numbering error in the upper left quadrant and the hands are missing. These errors are suggestive of right temporal involvement. In addition, the patient wrote a cue to help remember the time, suggesting compensation for a memory problem. Note, too, that the time cue is incorrect: Rather than 10 past 11, the patient wrote 10 to 11, suggesting a language-processing problem. Memory loss, language problem, and time concept error are all suggestive of temporal lobe deficit.
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The temporal lobes are essential in the learning of new information. Damage here will affect memory. The ability to retain information starts with acquisition (attention, sustaining focus, organization), encoding (information processing), storage (retention of information through consolidation), and retrieval (accessing the information that is in storage) of the information that is stored. Explicit or episodic memory is information that can be specifically stated (contextual knowledge, autobiographical information, events, the knowledge in this book). Information that is recalled or influences behavior per se, without conscious intention, that is, procedures such as how to drive a car or ride a bicycle, is called implicit memory. Memory deficits may result if any of these complex stages fail. Damage to different regions of the temporal lobe can result in various breakdowns in the memory encoding and storage process. Damage to the mesial temporal regions, the hippocampal complex, can result in profound memory deficits as is well demonstrated by the famous case of HM.








On December 2, 2008, Henry Gustav Molaison, age 82, died of respiratory failure. If the name is unfamiliar, that’s because for the last 55 years, he was known to the world only as HM. In 1953 Mr. Molaison underwent temporal lobe surgery for severe epilepsy with uncontrolled seizures. Although the surgery was largely successful in reducing seizure frequency, it left him with a profound memory loss and essentially no ability to learn new things. For fifty five years after the surgery, he could recall almost nothing that happened subsequently: births and deaths of family members, the events of 9-11, or what he did that morning. Each time he met a friend, each time he ate at a restaurant, each time he walked into his own home, it was for him, the first time.





Damage to the inferior temporal regions interferes with the intentional retrieval of information. Lesions of the left hemisphere tend to preferentially compromise retrieval of verbal information (e.g., conversations, word lists), whereas right hemisphere damage tends to impair the retrieval of visual information (e.g., misplacing items). Assessment of memory is an important aspect of the mental status exam. Patients with memory deficits frequently have difficulty accurately reporting the type and extent of their memory problems. Interviews with the family are the best way to quickly determine the type of memory impairment and the implication of the memory deficit for that patient. The terminology for memory functions may be confusing and may be used differently by different physicians. Effective communication of results and accurate retesting at a later date require both the use of descriptive terms for documenting memory complaints stated by the family, including examples, and a detailed description of the procedures amount and type of information presented, interval delay, and instructions that you use to test memory. One must specify the number of learning trials or types of problems observed during the learning trials, that is, acquisition. It is important to attend to any strategies, for example, rehearsal, that a patient may use to learn the information, that is, encoding. Note how much information is freely recalled after at least a 10- to 15-minute delay retention, and the improvement in the amount of information recalled with cues when compared to the amount freely recalled, that is, retrieval.


Information and orientation questions are useful in assessing episodic memory. Knowing where you are, the date and the time of day, without looking at a clock, have clinical utility. If the patient is not oriented to time, within 30 minutes, then there are likely to be medication compliance problems. The key to assessing information storage is to ensure that registration and encoding have taken place and to allow for sufficient time for memory to decay, that is, forgetting, prior to testing retention. The memory problems in disorders like early Alzheimer disease may not be apparent when tested following a few minutes’ delay, but they may be evident when tested 15 minutes later. The MMSE registration and recall of three objects is often used to assess memory function. Although a reasonable brief bedside task for the very impaired patient, it is insensitive to impairment in the young or mildly impaired and can result in the underestimation of memory deficits because of the abbreviated list to be learned and short interval delay between registration and recall. The addition of a second recall condition, 10–15 minutes later, at the completion of your examination affords additional time for storage as well as memory decay. This may be very important for detecting modest memory impairment.












Parietal Lobe Dysfunction


The parietal lobe is situated between the frontal and occipital lobes. The central sulcus separates frontal from parietal cortex, while the parietooccipital sulcus separates parietal from occipital cortex (see Fig. 2-1). The Sylvian fissure forms the lateral boundary separating parietal from temporal cortex. The most anterior portion of the parietal lobe, sitting immediately behind the central sulcus, is the primary somatosensory cortex (Brodmann area 3; see Fig. 2-3). More posteriorly, the parietal lobe may be divided into the superior parietal lobule (Brodmann areas 5 and 7) and the inferior parietal lobule (Brodmann areas 39 and 40) (see Fig. 2-3). These areas are separated by the intraparietal sulcus.


The primary role of the parietal lobe is to integrate multimodal sensory information, creating a sensory map of one’s self, the perceived world around you, and the relationship of the self within the world. Recent research in primates elucidated the functional anatomy of the parietal lobe. The posterior parietal lobe is thought to primarily integrate visual and somatosensory data allowing proper hand–eye coordination, spatial localization of objects, proper targeting of eye movements, and accurate gauging of the shape, size, and orientation of objects. Further functional subdivision identifies that the posterior (dorsal) portion provides integration of spatial vision via occipital-parietal connections, the “where” stream, whereas the inferior (ventral) regions involve visual recognition of objects and actions via occipital and temporal connections, the “what” stream. There is a further specialization of function within the parietal lobes determined by lateralization. Number processing and calculation are primarily represented within the left hemisphere whereas sensory integration is predominately defined within the right hemisphere.


Somatosensory integration begins in the primary somatosensory cortex, where basic tactile localization is appreciated. This is evaluated by testing both joint position and two-point discrimination sensory modalities. Once sensory information is received in the primary somatosensory cortex, this then streams posteriorly toward the somatosensory association cortex (see Fig. 2-2). Here, tactile information is integrated to provide discriminatory sensation over larger areas of the body surface for sensory definition of object weight, size and shape, texture, etc. This allows for specialized tactile sensation, such as graphesthesia and stereognosis. Most importantly, this allows the integrative mapping of the spatial, tactile, and visual aspects of one’s body. The sensory mapping of the external world takes place posteriorly in the parietal lobe. There are two “functional maps,” one of the self and the other of the world. These are also integrated, presumably in the heteromodal association area in the right parietotemporal–occipital junction.






Right Parietal Lobe


Patients with lesions at this level develop unilateral neglect of sensory events occurring on their left side when sensory input from those areas seemingly appears to vanish. The patient is unaware of those events, as though they were not happening at all. The patient may be completely unaware of the examiner standing on his left side. Sometimes, this occurs in a milder form, whereby events on the left side of the patient extinguish when competing with sensory events on the right side. Double simultaneous stimulation provides a way to test this at the bedside. When the examiner touches the patient on either side individually, the patient detects each stimulus correctly. However, when the stimuli are presented simultaneously, the patient with neglect will not detect the stimulus on the left side. This may also occur with simultaneous visual stimuli in both visual fields.


A related condition, called asomatognosia, involves the patient’s inability to recognize his own body part. When viewing his own hand, the patient does not recognize it as his own. Moreover, he may misidentify it as someone else’s limb. Anosognosia refers to the patient’s absent recognition of illness or disability, which is not mediated by psychological denial and is not associated with a disturbance of mood (Fig. 2-8). A milder version of neglect may occur while writing or drawing. The patient may draw a clock and place all the numbers and even the hands within the right hemispace of the clock face. Visuospatial impairment is relatively common following right parietal lesions. This may be seen on construction tests, where the patient is asked to copy shapes, such as a clock, a cube, or overlapping geometric figures (see Fig. 2-7).
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Figure 2-8 Nondominant Hemisphere Higher Cortical Function.




Dressing apraxia is a fascinating condition though likely a misnomer. This condition involves loss of ability to dress in the absence of weakness or primary sensory loss. This is related to the patient having impaired spatial processing and body mapping and thus losing their ability to dress appropriately. Typically these individuals are unable to distinguish where to place their arm and/or leg within an article of clothing. This is amplified in the office or at the bedside when the examiner takes a shirt, for example, rolling it up, turning a sleeve inside out, and asking the patient to put it on appropriately. Such patients are classically befuddled by this setting and cannot appropriately place the garment on their body; they have difficulty aligning their clothes properly, rather than forgetting the proper motor sequence for dressing. They cannot rearrange the shirt appropriately to insert their arms correctly into the sleeves. It is not a true apraxia because the motor program for dressing is presumably intact. Sometimes, the dressing difficulty occurs only on the left side with a right parietal lesion. In this circumstance, this finding is considered a part of the neglect syndrome.









Left Parietal Lobe


Gerstmann syndrome is the classic representation of left parietal cerebral dysfunction. This includes four different sets of symptoms that emerge in comparison to those occurring with right-sided parietal lesions. These patients may exhibit an (1) inability to perform arithmetic, acalculia; (2) left–right confusion, an inability to distinguish left from right side; (3) inability to identify specific fingers such as index, middle, or ring, that is, finger agnosia; and (4) inability to write, agraphia. When all four of these symptoms occur together, the condition is known as Gerstmann syndrome. It is debatable whether it ever presents in a pure form given the high proportion of patients with left parietal dysfunction who also have some degree of aphasia. It is intriguing whether the agraphia related to left parietal dysfunction is qualitatively different from agraphia with more anterior lesions, although very difficult to determine in aphasic patients.


Balint syndrome is representative of disorders related to posterior parietal dysfunction and includes three specific forms of visual disorientation. (1) Simultanagnosia is evident when the patients are unable to perceive their surroundings as a whole. They literally perceive their environment just one object at a time. Often they have trouble detecting movement. (2) Optic ataxia occurs when the patient is unable to shift gaze toward a target accurately. There is a tendency to overshoot or undershoot the target. (3) Ocular apraxia is the inability to shift gaze at will toward a new target; this is commonly seen together with simultanagnosia. Cases of Balint syndrome typically follow bilateral posterior parietal lesions, but there are case reports of unilateral right posterior parietal lesions with Balint syndrome as well.


Classically, these syndromes were described in cases of stroke or tumor. However, a gradual presentation of such symptoms also occurs in cases of posterior dementia, a primary neurodegenerative disease affecting posterior parietal lobes initially before spreading to involve other cortical regions. An interesting cognitive syndrome in these patients is topographical amnesia, a condition defined by loss of memory of familiar places and routes. In such cases, patients may get lost in their own home but memory for stories, conversations, and lists of things to do may be normal.












