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Series editor foreword


The Crash Course series first published in 1997 and now, 15 years on, we are still going strong. Medicine never stands still, and the work of keeping this series relevant for today's students is an ongoing process. These fourth editions build on the success of the previous titles and incorporate new and revised material, to keep the series up-to-date with current guidelines for best practice, and recent developments in medical research and pharmacology.


We always listen to feedback from our readers, through focus groups and student reviews of the Crash Course titles. For the fourth editions we have completely re-written our self-assessment material to keep up with today's ‘single-best answer’ and ‘extended matching question’ formats. The artwork and layout of the titles has also been largely re-worked to make it easier on the eye during long sessions of revision.


Despite fully revising the books with each edition, we hold fast to the principles on which we first developed the series. Crash Course will always bring you all the information you need to revise in compact, manageable volumes that integrate basic medical science and clinical practice. The books still maintain the balance between clarity and conciseness, and provide sufficient depth for those aiming at distinction. The authors are medical students and junior doctors who have recent experience of the exams you are now facing, and the accuracy of the material is checked by a team of faculty advisors from across the UK.


I wish you all the best for your future careers!




Dr Dan Horton-Szar
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Author


The nervous system is one of our body's most fascinating organ systems. However, the vast literature and seemingly complex concepts surrounding the subject can be an intimidating prospect for medical students. This textbook has been written specifically with medical students in mind and aims to present the nervous system in a way that is accessible and relevant to undergraduates. Not only is the information more than enough to pass your undergraduate exams, more importantly it will provide a strong foundation in the basic neurosciences that will prove invaluable in your study of the clinical neurosciences.


I wish you the best of luck with your exams!







Jenny Ross









Faculty advisor


Since my undergraduate medical training two decades ago, the curriculum has changed greatly. On the negative side formal courses covering neuroanatomy, neurophysiology and neuropharmacology have disappeared. On the positive side they have been replaced by more integrated courses with greater emphasis on clinical relevance. This book is aligned with the ethos of integration. In one single volume the reader is provided with a clinically relevant introduction to neuroanatomy, neurophysiology, neuropathology and neuropharmacology. In addition there is a section covering neuropsychology, an important and developing area of clinical neuroscience. A key element in the success of the book is the section around clinical examination of the nervous system, building on the basic neuroscience discussed in the preceding chapters.


Have the previous editions been successful? The level of sales and the feedback from students would suggest the book is filling an important slot in the crowded marketplace of clinical neuroscience textbooks. An important part of the success of the “Crash Course” books is that they are written by students for students, and that with every new edition comes a new author with the ability to critically evaluate the previous edition. The third edition was written by Tom Miller and Mark Hughes, and both have now graduated and are developing successful careers in clinical neuroscience. The fourth edition has been revised by Jenny Ross, a senior medical student. The layout of the book has been modified and the self assessment section expanded. However, Jenny has retained the ethos of the previous edition and has made my job as faculty advisor of this edition straightforward. I am delighted with the end result.


Clinical neuroscience remains an exciting and rewarding career choice. Study of the nervous system can initially be daunting but for those who take a little time to familiarize themselves with the basic principles the rewards can be great. Clinical neurosciences impact on all aspects of medical care and patients with neurological problems are common and deserve at least a basic standard of care from all doctors they encounter. I hope this book will encourage students to achieve a fundamental understanding of the nervous system and that, for a small number, will be the first step towards a more detailed knowledge and the beginnings of a long and fulfilling career investigating and treating disorders of the nervous system.







Colin Smith
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1 Introduction and overview of the nervous system




Objectives


In this chapter you will learn about:




• The skull and cranial meninges.


• The cerebral hemispheres and cortices and the effects of cortical damage.


• The blood supply to the central nervous system and cerebrovascular disease.


• The production, function and circulation of cerebrospinal fluid.


• The role of glial cells in the central nervous system.


• The structure and function of the blood–brain barrier.


• The metabolic requirements of the central nervous system.












Introduction


The nervous system is designed to detect features of the internal and external environments, to process this information, and to use it to direct behaviour and body processes. There are three basic mechanisms that work together to achieve this: perception, information transfer and processing and output to the body.


The nervous system is divided into two anatomically different parts:




• Central nervous system – consisting of the brain and spinal cord


• Peripheral nervous system – this includes all the nerves arriving from and going to the brain and spinal cord.





The peripheral nervous system is divided into somatic and autonomic divisions:




• The somatic division consists of the sensory and motor supply to skin, muscles and joints.


• The autonomic division supplies smooth muscle and glands together with some specialized structures such as pacemaker cells of the heart. One of its main functions is control of the internal environment.









Perception


Specialized receptors in the skin respond to touch, pain and temperature. Receptors in muscle respond to muscle length and others in joints respond to the position of the joint. These combine with information gathered by the special sense organs (sight, hearing, smell and taste) and provide the brain with information about the immediate and remote external environment and the body's position in space. Other receptors monitor the state of the internal environment (e.g. baroreceptors for blood pressure).









Information transfer and processing


Neurons (nerve cells) have specialized projections called axons that can conduct electrical impulses over long distances. Information delivered to neurons can be modified by, or integrated with, other inputs from related areas. In the central nervous system, neurons have many complex connections which allow the brain to use information in several different ways simultaneously.









Output to the body


Once information has been collated and processed by the brain, it is used to drive the outputs of the central nervous system. This includes innervation of other excitable cells such as muscles, internal organs and glands. In this way, the brain controls body movement and can modify circulation and respiration.