Occipital Lobe Dysfunction


The primary function of the occipital cortex is to process and organize visual information. The calcarine area, Brodmann area 17 (Figs. 2-9 to 2-11; Table 2-3), represents the primary visual cortex. It is located within the medial side of the occipital cortex along the calcarine sulcus. This region is also called the striate cortex because of prominent myelin striation, called the Stria of Gennari. The portion of the occipital cortex that lies beyond the primary visual area is termed extra-striate cortex; it subserves higher order visual processing, including color discrimination, motion perception, shape detection, etc. Each visual area contains a full map of the mentally perceived visual world.
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Figure 2-9 Cerebral Cortex (Medial Surface of Brain Lobes and Functional Areas).
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Figure 2-10 Cerebral Cortex (Inferior Surface).
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Figure 2-11 Occipital Lobe Functional Anatomy.




Table 2-3 Inferior Surface of the Brain






	Cortical Structures






	Structure

	Anatomic Notes

	Functional Significance






	Frontal pole

	Anterior-most portion of frontal lobe

	Vulnerable to injury during head trauma






	Straight gyrus (gyrus rectus)

	Most medial and inferior gyrus of frontal lobe

	 






	Olfactory sulcus

	Separates straight gyrus from more lateral orbital gyri

	Olfactory tract travels with this sulcus






	Orbital gyri and sulci

	Form the floor of frontal lobes; rest on the roof of orbits

	 






	Temporal pole

	Anterior-most portion of temporal lobe

	Vulnerable to injury during head trauma






	Uncus

	Medial-most bulb-shaped projection of temporal lobe

	If swollen may compress the ipsilateral midbrain, causing contralateral hemiparesis






	Parahippocampal gyrus

	Large inferomedial temporal lobe gyrus

	Involved in emotion as part of the limbic system






	Collateral sulcus

	Separates parahippocampal gyrus from medial occipitotemporal gyrus

	 






	Medial occipitotemporal gyrus

	Lies lateral to parahippocampal gyrus

	 






	Occipitotemporal sulcus

	Separates medial and lateral occipitotemporal gyri

	 






	Lateral occipitotemporal gyrus

	Forms inferolateral border of temporal lobe; contiguous with inferior temporal gyrus

	 






	Occipital pole

	Posterior-most portion of the occipital lobe

	Vulnerable to injury during head trauma







From Rubin M, Safdieh J. Netter’s Concise Neuroanatomy, Philadelphia, Saunders, 2007, p. 37.


The primary visual cortex provides a low-level description of visual object shape, spatial distribution, and color properties. Projections from the extra-striate cortex branch ventrally toward temporal lobes and dorsally toward parietal lobes. The visual information from the ventral stream integrates with temporal lobe association areas to allow recognition of objects, people, and places. Visual information travelling through the dorsal stream merges with parietal association areas to allow proper visual orientation of objects in the environment and of the self within the environment (see Fig. 2-2). There are few cognitive syndromes attributable to disorders placing the occipital lobe in isolation.


Cortical blindness follows bilateral occipital lobe injury. Patients are completely blind but, paradoxically, may deny their symptom. Frequently these individuals describe scenes with extraordinary detail, often with bizarre contextual information. These patients function as though delusional, insisting their vision is intact despite clear evidence to the contrary, lying down, or being unable to manipulate any object they see. This condition, also known as Anton syndrome, most commonly occurs after bilateral posterior cerebral artery strokes, progressive multifocal leukoencephalopathy, and posterior reversible leukoencephalopathy.


Pure alexia without agraphia is a disconnection syndrome that occurs when a lesion within the left occipital lobe extends to involve fibers traversing across the splenium of the corpus callosum from the right occipital lobe (see Fig. 2-10). This process causes loss of the ability to read while sparing all other language function. All cases include a right homonymous hemianopsia (hemifield cut). Visual information recorded by either or both occipital lobes must be directed to the posterior left temporal lobe per se in order for the individual to detect and process the visual symbols of language. Therefore, the combined left occipital lobe and splenium lesion effectively blocks data—perceived in the left visual field and recorded in the right occipital lobe—from being sent to the contralateral dominant temporal lobe. Thus, even though such individuals can see objects in their left hemifield, utilizing their still intact right occipital lobe, all vision from this cortex effectively has a conduction block vis-à-vis the precise act of reading. This is because any visual symbols of language are no longer being transmitted through the splenium and thus do not reach the dominant language areas. In essence, this lesion disconnects the right visual cortex visual information from reaching the contralateral language, and writing centers. Although the left hemifield remains intact, its potential language information cannot be “seen” by the dominant left temporal lobe. In effect, this condition could also be called pure word blindness.


In summary, the clinician may use a variety of higher cortical function assessment modalities to evaluate patients with primary cerebral cortex disorders. Some common examples of these methods are outlined in Figure 2-7.









Cerebellum


There has been longstanding debate regarding the cerebellum and the role it plays in cognition and behavior. During the 17th century, debates occurred as to whether the cerebellum was critical for vegetative functions and survival. During the 18th century, some considered whether the cerebellum was the center for sexual function or pure motor functioning, a more limited approach. In the 19th century, the sole proposed focus was directed at its role in coordinated movement. More recently, in the latter half of the 20th century, neuroscientists have come to recognize that the cerebellum may be responsible for more than just a balance and coordination function; however, for some this is still a debatable topic. Most think of motor symptoms when considering cerebellar disorders, and these would consist of ataxia, dysmetria, disordered eye movement, scanning dysarthria, dysphagia, and tremor.


However, the cerebellum is connected to the contralateral cerebral hemispheres, the dorsolateral prefrontal cortex, posterior parietal and superior temporal areas, and occipital lobes, as well as limbic structures. Thus, it is not surprising that there is an increased focus on the cerebellum having an important role in cognitive functioning. Kalashnikova et al. studied 25 patients with isolated cerebellar infarcts and found that 88% exhibited cognitive impairment. Based on the pattern of deficits, they divided them into two groups: dysfunction of the prefrontal and premotor areas and dysfunction of the posterior parietal/temporal/occipital area.


Schmahmann and Sherman have postulated that there is a cerebellar cognitive affective syndrome. They attribute this to cerebellar lesions that are connected with the associative zones. Cognitive affective syndrome (CAS) is associated with executive dysfunction (e.g., planning, set-shifting, abstract reasoning, divided attention, working memory, perseveration, verbal fluency, and memory deficits due to executive dysfunction), speech disorder (agrammatism, dysprosody, mild anomia), visual spatial dysfunction (difficulty copying and conceptualizing drawings), and personality changes (flat affect, disinhibition, impulsivity, pathologic laughing/crying). However, the degree of impairment tends to depend on the location of cerebellar damage.


Specifically, those with acute cerebellar stroke, slowly progressive cerebellar degenerations, or small strokes within the cerebellum, primarily supplied by the superior cerebellar artery, tended to exhibit very subtle deficits. In contrast, those with bilateral or large unilateral strokes in the territory of the posterior inferior cerebellar arteries, or those with subacute onset of pancerebellar disorders, exhibited more striking deficits. There is a wide range of possible etiologies of cerebellar disorders, including developmental, genetic, toxic, vascular, metabolic, infectious, tumor, trauma, degenerative, and autoimmune. Thus, these patients not only have cerebellar involvement but frequently also have involvement of other areas of the cerebrum.


However, the neurophysiologic role of the cerebellum in cognition is still in relative infancy. It is likely that some study findings will be replicated and it will become more widely accepted that the cerebellum does have a significant role in cognitive functioning. Bedside testing of cerebellar motor dysfunction requires observation of gait and balance, the presence of dysmetria with use of the extremities, tendency to overshoot or overcorrect, and eye movement abnormalities.






Aphasia


Language encompasses multiple cortical regions and is not classifiable within strict cortical anatomic borders. Impairment of language function is a common neurologic symptom presenting acutely, as in stroke, or more insidiously, as in primary progressive aphasia. The classic nomenclature of the aphasia syndromes is largely based on lesion analysis in cases of stroke or tumor. These syndromes postulate distinct cortical regions responsible for the various phases of language processing from comprehension to expression. Broca syndrome is characterized by stuttering, agrammatical, effortful, and telegraphic language. This was thought to be an expressive language disorder typical of anterior frontal lesions (so-called motor aphasia). Wernicke aphasia, typified as a receptive comprehension language disorder, is characterized by the fluent expression of wrong or nonexistent words and syllables that is sometimes referred to as a word salad. Receptive language disorders were thought to be related to lesions of the more posterior temporal parietal cortex (Fig. 2-12).
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Figure 2-12 Dominant Hemisphere Language Dysfunction.




Other aphasia syndromes, such as conduction aphasia, anomic aphasia, and the transcortical aphasias emerged to describe aphasic syndromes that did not fit neatly into the broader forms of expressive and receptive aphasias. These syndromes were traditionally associated with strokes in various left MCA strokes or tumors and thought to have some localizing value. However, exceptions to the traditional classification of aphasia occur commonly. For example, it is not unusual for a posterior MCA division stroke to produce a nonfluent aphasia. Moreover, the progressive aphasia syndromes often produce characteristic language disorders that do not fit any of the traditional aphasia paradigms. Indeed, even in the acute stroke setting, the classification of aphasia as expressive or receptive, motor or sensory, nonfluent or fluent, is too simplistic and often inaccurate. Very few patients present with pure aphasia syndromes.


Often, patients with aphasia present to the neurologist complaining of word-finding difficulty; this is a broad-based symptom that is not always the result of a primary language disorder. Rather, it may be a manifestation of either inattention or a memory impairment. Therefore, the assessment of language must distinguish primary language disorders from other cognitive deficits, that is, secondary word-finding impairment. The patient presenting with progressive primary language disturbance often does not fit neatly into the traditional neuroanatomic aphasia classifications (Table 2-4). Therefore, further discussion of language assessment will not focus on the traditional bedside aphasia exam, namely, tests of fluency, comprehension, naming, repetition, writing, and reading. Rather, we will review newer techniques for the examination of language elucidated through study of patients with primary progressive aphasia (Fig. 2-13).




Table 2-4 Characteristics of Aphasias
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Figure 2-13 Structural Anatomy of Word-Finding Difficulty in Degenerative Disorders.




Language may be defined as the attempt to convey a thought in verbal, spoken, or written form. This seems to occur in four stages, including speech initiation, speech content, speech structure, and motor programming of speech.


Stage I: Initiation of speech involves the ability to generate and plan a spoken message. Patients with speech initiation problems are quiet, as though they have nothing to say, so-called dynamic aphasia. Responses are terse and elaboration is absent. Patients speak only in response to conversation, not to initiate conversation. Although the amount of speech is reduced, the content and structure of spoken language are normal. This is often seen in patients with anterior frontal and subcortical abnormalities. These individuals often appear inert and slow to respond in general, sometimes referred to as appearing as a “bump on a log.”


Stage II: The content of the message comes next once the mental plan for speech is set. This includes vocabulary and concepts. Content is assessed at the level of single words or in the way words are combined. Loss of vocabulary is the major abnormality encountered in this setting. The patient substitutes approximate words or imprecise expressions for words they cannot conjure. Speech seems vague and deficient of meaning in more severe cases. Errors of meaning (semantic paraphasias) may occur. Stereotyped expressions, such as clichés, are overutilized. This is characteristic of semantic dementia, a variant of frontotemporal lobar degeneration.


A variation of this occurs in Alzheimer disease, where the patient cannot retrieve words from storage, gradually and progressively developing logopenic aphasia. Here the content of the message is impaired because of a loss for words, rather than a loss of the meaning of words. At the level of word combinations, there is a lack of coherence due to incomplete sentences, tangentiality, fragmented phrases, etc. It is hard to follow the patient’s train of thought in these cases. This also occurs acutely, most commonly in states of delirium such as alcohol withdrawal.


Stage III: Grammar and phonology is the basis for the structure of spoken language. Grammar is the ordering of words into normal sentence structure, that is, subject and predicate. It also includes the use of function words such as prepositions and conjunctions. Phonology refers to the selection of individual sounds and syllables to form spoken words. Agrammatism leads to telegraphic speech, composed of single words or phrases, often omitting connector words. Phonologic errors lead to errors in particular sounds within words, also known as phonemic paraphasic errors. For example, saying “aminal” for “animal,” or “nucular” for “nuclear.” These types of errors are common in progressive nonfluent aphasia.


Stage IV: Once the structure of the message is defined, the message is conveyed to the motor areas for speech where phonetics, articulation, and prosody are applied and the message is spoken. Impairment at this phase is often characterized by apraxia of speech, or the loss of learned motor programming for speech production. This often produces great frustration and effortful speech, with severe loss of fluency, phonetic errors, and impaired speech timing and rhythm, as seen in the case vignette at the beginning of this chapter.


The most important aspect of language assessment is carefully listening to conversational language during the patient interview. If the patient is not very talkative, the examiner may present him or her with a picture to describe. Further tests of naming, repetition, writing, and reading all provide additional important information. In the case of progressive aphasia, the nature of language disturbance may have significant implication in identifying the underlying neurodegenerative disease. Indeed, assessment of language in this way has proven utility in localizing cortical regions attributed to various primary progressive aphasic syndromes (see Fig. 2-13). This approach elaborates on the classic aphasia exam, providing a better understanding of language processing and improving localization during examination.
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Clinical Vignette


This 58-year-old lady, a culinary expert, as well as a neurologist, was hiking when she unexpectedly and forcefully struck her forehead on a low-hanging tree limb that she had not seen because of a very low visor on her hat. She immediately fell backwards powerfully striking her occiput, seeing stars but not losing consciousness. She acutely developed terrible vertigo. Profound spontaneous nystagmus was the only abnormality on a neurologic examination shortly after her fall. Within just a few hours, she noted that potato salad had no smell or taste. Her husband, also a neurologic physician, soon tested her olfactory sensation with perfume; he demonstrated that she had total loss of the sense of smell. Brain and skull computed tomographic (CT) scanning failed to demonstrate a skull fracture or hematoma. This lady maintained a total loss of smell for a few years. Gradually, fleeting inappropriate dysosmias occurred, along with some functional return. Eventually, some appropriate olfactory sense returned, particularly for smells of citrus and cucumber. The normally pleasant smell of raspberries is negatively altered. In contrast, car exhaust now has a paradoxically pleasant perfume-like smell. Currently, she notes that the best thing is a return of her smell and taste for garlic. Despite such effects, this epicurean still has significant difficulties cooking. Most interestingly, she perceives “smells” in her dreams and she still misses her spouse’s aroma whenever they are physically close. As a physician, she can no longer appreciate patient odors, such as too much ethanol.


Comment: The olfactory nerves are particularly liable to shearing trauma such as occurs with a closed head injury. Their very thin axons are relatively easily severed. In this instance, the patient experienced two rapidly sequential severe head injuries, first frontal and than occipital. This trauma presumably led to a shearing force totally interrupting the tiny olfactory nerves as they crossed the cribriform plate at the base of the skull prior to entering the olfactory bulb at the base of the frontal lobe. Although there were no overt fractures demonstrated with CT scanning, one can easily suggest that the olfactory nerves were severed at their intracranial point of entry.





The olfactory nerve (CN-I) provides for the sense of smell. This sensory modality provides an important warning system by enabling the identification of spoiled and potentially toxic foods or noxious chemicals. Smell function also contributes to various life qualities as this sensory modality provides awareness of many pleasurable sensations, including appreciation of certain foods and beverages as well as subtle attractions eventually leading to sexual desire and reproduction.


Dysfunction of the olfactory nerve is quite rare, occurring in certain very select circumstances. Examination of olfactory function is not routinely pursued during the average neurologic evaluation (Chapter 1). However, in clinical settings such as in the above vignette, it is essential to routinely evaluate olfactory function by asking the patient to identify a few familiar odors such as coffee, perfumes, tobacco, etc. On occasion, the patient may not be aware of or assign much importance to the loss of his or her smell sensation. This may be particularly true when there is a concomitant neurologic deficit as seen in occasional patients with potentially treatable olfactory groove meningiomas that also compromise frontal lobe function.






Anatomy


When identifying odors, humans rely on volatile substances entering their nasal cavity to excite receptors. Olfactory receptor cells are bipolar sensory neurons whose dendrites form a delicate sensory carpet on the superior aspect of the nasal cavity (Fig. 3-1). The thin, unmyelinated axons of the bipolar sensory cells collectively form the olfactory nerve. These travel through the cribriform plate into the olfactory bulb at the base of the fronto-orbital lobe. Within the bulb, CN-I fibers synapse with the dendrites of the large mitral cells, whose axons constitute the olfactory tract passing along the base of the frontal lobe and projecting directly into the primary olfactory cortex within the temporal lobe. In contrast to all other sensory modalities, olfactory sensation does not have a central processing site such as within the thalamic nuclei (Fig. 3-2). This direct pathway to the cerebral limbic structures may have had an important evolutionary function in lower animals and, later, primates.
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Figure 3-1 Olfactory Receptors.







[image: image]

Figure 3-2 Olfactory Pathways.




The human primary olfactory cortex includes the uncus, hippocampal gyrus, amygdaloid complex, and entorhinal cortex (Fig. 3-2). Cortical representation of smell is bilateral. Although most of the olfactory tract fibers supply the ipsilateral olfactory cortex, some fibers decussate in the anterior commissure and terminate in the opposite hemisphere. Consequently, a unilateral lesion distal to the decussation rarely produces any olfactory dysfunction.









Clinical Evaluation And Diagnostic Approach


Traditionally, olfactory function is tested by relatively crude methods asking a patient to sniff and identify a series of nonirritating odorants (coffee, cinnamon, etc.). A commercially available, standardized, and reliable methodology is available for more precise olfactory definition; however, its practical clinical utility has not been defined. The most widely used of these tests is the University of Pennsylvania Smell Identification Test consisting of 40 microencapsulated odorants embedded in “scratch and sniff” strips. It can be self-administered and takes only several minutes.


Gadolinium-enhanced brain magnetic resonance imaging (MRI) is the modality of choice for the evaluation of intracranial causes of olfactory dysfunction. Head CT with contrast is reliable when MRI cannot be performed, or if a bony lesion of anterior fossa is suspected. It is not uncommon with moderately severe head trauma to be unable to define a fracture per se even with detailed CT.









Differential Diagnosis


Smell dysfunction can be disrupted at any site along the olfactory pathway. Therefore impaired olfaction is not necessarily indicative of first-cranial nerve dysfunction per se. There are some common conditions that interfere with olfactory function without having specific olfactory nerve damage. These particularly include upper respiratory tract infection, especially nasal sinus disease. Primary olfactory bulb, tract, or entorhinal cortex lesions per se are relatively very uncommon. Olfactory impairment is not always apparent to the patient. Instead, he or she may initially complain of a loss of taste because the identification of tasted flavors depends partly on the olfactory system. Disturbances of smell are generally acquired, although there may be a rare patient with a congenital disorder. In general, most patients experiencing olfactory dysfunctions have bilateral loss of function. The rare presence of a unilateral anosmia is an important sign that signals a need for an MRI to exclude an olfactory groove tumor.






Congenital Disorder






Kallmann Syndrome


In this condition, anosmia results from a congenital hypoplasia or even absence of the olfactory bulbs. This occurs in conjunction with hypogonadotropic hypogonadism. Although most instances are sporadic, familial cases are reported having variable inheritance patterns: X linked, autosomal dominant, or autosomal recessive. Some of the responsible genes are identified. There is a strong male predilection even with sporadic as well as autosomal forms. It is often first diagnosed at the time of an evaluation for delayed puberty; boys may have a micro-penis and girls lack normal breast development. Occasionally, the Kallmann syndrome is associated with other congenital deficits, including cleft palate, lip/dental agenesis, and neural hearing loss.