Coverings of the central nervous system


The brain and spinal cord are supported and protected by the bones of the skull and the vertebral column respectively. Additionally, three membranous layers (meninges) envelop the brain and spinal cord within their bony surrondings; the dura mater is the outermost layer, the middle layer is the arachnoid mater, and the innermost layer is the pia mater.









The skull


The brain rests on the floor of the cranial cavity which consists of three fossae; the anterior, middle, and posterior cranial fossa. Each fossae accommodates particular parts of the brain and contains foramina which provide points of entry and exit for important blood vessels and cranial nerves. This is illustrated in Figures 1.1 and 1.2.
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Fig. 1.1 Floor of the cranial cavity.
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Fig. 1.2 The three cranial fossae – the parts of the brain they accommodate, the foramina they possess and the nerves and blood vessels entering and leaving the cranial cavity through each








Skull fractures


Skull fractures are common in head injury and are of three main types:




• Linear fractures – simple straight fractures


• Comminuted fractures – complex, branching fractures


• Depressed fractures – inner table is depressed by at least the thickness of the skull.





When a skull fracture is suspected, a skull radiograph and/or a CT scan should be obtained to confirm the diagnosis. Complications of skull fractures are:




• Extradural haematoma – often caused by linear fractures crossing the middle meningeal groove and causing the rupture of the middle meningeal artery. This may be associated with a ‘lucid interval’ after the injury as the blood clot expands, with a subsequently decreasing conscious level. Neurosurgical evacuation is required to prevent rising intracranial pressure resulting in brain displacement and death.


• Cerebrospinal fluid rhinorrhoea (cerebrospinal fluid leak from the nose) caused by skull-base fractures tearing the dura in the floor of the anterior fossa and the nasal mucosa. This might occasionally be accompanied by pneumatocoeles and fluid (visible on radiographs), particularly in the sphenoidal sinuses.


• Cerebrospinal fluid otorrhoea (cerebrospinal fluid leak from the ear) caused by fractures of the petrous temporal bone.


• Infection – particularly with compound fractures and persistent cerebrospinal fluid fistulae (cerebrospinal fluid rhinorrhoea and otorrhoea), in which case prophylactic antibiotic cover is needed.








Hints and Tips


Basal skull fractures may not be immediately obvious. Signs include bilateral ‘black eyes’, bruising over the mastoid process (Battle's sign) and subconjunctival haemorrhage with no clear posterior margin (indicating blood tracking forward). Avoid nasogastric tubes and nasal airways in these patients.















Meninges


Three concentric membranous layers envelope the brain and spinal cord. The outermost layer, the dura mater, is a tough, fibrous, loose-fitting membrane. Two large relections of dura extend into the cranial cavity; the falx cerebri occupies the great longitudinal fissure between the cerebral hemispheres, while the tentorium cerebelli lies horizontally between the cerebellum and the occipital lobes. The dural venous sinuses, important in the venous drainage of the brain, are described later in the chapter. The arachnoid mater is a translucent membrane that, like the dura mater, loosely surrounds the brain. The subdural space is a virtual space that separates the dura and arachnoid mater, and is transversed by veins en route to the venous sinuses. The pia mater is microscopically thin and closely adherant to the surface of the brain. Between the pia and arachnoid mater lies the subarachnoid space containing cerebrospinal fluid (CSF) and large blood vessels.






Meningitis






Acute bacterial meningitis


Acute bacterial meningitis is an infection of the pia mater with pus filling the subarachnoid space. Causative organisms vary according to patient age. Three bacteria account for over three-quarters of all cases:




• Neisseria meningitidis (meningococcus)


• Haemophilus influenzae (if very young and unvaccinated)


• Streptococcus pneumoniae (pneumococcus).





Other organisms to consider:




• Neonates: Escherichia coli, ß-haemolytic streptococci, Listeria monocytogenes


• Elderly and immunocompromised: Listeria, tuberculosis, Gram-negative bacteria


• Hospital-acquired infections: Klebsiella, Escherichia coli, Pseudomonas, Staphylococcus aureus.





Clinical features are:




• Fever, headache, photophobia, painful eye movements. Impaired consciousness is a late and ominous feature


• Neck stiffness, positive Kernig's sign


• Occasionally – petechial skin rash (meningococcal meningitis), focal neurological signs, particularly cranial nerve palsies.









Investigations







• In the presence of impaired consciousness or focal neurological signs, a head CT scan should be performed first to exclude a space-occupying lesion.


• Lumbar puncture is the key investigation. CSF will be turbid with a very high polymorphonuclear cell count and low glucose. An immediate Gram stain should be performed and the cerebrospinal fluid should be sent for culture.












Treatment







• Meningitis is a very serious but potentially treatable condition. It is a medical emergency and prompt treatment may save lives and limit morbidity.


• If the lumbar puncture cannot be performed immediately, prompt ‘blind’ treatment with a broad-spectrum antibiotic could be life saving. General practitioners who suspect meningitis in the community should give benzylpenicillin (1.2 g intramuscularly/intravenously) without delay.


• Prophylactic antibiotics for close contacts (family, school, college, etc.) should be considered.












Prognosis







• Mortality remains high.


• Overall mortality in developed countries ranges between 5% and 30%, depending on the causative organism.