Acquired Disorders


Upper respiratory infections are the most frequent causes of olfactory dysfunction. Nasal and paranasal sinus disease account for more than 40% of olfactory disturbances. These intranasal processes mechanically prevent volatile chemical stimuli from reaching the olfactory sensory epithelium and activating the receptors. These are defined as transport or conductive olfactory disorders that are not associated with direct damage to the olfactory nerve pathways. The classic temporal profile, characterized by the intermittent occurrence of conductive olfactory dysfunction, provides the most important clinical clue for the diagnosis of a primary nasal source for these common disorders. A thorough otorhinolaryngologic evaluation is indicated for these patients. Conversely, the presence of persistent smell disturbance is the primary characteristic of direct damage to the olfactory nerve pathways.


Head trauma, as noted in the vignette, is responsible for approximately 20% of all cases of smell dysfunction. This is secondary either to direct damage to primary axons of the first cranial nerve or lesions of the associated frontobasal cerebral cortex responsible for olfactory perception. Depending on the severity of the blunt head injury, the incidence of posttraumatic anosmia varies between 7% and 30%. Direct occipital and side injuries to the head are more dangerous to olfaction than are frontally directed injuries. Posttraumatic olfactory dysfunction typically results from shearing of the olfactory nerve as it passes through the cribriform plate. More substantial damage, such as occurs in severe head trauma with anterior fossa fracture, may lead to a contusion of the olfactory bulb or the cortical–subcortical olfactory brain. Posttraumatic anosmia or hyposmia can be either unilateral or bilateral.


Olfactory groove meningiomas are quite infrequent; however, if these remain undiagnosed, these histologically benign tumors may still lead to significant morbidity unless treated early on. Usually meningiomas are slow growing; olfactory groove lesions comprise 8–18% of all intracranial meningiomas (Fig. 3-3). Although unilateral or bilateral olfactory dysfunction is thought to be their first symptom, very few patients present with just a disturbance in their sense of smell. This is probably because their slow and orderly growth leads to a very gradual decline in olfactory function. Furthermore, as most meningiomas are unilateral, they lead to unilateral anosmia and thus patients still retain olfactory function on the contralateral side. Thus, they are usually unaware of any focal loss. Consequently, most orbital meningiomas are not diagnosed until the tumor is large enough (e.g., >4 cm in diameter) to cause other symptoms resulting from pressure on the frontal lobes and optic tracts. These include headache, visual disturbances, personality changes, and memory impairment. Early diagnosis of olfactory groove meningiomas remains challenging. At times, the behavioral changes can be profound and may create a sense the patient is demented or mentally unbalanced.
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Figure 3-3 Subfrontal Meningioma.




Very large olfactory groove tumors, typically meningiomas, rarely lead to the development of Foster–Kennedy syndrome. This is characterized by unilateral optic atrophy and contralateral papilledema. Optic atrophy results from direct pressure of the neoplasm on the optic nerve, whereas increased intracranial pressure produces contralateral papilledema.


Parkinson disease patients often develop olfactory dysfunction as an early clinical feature. In fact, the difficulty with sense of smell may precede the onset of classic striatal motor manifestations by several years. A normal sense of smell in Parkinson disease is such a rare occurrence that its continued normal function should prompt review of this diagnosis. Alzheimer disease and Lewy body disease are other neurodegenerative disorders commonly associated with olfactory dysfunction.









Other Entities


Normal aging is associated with a progressive decline in the ability to appreciate and discriminate odors.


Olfactory hallucinations are important considerations in the differential diagnosis of any symptomatic positive olfactory dysfunction. Although these events do not occur with primary olfactory nerve disorders per se, most often such symptoms provide the aura for a focal seizure disorder, that is, uncinate fits. The typical patient initially experiences a very unpleasant smell of very foul character such as burning garbage. This classically precedes a temporal or frontal orbital lobe focal seizure wherein the patient briefly loses contact with the environment as characterized by staring and various automatisms. Certain patients with psychiatric conditions (depression, psychosis), or alcohol withdrawal syndromes may also experience unusual olfactory symptoms.


Olfactory discrimination is also adversely affected by many medications and drugs, including opiates (codeine, morphine), antiepileptic drugs (carbamazepine, phenytoin), and immunosuppressive agents, that, similar to radiation, disrupt the physiologic turnover of receptor cells. Cocaine abuse, via intranasal snorting, is particularly prone to cause septal perforation that eventually leads to direct trauma to the olfactory nerve.












Prognosis


Modest recovery is expected in one-third to one-half of patients who experience anosmia. This may be explained by the unique ability of the olfactory neuroepithelium and olfactory bulb to regenerate. Olfactory receptor cells and neurons within the bulb are normally constantly replaced by fresh cells. The olfactory bulb is one of the few brain structures capable of such regeneration.





Evidence


London B, Nabet B, Fisher AR, et al. Predictors of prognosis in patients with olfactory disturbance. Ann Neurol 2008;63:159-166. In this prospective study, the authors found that many patients experienced improvement of their smell function and that etiology was not the main prognostic determinant.


Ross Webster G, Petrovitch H, Abbott RD, et al. Association of olfactory dysfunction with risk for future Parkinson’s disease. Ann Neurol 2007;63:167-173. This prospective study suggests that olfactory disturbance can precede the classic features of Parkinson disease by years.
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 De Kruijk JR, Leffers P, Menheere PP, et al. Olfactory function after mild traumatic brain injury. Brain Inj. 2003;17:73-78. In this study, high prevalence of olfactory dysfunction was found in patients with mild traumatic injury


 Dode C, Levilliers J, Dupont JM, et al. Loss-of-function mutations in FGFR1 cause autosomal dominant Kallmann syndrome. Nat Genet. 2003;33:463-465. The authors expand our insight into molecular genetics of autosomal dominant Kallmann syndrome


 Doty RL, Shaman P, Dann M. Development of University of Pennsylvania Smell Identification Test. Physiol Behav. 1984;32:489-502. Authors describe development of the first standardized olfactory test battery (UPSIT). The UPSIT provided the needed scientific basis for many subsequent studies
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Intraocular Optic Nerve






Clinical Vignette


A 48-year-old man was referred for sudden loss of vision in the left eye. He had noted this the morning before while shaving when he could not see the lower half of his chin with the left eye only. He had no pain, and had no preceding systemic symptoms. His past medical history was noteworthy for mild diet-controlled hypercholesterolemia and untreated labile hypertension. The affected eye had 20/40 central acuity, and an inferior central field loss that extended nasally but did not cross into the superior field. The left optic nerve showed acquired elevation and swelling, with mild peripapillary hemorrhages. The fellow nerve was small in diameter, had no physiologic cup, and had mild congenital elevation. The diagnosis of idiopathic (nonarteritic) anterior ischemic optic neuropathy (AION) was made. Over the next 6 weeks, the left optic nerve swelling abated and was replaced by mild pallor noted superiorly. The vision did not recover.


The optic nerve is not a peripheral nerve but rather a central nervous system (CNS) tract containing central myelin formed by oligodendrocytes. It is composed of long axons, whose cell bodies comprise the ganglion cell layer of the inner retina (Figs. 4-1 and 4-2). The axons run in the retina’s nerve fiber layer to gather at the optic disk.





[image: image]

Figure 4-1 The Retina and the Photoreceptors.
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Figure 4-2 Retinal Architecture and Perimetry.




The optic nerve nominally begins when the axons of the ganglion cells (the nerve fiber layer of the retina) turn 90°, changing orientation from horizontal along the inner retinal surface to vertical, passing through the outer retina via the scleral canal (Fig. 4-3). The gathering of axons at the canal forms the optic disk (also, optic nerve head) of the fundus. Myelin is usually absent from the nerve fiber layer where the nerve exits the globe.
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Figure 4-3 Anatomy of Optic Nerve (Clinical Appearance).




Vascular supply of the retina comes from the ophthalmic artery off the internal carotid artery. Proximal branches from this artery and branches off the muscular arteries constitute the posterior ciliary arteries that form a plexus of vessels around the lamina cribrosa and supply the optic disc, the adjacent optic nerve, and the outer layers of the retina. Cilioretinal branches from this plexus often supply the macula as well. Another branch of the ophthalmic, the central retinal artery, enters the distal optic nerve and emerges out the disc dividing into four arteriolar branches to supply each quadrant of retina. The proximal part of the optic nerve is supplied by a series of small vessels of the ophthalmic while the posterior optic nerve and the chiasm have additional supply from the anterior cerebral and the anterior communicating arteries.


The shape of visual field deficits due to vascular compromise of the inner retina is predictable, being consistent with the specific location of the arterial occlusion. Visual field defects are inverted in relation to the pathologic location: for example, a superior branch occlusion of the retinal artery will cause an inferior field defect. When retinal arteriolar occlusions affect the nerve fiber layer, field defects typically extend beyond the local occlusion in an arcuate or sectoral pattern, following the arc of the nerve fiber layer. Disease of the anterior optic nerve is an important health care problem. Glaucoma alone is suspected to affect 3 million patients, accounting for 120,000 cases of blindness in the United States, with an annual governmental cost of $1.5 billion in expenditures and lost revenue.









Clinical Presentations


Primary open-angle glaucoma (POAG) is a chronic, progressive, degenerative disease of the optic nerve. Its usual hallmark is high intraocular pressure (IOP; above 21 mm Hg), but glaucoma without high IOP (normal pressure or low-tension glaucoma) is occasionally seen, especially in the elderly. The typical optic nerve finding is cupping atrophy (i.e., enlargement of the disk’s central cup as nerve fibers are lost), coupled by progressive visual field loss that often starts nasally, progresses superiorly and inferiorly, and finally extinguishes the central and temporal fields (Fig. 4-4). POAG is usually bilateral and asymmetric and the visual loss is permanent. The time course is measured in years, and because of the slow pace and the late involvement of the central field, patients may remain asymptomatic until the disease is quite advanced. It is essential that all standard eye examinations include screening IOP measurements and optic disk inspection.
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Figure 4-4 Optic Disc and Visual Field Changes in Glaucoma.




Glaucoma has other forms besides POAG, which may be congenital, secondary to systemic disease (e.g., diabetes), or other acquired eye conditions (e.g., trauma). Among these, acute narrow-angle glaucoma (also, acute angle closure glaucoma) may present dramatically with nausea, unilateral headache, and ipsilateral monocular visual loss. The diagnosis and treatment of glaucoma forms a significant subspecialty within ophthalmology, but treatment efforts revolve around lowering of IOP, whether by medical or surgical means. There are no restorative or neuroprotective treatments.