Aseptic meningitis


A large number of viruses (mumps, enteroviruses, coxsackie A and B, Epstein–Barr virus) produce an acute self-limiting aseptic meningitis. Patients are moderately ill with fever, malaise, headache, vomiting and mild neck stiffness. Impaired consciousness is suggestive of an encephalic component.


Cerebrospinal fluid examination shows moderate lymphocytosis. The protein is only slightly elevated and glucose is normal. There is no specific treatment and recovery after a few days is the rule.


Note that an aseptic picture is also seen in partially treated bacterial meningitis.





Hints and Tips


All children should now be vaccinated against haemophilus (B) and meningococcus type C, which were previously the commonest causes of meningitis in children. A good history of vaccinations is important in deciding on appropriate empirical treatment.


















The cerebral hemispheres and cerebral cortex






Anatomy


The fully developed central nervous system is shown in Figure 1.3.
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Fig. 1.3 Midsagittal section of the central nervous system showing components of the forebrain, midbrain, hindbrain and spinal cord.




The central nervous system is divided into regions of grey and white matter. In the cerebrum the grey matter may be superficial (cortical ribbon) or deep (deep grey nuclei). Both grey and white matter contain many cell types (astrocytes, oligodendrocytes, microglia, endothelial cells), but only grey matter contains neuronal cell bodies. White matter appears white due to the high myelin content.


The cerebral cortex is divided into four lobes on the basis of the folds (sulci) in the surface, as shown in Figure 1.4:




• The frontal lobe is separated from the parietal lobe by the central sulcus.


• The temporal lobe is separated from these two lobes by the lateral sulcus.


• Demarcation of the occipital lobe is difficult to appreciate from a lateral view but, on the medial (midsagittal) view (Fig. 1.5), the parieto-occipital sulcus can be seen. The leaf-like folia of the cerebellum (sitting behind the midbrain, pons and medulla) can also be seen.
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Fig. 1.4 Left cerebral hemisphere, lateral view showing major lobes.
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Fig. 1.5 Medial view of the right side of the brain, showing deep structures, midbrain and hindbrain.











Structure and functional asymmetry


On a macroscopic level the two cerebral hemispheres appear symmetrical and equal. However, on closer examination there are subtle differences between the two hemispheres. For example, the planum temporale (the superior aspect of the temporal lobe lying within the lateral sulcus and forming the junction between the temporal, occipital and parietal lobes) tends to be larger in the left hemisphere of most people. Wernicke's area lies in the posterior part of the planum temporale and is central to the comprehension of speech. Damage here (e.g. following a stroke) results in a lack of language comprehension. Furthermore, when one considers that the left-hand side of the brain controls the right side of the body (which tends to be the dominant hand in most people) it is unsurprising that the left hemisphere is usually described as the dominant hemisphere. However, a small but significant number of left-handed people have a dominant right hemisphere. To screen for this during the history ask which hand the patient writes with.


Despite being joined primarily by the corpus callosum, the two hemispheres carry out different functions. Evidence for this comes from:




• Patients with lesions localized to one hemisphere (e.g. patients who have aphasia following a left hemisphere stroke)


• Patients with severe grand mal epilepsy who have undergone sectioning of the corpus callosum (commissurotomy) to prevent spread of seizures


• ‘Split-brain’ animal studies, in which a commissurotomy was carried out.





An unfortunate fact of neuroscience is that much of our understanding of how the brain works has arisen from ‘lesion studies’ in which patients have suffered damage (accidental, warfare or iatrogenic) to their brain and as a result developed very specific deficits in particular domains. Furthermore, the localization of functional areas has been experimentally demonstrated by:




• Positron emission tomography (PET) or functional magnetic resonance imaging (fMRI) of normal subjects performing a range of tasks


• Wada's test, in which sodium amobarbital (sodium amytal) is injected into one carotid artery, which temporarily anaesthetizes one hemisphere so that tasks can be processed only by the other one. For example, injection of sodium amobarbital into the left carotid artery will temporarily block speech in most subjects.





Split-brain and other experiments may not give us the whole story, as there is some evidence that the ability of a hemisphere to carry out a task may deteriorate after commissurotomy. In a simplified form, lateralization can be summarized as thus:




• The left hemisphere is involved in intellectual reasoning and language.


• The right hemisphere is more concerned with spatial construction (including depth perception and the internal ‘map’ of our surroundings) and emotion.





Why should the left and right hemispheres carry out different functions at all? It is believed that to speed up the processing power of the brain, the two hemispheres operate largely independent of each other on their particular functions and hemispheric communication only ensues when more ‘processing power’ is needed.


There is an element of plasticity in the location of function. In children who sustain damage to one hemisphere, the other one can take over its functions so that there is no appreciable deficit. This is not the case in adults, as shown by the effects of a stroke.









Cortical localization


While reading this book it should become apparent that specific functions are performed solely by different areas of the brain (e.g. visual processing in the occipital lobe, coordination in the cerebellum). The same is true for the other lobes and their cortices.


The lobes can be split up into regions that act as functional units through which information can flow and can be processed. These functional units lie in different cortical regions and their ‘functions’ depend on their specific input and output connections. In general, lobes can be split up into:




• Primary sensory or motor areas which receive information from outside the brain or project outside the brain.


• Higher-order sensory or motor areas which carry out further processing of information from one modality (e.g. sight or sound). For example, visual areas V2–V5 segregate information into the colour, form and motion channels. The supplementary motor area has a role in planning movements by integrating inputs from the prefrontal cortex (PFC), basal ganglia and cingulate cortex.


• Association areas where information from different modalities comes together for processing, forming a cohesive representation of the experienced world. For example, the sights, sounds and smells of a rugby match coming together so we can enjoy the ‘whole scene’.





However, each lobe is normally ascribed particular functions, forming an anatomical basis for the ‘higher functions’.






Frontal lobes


The frontal lobes lie anterior to the central sulcus and contain several functional areas:




• The primary motor cortex (M1) on the precentral gyrus is involved with the initiation of muscle movement (see Ch. 6).


• The premotor and supplementary motor areas just anterior to M1 are involved in the cortical programming and preparation of movement and control of posture (see Ch. 6).


• Broca's area is where the muscle movements that articulate speech are determined before being sent to the bulbar muscles via the cranial nerves. This is the ‘how’ of speech.


• A frontal eye field (Brodmann's area 8) lying on the middle frontal gyrus controls voluntary conjugate deviation of the eyes while scanning the visual field.


• An extensive area of cortex lying anterior to the motor fields, known as the prefrontal cortex (PFC), is rich in connections from the parietal, temporal and occipital cortices. Association fibres run through the PFC primarily through the subcortical white matter. The PFC is also innervated by several brainstem nuclei (see Ch. 6).








Hints and Tips


Phineas Gage is the most famous patient with frontal lobe damage. Following a railway accident where a tamping rod was forced through Gage's frontal lobes producing a crude frontal lobectomy, Gage went from being a capable, efficient and shrewd business man to being impatient, obstinate and impulsive. His friends said that he was ‘no longer Gage’.








Hints and Tips


The prefrontal cortex (PFC) is often seen as the home of higher function, where we plan behaviour and our sequence of response, change our response patterns to the dynamic demands of our environment and where we control our emotional state.












Parietal lobes


The parietal lobes contain:




• A primary somatosensory cortex contained within the postcentral gyrus, the most anterior part of the lobe. Thalamocortical neurons terminate here and this corresponds to the third and final relay elevating general sensation from peripheral receptors to a conscious level.


• The superior parietal lobe receives several sensory modalities and motor inputs. Here these inputs build up a picture of how the body is positioned in the environment.





The parietal lobes in each hemisphere represent the contralateral half of space (the world around us). However, space is not equally represented in the hemispheres. The left hemisphere represents only the right side of space, whereas the right hemisphere represents all of the left side of space and some of the right. This means that the right side of space is ‘viewed’ by both hemispheres and is slightly over-represented. Clinically, this means that lesions to the left parietal cortex will not completely disrupt processing of the right side of space because the right hemisphere can compensate to some degree. Right-sided lesions will produce more severe effects on the processing of the left half of space, because this is not carried out elsewhere in the brain. This phenomenon is known as neglect (see Ch. 8).









Temporal lobes


The temporal lobes contain:




• An auditory association cortex which lies immediately posterior to the primary auditory cortex. In the dominant hemisphere this is known as Wernicke's area, where language comprehension and responses occurs.


• Other higher-order sensory areas involved in visual object recognition.


• The inferomedial part of the temporal lobe curls inwards to form the hippocampus which lies in the floor of the inferior horn of the lateral ventricle deep to the parahippocampal gyrus. Both structures are involved in learning and memory (see Ch. 13)


• Towards the anterior end of the hippocampus and temporal lobes lies a collection of subcortical grey matter known as the amygdala.












Occipital lobes


Chapter 8 describes more fully the function and roles of the occipital lobes and cortex in the construction of the visual world.





Hints and Tips


Anton's syndrome is characterized by a delusion of reality in which a blind person denies their blindness. Despite the complete blindness, the patient confabulates and denies any loss of visual perception. This is usually due to bilateral medial occipital cortex damage producing cortical blindness. This usually follows stroke or haemorrhage.





Figure 1.6 demonstrates roughly what happens where in the cortex.
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Fig. 1.6 The functional topography of the cerebral cortex by areas.

















Cortical damage


The various functions of the different lobes have already been covered. What remains is to understand the effects of damage to these areas.






Frontal lobes


Damage to the frontal lobes can produce particular neurological deficits such as:




• An inability to organize responses and to solve problems.


• Motor weakness if lesions involve primary motor cortex.


• ‘Perseveration’. This occurs when one is unable to change a response pattern when required to. The Wisconsin card-sorting test is based on the ability of a subject to sort cards according to one rule (e.g. same colour) and then according to another rule (e.g. to sort the cards into the same pattern). The subject determines the new rule by feedback from the examiner about correct or incorrect card sorting. Perseveration occurs when subjects do not stop using a previously correct rule that is now incorrect. In other words they persevere with the old rule despite it being wrong.


• Personality changes in emotional states referred to as disinhibition. People no longer behave appropriately in social situations (they do whatever they want whenever they want).


• Disordered eye movements while scanning a visual field.


• Damage to Broca's area produces expressive dysphasia which is hesitant and limited (described as telegrammatic). Patients may not be able to say particular words.


• Disordered working memory with distractability (see later).





It is rare for these patients to have insight into their condition.





Hints and Tips


Perseveration may be an important feature in dementia. When asked their name, patients may answer correctly, but subsequent (different) questions will elicit the same answer.