Central retinal artery occlusion (CRAO) results from interruption of the central retinal artery circulation with ischemia to the entire retina. If only a portion of the inner retinal circulation is affected, a more limited version, branch retinal artery occlusion (BRAO), is present. BRAO and CRAO are in effect retinal strokes, affecting the nerve fiber and ganglion cell layers. The presentation is one of sudden, painless, complete or partial monocular visual loss often described as a “curtain” obscuring the involved area. Retinal infarcts are commonly caused by emboli, and in BRAO the embolus is typically visible in the affected retinal vessel. Episodes of temporary monocular visual loss (TMVL; transient monocular blindness or TMB and also, amaurosis fugax) often herald retinal infarcts and represent temporarily compromised flow of the inner retinal arteries usually by passing clot.


Patients who present for care within the first hours after the onset of CRAO or large BRAO are usually treated with intermittent ocular massage and lowering of IOP (either by topical agents or by paracentesis of the anterior chamber) to promote movement of the embolus to a more distal arteriolar branch. Oxygen, alone or in combination with 5% CO2 to promote arteriodilation, can also be used. Based on animal studies, it is felt that such interventions are unlikely to be helpful after 100 minutes of retinal ischemia, and in general the outlook for recovery is bleak; nevertheless, significant recovery of vision, even beyond the 100-minute window, is occasionally seen.


CRAO, BRAO, and TMVL may also serve as a warning sign of impending hemispheric stroke. Identification and treatment of the embolic source, if one can be identified, becomes the main focus of therapy after the window for acute treatment of the involved eye has passed. CRAO is often a sign of carotid stenosis, the appropriate management of which will significantly reduce long-term stroke risk (see Chapter 55, “Ischemic Stroke”). Heart embolism is another cause and a full stroke investigation is usually required. Nevertheless, up to 40% of cases remain without a definite identifiable cause with the presumed mechanism relating to intrinsic narrowing of the retinal artery due to atherosclerosis or, less commonly, other arteritides or compression.


Anterior ischemic optic neuropathy can be divided into nonarteritic and arteritic (associated with temporal arteritis [TA]) and is caused by loss of blood flow in the short posterior ciliary arteries. Patients usually experience sudden and severe painless monocular visual loss, often on awakening. Examination classically reveals an altitudinal (superior or inferior) visual field loss, with a unilaterally swollen, hemorrhagic disk (Fig. 4-5). The disk loses its swelling and becomes pale within weeks. The visual loss in most cases does not change following the event but 20% may show measurable change for better or worse over days. In contrast to retinal artery occlusions, embolic AION is extremely rare. In most cases, AION occurs in middle-aged individuals who have a congenitally small, elevated (“crowded”) optic disk, or in those with one or more vascular disease risk factors, such as diabetes, hypertension, or sleep apnea. In these cases, a transient fall in blood pressure causes hypoperfusion of the posterior ciliary circulation and subsequent ischemic damage to the optic nerve head.
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Figure 4-5 Giant Cell Arteritis: Ocular Manifestations.




There is no proven treatment for AION, although a recent retrospective study suggests that acute treatment with oral steroids may improve outcome. There is a 50% risk of eventual involvement of the fellow eye. Strategies to reduce this risk have focused on identifying and treating cerebrovascular risk factors, daily aspirin, preventing systemic hypotension, and avoiding certain drugs, such as sildenafil, which may be associated with higher risk.


In older patients, AION can be a complication, and sometimes the presenting sign, of TA (also, giant cell arteritis), a systemic inflammatory process of the medium-sized arteries. TA can also produce TMVL and CRAO. Funduscopic appearance in arteritic AION often consists of pallid swelling of the disk, in contrast to the hyperemic swelling seen in idiopathic AION. In addition to an altitudinal visual loss, patients will have arteritic symptoms, including headache, scalp tenderness, jaw claudication, neck pain, malaise, loss of appetite, fevers, and morning stiffness of proximal muscles (i.e., polymyalgia rheumatica). Only rarely will a patient with arteritic AION have little or no systemic symptoms.


Untreated, TA may lead rapidly to blindness from bilateral AION, or to other serious complications including aortic dissection, myocardial infarction, renal disease, and stroke. Therefore, in any patient older than age 50 years with AION, clinical suspicion for TA is raised especially in the presence of systemic symptoms, or physical exam findings (pallid disk swelling or abnormal greater superficial temporal arteries). A high erythrocyte sedimentation rate (ESR, >45 mm/hour), high C-reactive protein (CRP, >2.45 mg/L), normocytic anemia, and thrombocytosis are supportive, but the diagnosis is established by temporal artery biopsy that reveals inflammation in the media of the arteries with disruption of the internal elastic membrane. The presence of characteristic multinucleated giant cells within the affected areas is diagnostic.


TA is treated with high-dose corticosteroids, started urgently and usually tapered over many months. Other anti-inflammatory medications, especially methotrexate, have been used in those at high risk for corticosteroid complications, but the efficacy of nonsteroidal agents has been questioned. Steroid dosage is gradually reduced over time, with the patient monitored for disease recrudescence by following symptoms and the ESR or CRP.


Papilledema (see Fig. 1-6) is bilateral optic nerve elevation and expansion due to high intracranial pressure (ICP). In mild cases, patients may have no visual symptoms. Moderate papilledema is typically accompanied by transient binocular visual obscurations, either spontaneously or during coughing, straining, or abrupt postural change. Other symptoms of high ICP may be present and include headaches (worse with recumbency) and diplopia (resulting from nonlocalizing abducens palsy; see Chapter 5). When visual loss occurs, it starts with blind spot enlargement (see Fig. 1-6), a nonspecific and often reversible change. Visual field loss resembling that of glaucoma can ensue, often over a period of many weeks. However, papilledema due to very high ICP can progress rapidly, with severe permanent visual loss within days.


Many pathophysiological mechanisms are associated with papilledema, including CNS tumor with mass effect or edema, obstructive hydrocephalus, meningitis, certain medications (e.g., tetracycline or vitamin A), and intracranial venous thrombosis or obstruction. Papilledema is occasionally seen without explanation in obese women of childbearing age and is then termed idiopathic intracranial hypertension (IIH; also, pseudotumor cerebri; see Chapter 11). Treatment involves only weight loss if the condition is mild and there is no evidence of progressive visual loss or debilitating headache. In progressive IIH, in addition to weight loss, carbonic anhydrase inhibitors such as acetazolamide (typically 1–2 g/day in divided doses) are used to reduce cerebrospinal fluid (CSF) production and optic nerve edema. When medical treatment fails, two surgical options exist: optic nerve sheath fenestration or CSF shunting either with lumboperitoneal or ventriculoperitoneal shunts.


Papilledema can be mimicked by the rare entity of optic perineuritis, which consists of monocular or bilateral optic disk swelling without central visual loss or raised ICP. Its usual cause is idiopathic optic nerve sheath swelling or inflammatory orbital pseudotumor but may be due to a systemic arteritis (Wegener or giant cell arteritis) or of an infectious (syphilitic) etiology.


Optic nerve drusen are small, translucent, usually bilateral concretions within the substance of the disk that may be observed in perhaps 1% of patients. Drusen contain calcium and can therefore be demonstrated on ultrasound and computed tomographic (CT) examinations. It is speculated that a very small scleral canal may inhibit proper axonal metabolism, causing extracellular debris to be deposited as drusen over time. Drusen of the optic nerve is often associated with visual field loss, and treatment to retard such loss is uncertain. Drusen of the nerve head are occasionally seen in patients with certain retinal disorders, such as retinitis pigmentosa.


Congenital dysplasia of the optic nerve can be seen as an isolated monocular or binocular finding, or as part of a larger disorder. The mildest form of dysplasia is “tilted” optic disks: nerve heads that are overall small with the nasal portions appearing elevated; superior temporal visual field loss (sometimes mimicking bitemporal hemianopia) is often encountered. Septo-optic dysplasia combines optic nerve hypoplasia with dysgenesis of midline brain structures, often with pituitary dysfunction. Up to a quarter of patients with fetal alcohol syndrome will have disk hypoplasia with associated inferior visual field loss, among other ocular manifestations. Optic nerve coloboma (congenital incomplete or malfusion of the globe structures including the retina and optic nerve) can be part of Aicardi syndrome, and the “morning glory” disk anomaly has been associated with several developmental syndromes.









Diagnostic Approach


As all pathologic entities in this group display abnormalities of the disc and/or retinal vessels, careful fundus examination is the essential step in diagnosis. Visual field testing typically reveals patterns of visual loss (arcuate, altitudinal, and nasal losses with a “step” at the horizontal meridian) that localize the lesion to the anterior optic nerve, does not often guide the diagnosis. Sector losses can suggest branch arterial occlusion (any location), optic nerve hypoplasia (typically inferior), optic disk tilt, or coloboma (these last two often producing superior losses).


Additional information can be obtained by special imaging of the ocular fundus. Fluorescein angiography of the fundus reveals vascular occlusions and areas of edema caused by incompetent blood vessels. Optical coherence tomography, scanning laser ophthalmoscopy, and scanning laser polarimetry provide precise measurement of the nerve fiber layer in the peripapillary retina and can help define subtle cases of disk edema or atrophy and changes in disk appearance over time.












Orbital and Intracanalicular Optic Nerve






Clinical Vignette


A 26-year-old woman presented with right monocular visual loss and headache after a car accident. She said she had suffered “whip-lash,” without bruising impact to the head. The visual loss had started 2 days after the accident. The headache was centered at the right orbit, with eye movement among its aggravating factors. Subjective visual acuity was 20/80 right eye, and visual field testing revealed nonphysiologic responses, indicating the patient was inattentive to the test, in both eyes. Fundus examination of both eyes was entirely normal; however, pupillary examination suggested a mild relative afferent papillary defect on the right. A magnetic resonance imaging (MRI) examination was obtained revealing multiple white-matter lesions. A diagnosis of multiple sclerosis (MS) presenting as optic neuritis was eventually confirmed based on spinal fluid assays and subsequent clinical course.