Parietal lobes


Lesions of the parietal cortex will produce:




• Lack of conscious sensation in the contralateral half of the body


• Attentional defects presenting as neglect


• Inability to make voluntary eye movements and optic ataxia after bilateral parieto-occipital damage (Balint's syndrome)


• Constructional apraxia: an inability to organize movement in space with right-sided lesions (remembering the general function of the right hemisphere). This is tested with the Mini-Mental State Examination (MMSE) by asking the patient to draw two interlocking pentagons


• Disorder of spatial awareness (usually right-sided) presenting with defects in route finding


• Disorder of language (especially if dominant hemispheric damage)


• Agnosia: an inability to perceive and recognize objects normally (see Ch. 7). Patients with parietal damage may also have astereognosia – an inability to recognize objects by touch. For example, they could not pick out a particular coin from a selection in a pocket by touch alone.












Temporal lobes


Temporal lobes lesions produce the following deficits:




• Disorders of verbal information learning in left-sided lesions and visuospatial information learning in right-sided lesions (remembering the general roles of each hemisphere).


• Problems in understanding spoken and written language but no reduction seen in the fluency of language (receptive aphasia; compare with expressive dysphasia). This results in meaningless and irrelevant speech, with little understanding.


• Object agnosia, whereby patients cannot recognize objects from visual information but can do so via other modalities of sense (e.g. touch).









Connections


Commissural fibres connect neurons in different hemispheres. Association fibres connect neurons in the same hemisphere. Projection fibres connect the cerebral cortex with lower levels of the brain and spinal cord. There are vast numbers of connections in the central nervous system and there are many inputs modulating the effects of all connections.















The blood supply to the central nervous system


Figure 1.7 shows the arteries which supply blood to the brain. These form an anastomosis known as the circle of Willis. Figure 1.8 shows the territories of the major arteries supplying the cortex. Knowledge of these is required when assessing a person with a stroke. Four vessels supply the brain: right and left internal carotid and vertebral arteries:




• The internal carotid arteries send off two branches (the anterior and posterior communicating arteries) before becoming the middle cerebral artery. This artery has an extensive territory, supplying most of the surface of the brain and some of the basal ganglia.


• The anterior cerebral arteries travel forward on either side of the longitudinal fissure to supply the medial surface of each cerebral hemisphere.


• The vertebral arteries join at the inferior border of the pons to form the single basilar artery. Branches of the vertebral arteries and the basilar artery supply the medulla, pons and cerebellum.


• The posterior cerebral arteries supply the occipital and temporal lobes. Most of their input is derived from the basilar artery, with a contribution from the carotid vessels via the posterior communicating arteries.
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Fig. 1.7 Blood supply to the brain, showing the circle of Willis and its relation to the cranial nerves.
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Fig. 1.8 Territories of the cerebral arteries. (A) Lateral and (B) medial views of the left and right cerebral hemispheres. (C) Coronal (transverse) section through the cerebral hemispheres.




The loop formed between the basilar artery and the internal carotid vessels (via the anterior and posterior communicating arteries) is known as the circle of Willis.


Venous drainage from the cortex is via the superior sagittal sinus which runs in the longitudinal fissure. This drains into the transverse sinuses where it joins the blood coming from the cerebellum and brainstem (Fig. 1.9).
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Fig. 1.9 The venous sinuses.




Optic, olfactory and some facial structures drain into the cavernous sinus, which contains many important structures including:




• Internal carotid artery


• Cranial nerves III, IV, VI and the ophthalmic and maxillary divisions of cranial nerve V.





Blood travels from the cavernous sinus to the transverse sinus via the superior petrosal sinus and directly to the internal jugular via the inferior petrosal sinus.


The inferior sagittal sinus and the internal cerebral vein drain the deep structures of the cortex into the straight sinus, which later joins with the transverse sinus. Together, they drain into the internal jugular vein.





Hints and Tips


Spread of infection from the face or orbit may result in cavernous sinus thrombosis. As the infection tracts posteriorly, the patient complains of orbital pain, periorbital oedema and visual disturbances. Common signs are a red swollen eye, exophthalmos and palsies of the nerves that run through the cavernous sinus (III, IV, V, VI). On funduscopy, papilloedema may be seen.












Cerebrovascular disease






Hypoxia, ischaemia and infarction


There are almost no tissue stores of oxygen or glucose in the brain. When blood supply fails, the brain ceases to function and cerebral ischaemia ensues resulting in tissue infarction. Cerebral blood flow is maintained by a number of homeostatic mechanisms at approximately 54 mL/100 g per minute, a process termed autoregulation. This begins to fail when the mean arterial blood pressure falls below a level of 60–70 mm Hg. Cerebral perfusion pressure (CPP) is the difference between systemic blood pressure (SBP) and intracranial pressure (ICP) – CPP= SBP−ICP.





Hints and Tips


Patients with intracranial mass lesions causing raised ICP will have systemic hypertension and bradycardia (Cushing reponse).





Progression from reversible ischaemia to infarction depends on degree and duration of reduced blood flow. Cerebral blood flow below 28 mL/100 g per minute results in development of the morphological changes of infarction (tissue pan-necrosis). The central necrotic zone of an infarct is surrounded by an ‘ischaemic penumbra’ – an area of tissue which is damaged, but remains viable for a given time period. Restoration of blood flow may, therefore, give a clinical improvement.









Mechanisms of stroke


Strokes can be either thromboembolic or haemorrhagic. Thromboembolic infarcts are predominantly secondary to atheroma or cardiogenic emboli, although very rarely infarcts may be seen secondary to embolic material such as fat (fractured long bones) or malignancy. Haemorrhagic infarcts are mostly seen in the setting of hypertension, although other causes include underlying malignancy or vascular malformation, trauma, vasculitis, recreational drugs and iatrogenic causes.