After leaving the eye, the fibers of the optic nerve become myelinated. The optic nerve sheath invests the nerve, starting at the sclera and becoming contiguous with the intracranial dura. CSF is present within the sheath. The optic nerve lies in the central orbit within the extraocular muscle cone and exits the orbit through the optic canal before traveling a short distance intracranially to join the chiasm. Vascular supply is via branches of the ophthalmic artery.


Diseases that affect the orbital optic nerve give characteristic central visual field loss. It is believed that the nerve fibers corresponding to central vision, among the most metabolically active cells in the visual system, occupy a central position in the optic nerve, farthest away from the exterior blood supply. The central fibers, therefore, are the most prone to dysfunction or injury due to varying mechanisms, including compression, ischemia, metabolic disease, and toxic insult. Within the bony optic canal, the optic nerve is confined in a small space and is relatively immobile, making it susceptible to quite small tumors or inflammatory processes as well as shear injury produced by deceleration head trauma.


Multiple sclerosis (see Chapter 46), however, remains the chief cause of orbital optic nerve disease and is the initial manifestation in approximately 20% of patients. An additional 20% will eventually experience it throughout the course of the disease. It is estimated that more than 90% of patients suffering “isolated” optic neuritis will eventually receive a diagnosis of MS. Diagnostic testing in optic neuritis naturally mirrors that for MS, with brain MRI and CSF analysis being the primary tools.









Clinical Presentations


Optic neuritis is the clinical syndrome of subacute painful, monocular visual loss. The pain often precedes visual loss by a day or more and is a periorbital ache made worse with eye movements. Ensuing visual loss is often sudden and severe, with perceived worsening over several days. The degree of visual field loss varies, but a central scotoma is the classic finding (Fig. 4-6). Examination may also demonstrate loss of central acuity, contrast sensitivity, and color perception in the affected eye.
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Figure 4-6 Multiple Sclerosis: Ocular Manifestations.




Initially, funduscopic appearance of the affected disk is normal, but only the presence of a relative afferent pupillary defect and visual loss confirms that optic neuropathy is present. Occasionally, mild ipsilateral disk swelling is seen, and in all cases some degree of optic pallor, usually localized to the temporal quadrant of the disk, appears within weeks. Incomplete recovery of vision, mostly in the first 3 months, is expected with central acuity recovering better than other parameters, often to near normal.


As with other manifestations of MS, emphasis is on early diagnosis so that patients may begin treatment with immunomodulating medications to reduce disease activity and associated morbidity. Intravenous methylprednisolone (1 g/day for 3 days, followed by an oral prednisone taper for 11 days) has been shown to accelerate visual recovery in optic neuritis, although the final level of recovery is unaffected. The same study showed a reduced risk of MS exacerbations for 2 years following methylprednisolone pulse treatment. It is unclear if the drug provides additional protection beyond 2 years and whether it affects outcome in the long run. Oral prednisone alone is contraindicated in typical demyelinating optic neuritis.


Optic neuritis can also be seen as part of Devic neuromyelitis optica, an MS-like disease defined by episodes of optic neuritis and transverse myelitis. The immunopathogenesis appears distinct from MS and the preferred therapies are parenteral corticosteroids and plasmapheresis acutely, with long-term immunosuppressive agents, such as azathioprine, used to prevent relapses. The presence of a hallmark serum immunoglobulin (NMO-IgG directed against the aquaporin-4 protein) is central to diagnosis.


Optic neuritis can occasionally be idiopathic, with prolonged surveillance never leading to a diagnosis of MS. In rare cases, optic neuritis can be mimicked by treponemal infection, or by inflammatory disease (e.g., sarcoidosis).


Posterior ischemic optic neuropathy presents as sudden, painless monocular visual loss without acute change in the ocular fundus and disk. Over weeks, disk pallor becomes evident. Classically seen in chronically anemic patients after major gastrointestinal hemorrhage, it has been more recently found in one of three clinical settings: as bilateral visual loss after major surgery; and as unilateral visual loss, either as a complication of TA or of peripheral vascular disease. There is no definitive test for posterior ischemic optic neuropathy, and diagnostic workup is directed toward ruling out arteritis and occlusive carotid disease.


Indirect traumatic optic neuropathy can occur in the setting of sudden frontal head impact or deceleration. It differs from direct trauma in that no foreign object or displaced fracture has impinged upon the nerve. It is also distinct from deceleration injuries that avulse the nerve from the globe, or that damage the chiasm. The exact mechanism and location of indirect nerve injury is uncertain, but interest centers at the optic canal. An international treatment trial was unable to prove benefit of either surgical decompression of the canal or parenteral corticosteroids at dosages used for spinal cord injury. Despite the lack of rigorous evidence, parenteral steroids are often still used in selected cases.


Metabolic and toxic optic neuropathies typically affect the orbital optic nerve. The high metabolic rate of the central vision fibers and their relatively tenuous blood supply at the center of the orbital optic nerve are considered important factors placing these cells at risk.


Leber hereditary optic neuropathy (LHON) is a representative metabolic optic neuropathy. Sudden, painless monocular visual loss, typically occurring in the third or fourth decade of life, is then followed by involvement of the fellow eye after a period of weeks to years. The involved eye initially displays a hyperemic disk, with fluorescein angiography showing no extravasation of dye from peripapillary telangiectatic vessels. A family history of similar loss is often present: the disease, resulting from a mutation defect in one of several mitochondrial proteins, is passed maternally in the mitochondrial DNA with variable penetrance. The exact clinical presentation depends to some degree on the specific mutation involved. Neuronal damage is presumed to result from superoxide formation in the impaired mitochondria. Patients with first-eye involvement, or identified as having the mutation, are often advised to avoid substances (e.g., tobacco smoke, alcohol, and certain medications) that deplete systemic reductases, and to consider dietary supplementation of vitamin B12, which, if deficient, can precipitate LHON. Use of the topical neuroprotectant brimonidine was not shown to be effective. LHON is an attractive candidate for eventual gene therapy.


Dominant optic atrophy (also, Kjer optic atrophy) is a dominantly inherited, progressive optic neuropathy, which presents in childhood and usually stabilizes by the third decade of life. It, too, is caused by defective mitochondrial metabolism, but the four known mutations are in autosomal genes. Additional, related mutations can cause optic atrophies with X-linked and recessive inheritance.


Hypovitaminosis, especially thiamine, folic acid, and cyanocobalamin, can produce a progressive bilateral optic neuropathy. Hypovitaminosis is seen in malnutrition (especially in the elderly, or in conjunction with alcoholism), in gut malabsorption syndromes, and occasionally in those following strict vegan diets. The drug methotrexate inhibits the metabolism of folic acid and has been associated with metabolic optic neuropathy.


Methanol (wood alcohol) poisoning occurs acutely as liver enzymes convert the ingested methanol to formaldehyde and formic acid. Exposure is usually accidental, sometimes in connection with homemade alcohol (“moonshine”). The special sensitivity of the optic nerve is not well understood, but optic neuropathy occurs at exposure levels far below those that are generally cytotoxic. Treatment consists of intravenous ethanol (to slow the conversion of methanol) and hemodialysis.


Other substances are either known or suspected to produce toxic optic neuropathies. These include the drugs ethambutol and isoniazid, both of which are increasingly used in the treatment of atypical mycobacteria, such as mycobacterium avium-intracellulare. Visual field monitoring is occasionally recommended for patients taking ethambutol or isoniazid, but the efficacy of monitoring in preventing or limiting visual loss has not been shown. Amiodarone is suspected of contributing to an optic neuropathy that may mimic AION, but the association remains unclear. A larger list of medications is suspected of being able to “trigger” optic neuropathy in patients predisposed to it, such as those with an LHON mutation.


Paraneoplastic optic neuropathy is a rare disease in which autoantibodies directed against cancer cells cross-react with optic nerve proteins, such as antibodies to the CRMP-5 (collapsin response-mediating) protein. Treatment is uncertain.


Compressive optic neuropathy is characterized by central vision loss. It can, on occasion, arise suddenly (e.g., traumatic orbital hematoma), or more commonly by slowly growing tumors. In sudden compression, urgent decompression is required to minimize permanent optic nerve injury. However, in the case of slow compression by tumor, visual loss, which often precedes optic pallor by months, may be reversible when compression is relieved.


Proptosis or defect of extraocular movements suggests an orbital mass. If optic atrophy has not yet occurred, fundus examination may be normal, but may reveal signs of scleral indentation with posterior chorioretinal folds, or signs of chronic central retinal vein compression and optociliary venous shunting. MRI with gadolinium is generally preferred for imaging of orbital masses, although bone structure and abnormalities (hypertrophy with meningioma, destruction with cancers, and remodeling with large benign tumors) are better seen on CT scanning.


Typical orbital tumors compressing the optic nerve are cavernous hemangioma (the most common benign orbital tumor), optic nerve sheath meningioma, and optic nerve glioma. Cavernous hemangiomas are relatively easy to address surgically, except when at the orbital apex. Optic nerve meningioma generally cannot be removed surgically without severe loss of vision, and the preferred treatment, once optic nerve compression begins, is fractionated stereotactic external beam radiation to limit tumor growth. Glioma of the optic nerve cannot be resected short of excising the nerve, causing immediate blindness in the affected eye. Therefore, the gliomas are generally left in place, with excision indicated only if severe proptosis with eye exposure or extension of the glioma toward the chiasm, threatening vision in the other eye, occurs. Stereotactic radiation can be used. Attention to the possibility of rare, aggressive gliomas requiring early excision is a cause for frequent reimaging initially when following these tumors. Multiple gliomas, typically slow-growing, are a common feature of von Recklinghausen neurofibromatosis (NF-1).


The enlarged extraocular muscles of thyroid-related orbitopathy are a common cause of proptosis, but in rare instances may also cause optic nerve compression. Patients with thyroid-related orbitopathy are monitored by serial central vision and visual field testing. Thyroid-related optic nerve compression is often treated initially with systemic corticosteroids, with definitive treatment of orbital decompression to quickly follow.


Orbital cellulitis produces an obvious clinical picture with acute pain, proptosis and periorbital edema. Because of the risk to vision posed by this acute disease, patients are often hospitalized for close monitoring and intravenous antibiotic therapy. Etiology of orbital cellulitis in adults is typically from recent penetrating periorbital trauma, from contiguous spread of facial sinusitis or from hematogenous seeding from facial soft tissue infections. Idiopathic orbital inflammation (also, orbital pseudotumor) resembles orbital cellulitis, but does not respond to antibiotic therapy, and lacks clear traumatic or infectious prodrome. A dramatic response to systemic corticosteroids is a key diagnostic feature. Orbital cellulitis can also be mimicked by Wegener granulomatosis or invasive fungal sinusitis.









Diagnostic Approach


The orbit represents the most anterior location where examination of the eye itself may not provide clues to the etiology of visual loss. Nevertheless, complete eye examination, with attention to central acuity, visual fields, pupil, and optic disk, remain central to diagnosis. External examination of the orbit, looking for proptosis, resistance to retropulsion of the globe, and limitation of ocular movement, may suggest an orbital tumor or mass. Details in the history of present illness (abruptness of onset, accompanying pain, etc.) will suggest the most likely etiologies.


In some diseases of the orbital optic nerve, optic disk changes may be present, as in the disk hyperemia of LHON. Additional fundus imaging may then be appropriate to better define the abnormalities


However, for the orbit—and for all more posterior etiologies of visual loss—eye examination must be coupled with appropriate imaging. MRI of the orbits is usually recommended, and is done with fat-suppression and gadolinium paramagnetic contrast to enhance tumors such as hemangiomas and meningiomas. Inclusion of the brain, especially fluid-attenuated inversion recovery (FLAIR) sequences, in cases of optic neuritis, helps to assess for additional white-matter lesions, suggestive of MS. However, as mentioned above, CT scanning can reveal diagnostic orbital bone changes missed by MRI. Timing of imaging is usually predicated on the acuteness of the visual loss.


When a specific diagnosis is suggested, additional studies may be indicated, as spinal fluid analysis for optic neuritis or mitochondrial genetic testing in LHON. In cases where examination and imaging do not suggest specific etiology, screening for systemic disease may be needed.












Optic Chiasm






Clinical Vignette


A 51-year-old woman presented with worsening vision over many months. She reported no other significant medical history. While confirming normal central acuity, the examiner discovered that the patient could see only the left half of the eye chart with her right eye and only the right half with her left eye. A gross confrontation visual field check confirmed a dense bitemporal hemianopia. The examiner also noted that the woman had facial hypertrichosis and enlargement of her brow, nose, lips, and jaw and that the patient’s rings and shoes no longer fit properly. Acromegaly, from abnormally high circulating levels of human growth hormone produced by a pituitary tumor, was diagnosed. MRI confirmed the lesion compressing the optic chiasm.


Bitemporal hemianopia is the characteristic field abnormality of optic chiasm disease. The chiasm (from the Greek letter x) represents the “Great Divide” of the afferent visual system, separating clinical field defects into three anatomic areas. Prechiasmatic defects affect the visual field of the ipsilateral eye only and typically result from retinal or optic nerve pathology. Chiasmatic disorders classically lead to bitemporal hemianopia (also, hemianopsia), with loss of the right lateral field in the right eye and left lateral field in the left eye. Postchiasmatic defects produce homonymous hemianopias, with defects appearing more congruous (equal for both eyes) the farther posteriorly the lesion is located.


The optic chiasm is the intersection of the optic nerves from each eye and is located above the pituitary body that lies within the sella turcica of the sphenoid bone, and covered by the diaphragm sellae (Fig. 4-7). The chiasmatic cistern is located between the chiasm and the diaphragm sella. Superior to the chiasm is the third ventricle. The internal carotid arteries flank the optic chiasm laterally and then bifurcate into the anterior and middle cerebral arteries. The anterior cerebral arteries and the anterior communicating artery are anterior to the optic chiasm.
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Figure 4-7 Anatomy and Relations of Optic Chiasm.




Within the chiasm, axons from the temporal retina (nasal field) comprise its lateral aspect and remain ipsilateral as they pass through the chiasm to the optic tract. In contrast, the nasal retinal fibers decussate, carrying temporal visual field information to the contralateral side. Inferior nasal fibers decussate within the chiasm more anteriorly than superior ones. As the inferior nasal retinal fibers approach the posterior aspect of the chiasm, the fibers shift to occupy the lateral aspect of the contralateral optic tract (see Fig. 4-7).


The arterial blood supply of the optic chiasm is derived from the circle of Willis, particularly, the superior hypophyseal arteries, derived from the supraclinoid segment of the carotid arteries. A “prechiasmatic plexus,” the hypophyseal portal system, and branches of the anterior cerebral arteries also contribute to the chiasmatic blood supply. Venous drainage goes to two primary areas: blood from the superior chiasm flows into the anterior cerebral veins, whereas the inferior aspect drains into the infundibular plexus and thus to the paired basal veins of Rosenthal.


The location of the chiasm renders it vulnerable to compression from vascular structures (e.g., aneurysm near the origin of the anterior communicating artery or the ophthalmic artery), from tumors of the meninges, from sphenoid sinus masses, and most important from the pituitary (Fig. 4-8).
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Figure 4-8 Pituitary Macroadenoma.











Clinical Presentations


Central chiasmatic lesions most commonly produce a bitemporal hemianopia (Fig. 4-9A) that ensues when the optic chiasm is compressed or damaged midsagittally at its decussation. Such lesions preferentially affect the crossing nasal retinal fibers responsible for temporal vision, as in the vignette in this chapter.
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Figure 4-9 Disorders Affecting Optic Chiasm.




Variants on the classic bitemporal hemianopia are seen with compression of the optic nerve at its entrance to the anterior chiasm, resulting in a junctional scotoma, with central visual loss in the ipsilateral eye and a superotemporal defect in the other. The field loss in the contralateral eye reflects involvement of the opposite inferior nasal optic nerve fibers that swing forward into the ipsilateral anterior chiasm (Willebrand knee) before decussating to the optic tract (Fig. 4-9B).


Posterior optic chiasm lesions lead to a posterior junctional scotoma, which displays the features of chiasmatic and optic tract lesions. The classic finding is incongruous (less dense in the ipsilateral eye) hemianopic visual field loss contralateral to the lesion from involvement of the anterior optic tract and an inferotemporal visual field loss in the ipsilateral eye—from pressure on the posterior chiasm affecting the late-crossing superotemporal retinal fibers (Fig. 4-9C). Such defects occur in lesions located near the anterior aspect of the third ventricle that approach the chiasm posteromedially. The incongruous nature of the hemianopsia is caused by the incomplete intermixing of the decussating fibers entering the optic tract with their corresponding uncrossed fibers from the contralateral eye.


Progressive visual field loss from an expanding sellar tumor characteristically begins in the upper temporal fields, likely from preferential compression of the inferior chiasm as the underlying pituitary tumor exerts pressure through the diaphragm sellae. Early, the superotemporal defects may be paracentral with sparing of the far periphery. As the tumor enlarges, the superotemporal quadrantanopsia extends to the periphery, and the inferotemporal field becomes affected. Later, the inferonasal quadrant, and eventually all vision, will be lost.


Most commonly, chiasmatic compression results from a benign pituitary adenoma (see Chapter 52). These are common brain tumors, and with high-resolution MRI imaging are detected in 10% of patients. Tumors smaller than 10 mm, termed microadenomas, are generally too small to place significant pressure on the optic chiasm. and are usually discovered because of the effects of excess pituitary hormone (e.g., prolactin) secretion. Small nonsecreting adenomas can be found as an incidental finding on brain MRI obtained for other reasons. Once a tumor grows sufficiently and obliterates the 10 mm distance from diaphragm sella to the chiasm, the potential for visual loss exists. Typically, the chiasm can accommodate slowly growing tumors, so that chiasmatic impingement or displacement by such tumors may be seen without any field defect. When the macroadenoma, however, reaches 20–25 mm, field defects are likely. The usual indications for surgical excision are continued tumor growth or the presence of visual compromise. Prolactinomas can often be treated medically using bromocriptine or cabergoline to shrink the tumor. Similarly, mitotane has been used for adrenocorticotropic hormone–secreting tumors, and somatostatin analogues for tumors secreting human growth hormone. Failure of medical therapy leaves the options of transsphenoidal surgical excision, or perhaps precision radiotherapy (e.g., gamma-knife).


Many other sellar masses cause bitemporal hemianopia and include benign or malignant intrinsic tumors (glioma and glioblastoma), extrinsic tumors (benign meningioma and craniopharyngioma or malignant chordoma and lymphoma), and inflammatory granulomas. Aneurysm (especially of the carotid, ophthalmic, or anterior communicating artery), demyelinating disease or MS, and deceleration head trauma are other important etiologies.


Pituitary apoplexy is defined as sudden expansion of a pituitary tumor from infarction or hemorrhage, with subsequent edema and necrosis. Patients typically present with rapid and painful visual loss, often accompanied by alteration of consciousness and ocular motor palsy. Death from pituitary insufficiency can supervene if replacement corticosteroids are not instituted. Prompt surgical decompression of the chiasm is recommended, although improved visual outcomes has not been rigorously proven.


MRI scanning with attention to the sella is recommended in any patient presenting with bitemporal hemianopia. Patient presenting with acute bilateral visual loss should receive urgent MRI or CT scanning to look for pituitary apoplexy or aneurysm.












Posterior Visual Afferent System: Optic Tracts, Lateral Geniculate Nucleus, Optic Radiations


The axons comprising the optic tract are still those emanating from the retinal ganglion cells, which have yet to synapse. Nevertheless, after they leave the chiasm for the optic tract, they nominally become part of the “posterior visual pathway” (Fig. 4-10). Axons of the optic tract course via the anterior limb of the internal capsule, between the tuber cinereum and the anterior perforated substance, then continue posteriorly as a band of flattened fibers around the cerebral peduncles to synapse in the lateral geniculate nucleus (LGN) within the thalamus. The LGN is a thalamic relay nucleus that serves as the synapse point of the retinal ganglion cells. It comprises six gray matter layers separated by five white matter layers. The layers are folded over, forming a bend or small knee. Each layer has a retinotopic organization, creating a map of the contralateral hemifield (Fig. 4-11). The ratio of geniculate cells to retinal axons is approximately 1 : 1. Retinal input to the LGN comprises only one fifth of its afferent fibers. The remainder comes from the mesencephalic reticular formation, posterior parietal cortex, occipital cortex, and other thalamic nuclei. The LGN may use these nonretinal elements to “screen” the visual input, gating certain inputs to the visual cortex while blocking other signals, depending on the relevance of the inputs.
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Figure 4-10 Posterior Visual Pathway and Connections.
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Figure 4-11 Topographic Representation of the Visual Fields Across the Optic Pathway.