Hypertensive infarcts occur most frequently in the following sites:




• The putamen and the internal capsule


• Central white matter


• Thalamus


• Cerebellar hemisphere


• Pons.





It is often very difficult to differentiate clinically between primary cerebral haemorrhage and thrombo-embolic infarction, and pathologically between thrombotic and embolic infarctions.






Transient ischaemic attack


Transient ischaemic attack is a focal neurological deficit of a presumed vascular origin from which a full clinical recovery occurs within 24 hours. They are thromboembolic in nature and should be recognized and managed promptly because they are an indication that a full stroke may be imminent. Carotid territory transient ischaemic attacks present with:




• Transient monocular blindness (amaurosis fugax)


• Transient sensory or motor symptoms of the face, arm or leg


• Transient aphasia.





Vertebrobasilar transient ischaemic attacks present with a combination of:




• Dysarthria


• Vertigo and unsteadiness


• Diplopia


• Circumoral paraesthesiae


• Sensory or motor symptoms affecting the limbs singly or in combination


• Cranial nerve palsies.








Hints and Tips


Patients often describe amaurosis fugax as ‘a black curtain descending over one eye’.












Ischaemic stroke


Thromboembolic infarctions constitute approximately 85% of all strokes. The clinical features are extremely variable and depend on the site and the extent of the lesion (Fig. 1.10).





[image: image]

Fig. 1.10 Cerebral artery territories and symptoms of strokes in those areas.











Haemorrhagic stroke


Haemorrhagic strokes constitute 15% of all strokes. They are usually hypertensive (Fig. 1.11). In the majority of cases, the symptoms develop while the patient is awake and active. Headache is a prominent feature. Clinical features depend on the site of bleeding:




• Capsular haemorrhage – hemiplegia (face, arm and leg) and depressed consciousness


• Pontine haemorrhage – tetraplegia, small pupils and coma


• Cerebellar haemorrhage – severe headache, ipsilateral ataxia and depressed consciousness.
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Fig. 1.11 Charcot–Bouchard aneurysms and the structures with rupture effects.








Investigations


Investigations should be directed towards confirming the diagnosis (CT, MRI) and addressing the aetiological factors (electrocardiogram, carotid Doppler, echocardiogram).









Management


Acutely, use the ‘BRAIN ATTACK’ mnemonic:




• B – Blood pressure. Do not treat acutely (discuss with senior if > 200/120 mmHg)


• R – Respiration. Keep O2 saturation > 95%


• A – Airway management


• I – Intravenous saline. Keep hydrated


• N – Normoglycaemia. Avoid dextrose


• A – Aspirin. As soon as haemorrhage excluded on CT scan


• T – Temperature. Keep < 37 °C and treat pyrexia urgently


• T – TEDS (compression stockings) for all to prevent deep vein thrombosis


• A – Assess water swallow test


• C – CT scan as soon as possible


• K – Keep 30° head-up tilt.





In an established stroke, skilled nursing and physiotherapy are the main pillars of treatment. Specialist stroke units have lower mortality than standard hospital care. For secondary prevention, all potentially modifiable risk factors should be addressed. Aspirin or warfarin and endarterectomy (for severe symptomatic carotid stenosis) should be considered. Evidence suggests that all people with proven atheromatous disease should be on lifelong lipid-lowering drugs (statins).















Subarachnoid haemorrhage


Subarachnoid haemorrhage is relatively uncommon and typically occurs in people between the ages of 35 and 65 years. Rupture of a cerebral berry aneurysm is the commonest cause (70%), with arteriovenous malformations accounting for 15% of cases. Berry aneurysms result from a defect in the media and elastica of the cerebral arteries, causing the media to bulge outward covered only by the adventitia. Genetic factors are important, particularly polycystic kidney disease and coarctation of the aorta.


Berry aneurysms vary in size (average 1 cm) and shape, and are commonly located at bifurcations of the cerebral arteries (Fig. 1.12). The severity of symptoms is related to the severity of the bleed with:




• Severe headache ‘as if hit on the head with a sledge-hammer’


• Nausea and vomiting.
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Fig. 1.12 Common sites of aneurysms of the intracranial vessels.




The signs of subarachnoid haemorrhage are:




• Neck stiffness, positive Kernig's sign (pain on passively extending the knee when the hip is flexed to 90º) – both are signs of meningeal irritation, which develop 6 hours after the bleed


• Focal neurological signs (particularly III nerve palsy in posterior communicating artery aneurysms)


• Drowsiness, depressed consciousness


• Retinal haemorrhages.





Patients should be investigated with head CT scanning. A lumbar puncture should be performed if the scan is normal. This may show frank blood or xanthochromia (indicative of previous blood in the cerebrospinal fluid). CT angiography and/or digital subtraction angiography are used to locate the aneurysm(s). Patients should be kept in bed and given adequate analgesia. The aneurysm(s) should be clipped or coiled at an appropriate time.


Mortality is related to the severity of the bleed and is particularly high in patients with depressed consciousness.












The ventricular system and cerebrospinal fluid


The ventricles of the brain contain cerebrospinal fluid and are joined together to allow the fluid to circulate. The paired lateral ventricles (Fig. 1.13) have frontal, occipital and temporal horns and communicate with the third ventricle (which lies posterior and inferior) through the interventricular foramen of Monro.
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Fig. 1.13 The lateral ventricle, and its relationship to the basal ganglia and thalamus.