A relatively small number of nonvisual retinal fibers within the optic tract accompany the optic nerve and chiasm, but remain extrageniculate to supply the afferent stimulus to the pupillomotor center within the pretectal nucleus.


The same vessels that supply the posterior chiasm nourish the anterior one third of the optic tract: the internal carotid, middle cerebral, and posterior communicating arteries. The blood supply of the posterior two thirds of the optic tract is derived from the anterior choroidal artery, a branch of the internal carotid that runs posteriorly near the optic tract. The lateral geniculate body receives blood from the posterior cerebral artery and the posterior communicating arteries.


The optic radiations are myelinated axons emanating from LGN and course to the primary visual cortex. After they leave the LGN, they continue through the posterior limb of the internal capsule. Most fibers take a fairly direct path to the calcarine cortex, following the curve of the corona radiata through the parietal lobe to the occipital lobe. However, the most inferior axons (Meyer loop) that carry visual information from the opposite superior field detour laterally around the lateral ventricles and through the posterior temporal lobe (Fig. 4-11). Therefore, stroke or injury confined to this portion of the temporal lobe affects only this portion of the optic radiations. Meyer loop fibers rejoin the rest of the optic radiations after their detour.


Five primary arteries supply blood to the optic radiation: the anterior and posterior choroidal arteries, the middle and posterior cerebral arteries, and the calcarine artery (Fig. 4-12). The anterior choroidal artery supplies the anterior portion of the optic radiations, the optic tract, and the lateral geniculate body. The anterior optic radiations are also fed by a meshwork of branches from the posterior choroidal arteries. The middle portion of the optic radiations, however, is fed via the deep optic branch of the middle cerebral artery, which lies lateral to the ventricle. The posterior portion of the optic radiation is fed by the posterior cerebral artery and one of its branches, the calcarine artery.
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Figure 4-12 Arteries of Brain: Inferior Views.








Clinical Presentations


Posterior to the chiasm, any insult to the afferent visual system is immediately recognizable by the resulting contralateral homonymous (same laterality and region in each eye) visual loss. It is commonly found that in pure hemianopias without optic nerve or chiasm contribution, central visual acuity for individual letters is unaffected; however, the “macular splitting” that results from total hemianopia can cause difficulty with reading text.


Optic tract lesions are unique in that they cause homonymous hemianopias combined with pupillary abnormalities and optic disk pallor. Total lesions of the optic tract affect the pupillary afferents within the tract and produce a mild relative afferent pupillary defect in the contralateral eye because more crossed fibers exist within the tract from the contralateral eye than uncrossed fibers from the ipsilateral eye. When wallerian degeneration ensues, pallor characteristic of optic tract lesions develops in the optic disks. The ipsilateral eye, losing axons from the retina temporal to the fovea, has chiefly superior and inferior polar atrophy, whereas the contralateral eye, losing the interior of the papillomacular bundle and the axons from the retina nasal to the optic nerve, has pallor in the temporal and nasal poles (“bow-tie” atrophy).


For the optic tract, the field loss affects both eyes and is contralateral to the affected tract. The loss depends on the extent of the tract lesion and is either a complete or incomplete homonymous hemianopia. Incomplete tract hemianopias are often incongruous (i.e., the defects in each eye do not match exactly) wedge-shaped defects, with the point of the wedge encroaching on the center, a “dagger into fixation” or “sectoranopia.” As with the chiasm, neoplasms, aneurysms, and trauma are the typical lesion in this region; strokes are relatively uncommon.


Posterior to the optic tract, visual field loss is not accompanied by pupillary change or optic atrophy. However, specifics of the hemianopia can assist in localizing the lesion. LGN lesions produce field defects similar to those of the optic tract. Lesions confined to the temporal lobe can reach only the Meyer loop portion of the optic radiations, with the resulting visual field defect typically as a homonymous, incongruous superior wedge—one side located at the vertical meridian and the second edge being less sharp. This defect, resembling a “slice” removed from the superior visual field, has been termed the pie-in-the-sky defect. When encountered, it provides strong evidence of a temporal lobe pathogenesis. Often, other findings of temporal lobe dysfunction confirm the localization.


Conversely, if a parietal lesion affects the optic radiations anteriorly, an inverse lesion sparing the temporal lobe “wedge” occurs; however, such lesions are rarely encountered. Occasionally, larger or far posterior parietal lesions can affect all of the optic radiations after the Meyer loop has rejoined the other fibers, producing a complete homonymous hemianopia. Pathologic entities affecting the posterior visual afferents are most commonly stroke, tumor, demyelination, and trauma.









Differential and Diagnostic Approach


Complete homonymous hemianopias cannot be reliably localized as to the level of the optic tract, lateral geniculate body, parietal lobe, or occipital lobe. Other than the visual fields, a broader ophthalmologic examination may provide hints to the site of the lesions. For example, optic tract lesions produce a mild contralateral relative afferent pupil defect and bow-tie atrophy of the optic disks. The parietal lobe contributes to pursuit eye movements, and patients with a complete homonymous hemianopia from a parietal lesion may show altered or absent optokinetic nystagmus in the direction of the lesion.


As with any visual loss, the diagnostic course for hemianopic visual loss includes complete eye examination, visual fields with attention to assessment of central acuity, pupillary reactions, pursuit movements, and funduscopy. The presence of additional neurologic or systemic symptoms and the speed of onset may help both localize the lesion and suggest an etiology. Review of past medical history may reveal if the patient has known risks for some etiologies, such as stroke, demyelination, or metastasis. The most important ancillary test is diagnostic imaging. Typically, MRI examination is recommended as best able to detect, and distinguish among, the potential pathologies. Diffusion-weighted images can be particularly useful in defining recent stroke (see Chapter 55). Management and therapy are dictated by the etiology.












Primary Visual Cortex and Visual Association Cortices






Clinical Vignette


A 64-year-old gynecologist, while operating, suddenly had difficulty seeing to the right. He had to turn his head to see the full operative field. The next day, he saw his ophthalmologist, who found evidence of a dense right homonymous hemianopia.


A subsequent neurologic consultation was otherwise unremarkable. MRI demonstrated a positive diffusion-weighted lesion in the left occipital lobe. ECG and transesophageal echocardiography results were normal. A 48-hour Holter monitor documented seven periods of intermittent atrial fibrillation. Anticoagulation was initiated. The patient was advised to stop driving.


Axons of the optic radiations synapse with the primary visual cortex. A unique white stripe or stria (stripe or line of Gennari for the discovering anatomist) represents a myelin-rich cortical layer; it is easily seen in gross sections through the cortex and bespeaks the layered, highly structured organization of V1 (also known as the primary visual cortex, the striate cortex, or Brodmann area 17). Primarily located on the mesial surface of the occipital lobe within and surrounding the calcarine fissure, the most posterior aspect of V1 typically wraps around the posterior (occipital) pole for a short distance (Fig. 4-13).
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Figure 4-13 Occipital Cortex and Projections.




Microscopically, the visual cortex is arranged in six laminae, running from the surface to a depth of slightly greater than 2 mm. The most superficial, layer I, primarily contains glial cells. Layers II and III contain pyramidal cells and small interneurons. The thickest stria is layer IV, comprising almost half the depth of the visual cortex. Highly branched stellate cells exist superficially within layer IVa. The Gennari stripe comprises layer IVb, containing myelinated axons from afferent visual (geniculate) cells and cortical association fibers. Pyramidal and granule cells and giant pyramidal (Meynert) cells occur more deeply at IVc. Layer V is a densely cellular region with variously sized pyramidal cells. Layer VIa is a less cellular superficial portion, and layer VIb contains a varied neuronal population.


The blood supply of the striate cortex primarily derives from the calcarine artery, a branch of the posterior cerebral artery, and sometimes the middle cerebral artery, or anastomoses from it (Fig. 4-14).The calcarine artery is a major supply to the visual area; however, in 75% of cases, other arteries contribute as well: the posterior temporal or parietooccipital arteries, and, occasionally, anastomotic connections from the middle cerebral artery.
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Figure 4-14 Arteries of Brain (Lateral and Medial Views).




Specific anatomic correlations are the primary clinical features pertinent to the striate cortex: visual information from the left visual field in each eye is projected to the right visual cortex (and conversely); the superior visual field is projected into the inferior half of V1 (and conversely); and the most central visual field is projected most posteriorly, whereas the peripheral field is located anteriorly within V1.


“Cortical magnification” in V1 results in much more cortex dedicated to the central area than to the periphery. Up to 50% of the cortex may correspond to the central 10° of vision; in fact, the most central 1° of vision uses as much cortex posteriorly as the most peripheral 50°. Cortical magnification is considered a reflection of the evolutionary importance of precise central vision to human survival.


Ocular dominance columns run at right angles to the cortical surface. Within a column, visual input is derived from one eye only; in the immediate neighboring cortical surface, perhaps 0.5 mm away, another column deriving input from the other eye is encountered.


Monocular occlusion in animal experiments during the early postnatal period demonstrates that the columns of the occluded eye grow smaller, whereas the columns of the open eye enlarge. Subsequent uncovering of the occluded eye does not restore the equality of the columns, which is considered central to understanding critical periods in visual development. The failure of that development is designated amblyopia.


A hierarchy exists to the processing of visual information at a cellular level. The striate cortex has different cell types that respond to increasingly specific stimuli. Simple cells have the same light–dark, center–surround response profile as retina and LGN cells. Complex and hypercomplex cells respond best to a light stimulus that is not a spot but a line at a particular angle or a specific length to achieve an optimal cell response.


This hierarchical structure suggests that additional cell types, probably located in extrastriate association cortices, respond to more specific and complex stimuli until, eventually, there may be “higher” association cortices, with groups of cells producing specific patterns of neuronal activation that represent the anatomic correlate for a specific perceptual recognition.
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