Hints and tips


The ventricles may become distorted by a space-occupying lesion. CT or MRI allow this ‘mass effect’ to be visualized.





The cerebrospinal fluid circulates in the ventricles, spinal canal and subarachnoid space. It provides a cushion to prevent the delicate nervous tissue from being damaged by surrounding bones. The CSF also plays an active role in providing nutrition to the central nervous system and in removing waste products.


Most of the CSF is formed by the choroid plexi of the lateral, third and fourth ventricles. The CSF is produced at a rate of approximately 500 mL/day in an adult. As the total CSF space is 100–150 mL (30 mL in the ventricles and the remainder in the subarachnoid space) this volume must be turned over approximately three times a day. Groups of choroid plexus epithelial cells project into the ventricles, giving a folded appearance. These folds contain a leaky fenestrated capillary in the centre, and on their surface have microvilli which project into the ventricles. Figure 1.14 depicts the flow of CSF.





[image: image]

Fig. 1.14 The ventricular system. Fluid produced in the lateral ventricles drains via the interventricular foramina into the third ventricle, where more cerebrospinal fluid (CSF) is added by choroid plexus tissue of the third ventricle. Flow continues via the aqueduct of the midbrain to the fourth ventricle. From here fluid escapes into the subarachnoid space via two lateral apertures.




The CSF is produced by a combination of capillary filtration and active transport of solutes. Blood and CSF are in osmotic equilibrium because water follows the gradients created. Despite the protein content of CSF being approximately 1000-fold lower than that of blood plasma, its higher ionic concentration results in the two fluids having the same osmolality. Figure 1.15 shows the differences between blood and CSF. These parameters can be measured on lumbar puncture.
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Fig. 1.15 Differences between blood plasma and cerebrospinal fluid (CSF)




The CSF flows from the lateral ventricles into the third ventricle (through the foramen of Munro) and then through the aqueduct of Sylvius into the fourth ventricle. From here it gains access to the subarachnoid space via three orifices: a medial foramen of Magendie and two lateral foramina of Luschka. It reaches the nervous tissue by travelling along blood vessels in the perivascular (Virchow–Robin) space (Fig. 1.16) where it equilibrates with extracellular fluid. By equilibrating with brain extracellular fluid, unwanted metabolites are excreted into the blood. As the choroid plexus is able to absorb material from CSF (choline, dopamine, serotonin metabolites, urea, creatinine, K+) it can be considered an excretory organ of the brain.
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Fig. 1.16 Spaces filled with cerebrospinal fluid – subarachnoid and perivascular.




CSF is taken back into the circulation by:




• Arachnoid granulations, which are protrusions of the arachnoid space covered by a thin layer of cells that line the venous sinuses


• Perineural lymph vessels of the cranial and spinal nerves.





CSF surrounding the brain confers three primary mechanical benefits:




• By floating the brain in a fluid-filled compartment its effective weight is reduced from approximately 1.4 kg to just 50 g.


• Adjustments to CSF and meninges compensate for transient changes in intracranial pressure caused by alterations in cerebral blood flow. As cerebral blood flow increases, CSF is pushed from the ventricles into the subarachnoid space surrounding the spinal cord (locally increased elasticity of the dura mater accommodates for the increase in volume). Long-term increases in intracranial pressure can be compensated by increasing CSF flow to the venous sinuses.


• The CSF decreases the force with which the brain impacts the cranium when the head moves.












Hydrocephalus


This condition is caused by an increase in cranial CSF volume resulting in increased pressure within the ventricular system. It can be divided into three types:




• Obstructive (non-communicating) hydrocephalus – caused by a congenital or acquired obstruction in the CSF pathway resulting in the accumulation of fluid proximal to the block (Fig 1.17). Blockage is most likely to occur at the outlets of the fourth ventricle (the foramina of Luschka and Magendie) but may also occur at the level of the cerebral aqueduct (of Sylvius). Ventricles rostral to a blockage dilate and put pressure on the brain tissue. This increases intracranial pressure and in the newborn can distort the skull bones (as the sutures have not fused). It may be relieved surgically by shunting (e.g. ventriculoperitoneal shunt) or by endoscopic ventriculostomy.


• Communicating hydrocephalus – caused by reduced absorption, excessive production or increased viscosity of CSF (Fig 1.18).


• Normal pressure hydrocephalus – gross ventricular enlargement is seen without cortical atrophy on a CT scan. The pathogenesis is unknown but may be due to a partial obstruction of CSF flow from the subarachnoid space. The classic clinical triad is dementia, gait disturbance and early urinary incontinence.
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Fig. 1.17 Causes of obstructive hydrocephalus
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Fig. 1.18 Causes of communicating hydrocephalus




Useful investigations in hydrocephalus include:




• Head CT/MRI – this shows the pattern of ventricular dilatation and excludes the presence of space-occupying lesions.


• Transfontanelle ultrasonography – this is a useful non-invasive test in newborn babies.


• Intracranial pressure monitoring – a pressure transducer inserted into the lateral ventricle, brain or subdural space.


















Supportive cells






Glial cells


Glial cells are the supporting cells for the neurons of the nervous system. There are 5–10 times more glial cells than neurons in the nervous system.






Macroglia







• Schwann cells are found only in the peripheral nervous system, where they surround axonal processes of neurons. They wrap around individual cells like a Swiss roll, and insulate the axon with myelin. One Schwann cell insulates just one axon. Schwann cells also play an important role in the regeneration of damaged peripheral axons.


• Oligodendrocytes are the equivalent of Schwann cells in the central nervous system, providing myelin insulation. Unlike Schwann cells, each oligodendrocyte can myelinate many axons. Oligodendrocytes are also associated with several molecules that are inhibitory to axonal growth, therefore contributing to the failure of adult central nervous system neurons to regenerate after injury.


• Astrocytes are small stellate cells with long branching processes that provide the framework for the surrounding neurons and capillaries (Fig. 1.19). They provide a ‘scaffold’ which prevents axons of different nerve cells from coming into contact with one another, and their signals suffering interference. Astrocytes can also take up, store and release some neurotransmitters (such as γ-aminobutyric acid (GABA) and glutamate), preventing them from constantly activating postsynaptic neurons and also potentially playing an adjunctive role in chemical neurotransmission. Astrocytes store glycogen (which can be broken down to glucose at times of high metabolic demand) and help to regulate interstitial fluid potassium concentration. They can act as phagocytes and play a role in scar formation.


• Ependymal cells line the ventricles of the brain and the central canal of the spinal cord. Ependymocytes have cilia on their surface which project into the fluid-filled cavities and contribute to the flow of CSF. They may also have a role in absorbing solutes from the CSF. Choroidal epithelial cells, which produce and secrete CSF, also come in this group.
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Fig. 1.19 Astrocytes, and their relation to neurons and capillaries.











Microglia


These are resident macrophages which are derived from monocytes outside the nervous system (in the reticuloendothelial system). Under normal circumstances they appear to be inactive. When there is tissue damage or inflammation they multiply and act as phagocytes. Similar to macrophages elsewhere, they are antigen-presenting cells and can, therefore, interact with other elements of the immune system. Macrophages from the periphery can be recruited to the central nervous system to supplement the function of microglia when required.















The blood–brain barrier


The blood–brain barrier exists to maintain the environment of the brain in a steady state, protected from extracellular ion changes, peripheral hormones (such as adrenaline (epinephrine)) and drugs. It also prevents neurotransmitters from the central nervous system entering the peripheral circulation.


Two factors combine to maintain the balance between plasma and CSF:




• The endothelial cells of the cerebral capillaries have very high resistance tight junctions between them. As a result, even small ions will not permeate between endothelial cells in brain capillaries. Brain capillary endothelial cells also lack the methods of transcellular transport which are present in peripheral capillaries (fluid-phase and carrier-mediated endocytosis).


• Astrocytes have foot processes which adhere to the capillary endothelial cells such that they are entirely enclosed. Astrocytic foot processes also secrete factors that help to maintain the tight junctions between endothelial cells.





Small lipid-soluble molecules, such as diamorphine, cross this barrier easily, but hydrophilic molecules rely on specific transporter systems. D-glucose, for example, has a stereospecific membrane transporter that facilitates diffusion from the circulation to the CSF at high rates because the brain relies heavily on glucose for energy. However, in situations where there is a dramatic fall in plasma glucose levels (e.g. in diabetic hypoglycaemic states), glucose may diffuse back out of the CSF into the plasma. This is a medical emergency as the neurons needs glucose to survive.


Other transport systems include those for amino acids – one each for basic (e.g. arginine), neutral (e.g. phenylalanine) and acidic (e.g. glutamate) amino acids. Clinically, the neutral transporter is important as it will transport L-dopa (used to replace dopamine lost from the substantia nigra in Parkinson's disease). However, dopamine cannot be given as a treatment because it does not have a transporter.


In certain regions of the brain (including the posterior pituitary and choroid plexus) the capillaries are fenestrated and so there is no blood–brain barrier. Specialized ependymal cells (tanycytes) isolate these areas from the rest of the brain. The absence of the blood–brain barrier at the posterior pituitary allows oxytocin and vasopressin to be secreted directly into the systemic circulation. At other sites, it enables the brain to analyse the concentrations of water and ions for homeostatic functions.


Abrupt changes in the ionic concentration can be damaging to neurons. The blood–brain barrier not only helps to protect the brain from such changes in plasma levels, but also helps to remove excess ions from the CSF. For example, intense neuronal activity can increase the CSF potassium concentration. A high concentration of K+ channels on endothelial cells clears the excess.


Brain ischaemia, brain tumours, haemorrhage, systemic acidosis or infections such as bacterial meningitis can break down the blood–brain barrier.





Hints and Tips


In cerebral ischaemia the blood–brain barrier opens, resulting in cytotoxic cerebral oedema: paucity of oxygen causes a decline in endothelial cell ATP which secondarily disrupts the function of the NA+/K+ATPase pump. As a result Na+ accumulates in the cell, water follows osmotically and the cell swells. This swelling compromises the integrity of the tight functions, allowing an influx of ions and water into the brain extracellular space.








Hints and Tips


In diabetic ketoacidosis (where plasma glucose concentration becomes excessively high), pH of the plasma may fall below 7, at which point the blood–brain barrier is compromised and neuronal death occurs.












Metabolic requirements of the central nervous system


Mechanisms within the blood–brain barrier provide the substrates for cellular metabolism in the brain via the CSF.


The brain is vulnerable to interruptions in its blood supply because it can store neither oxygen nor glucose, and cannot normally undergo anaerobic metabolism. It has a high metabolic rate due to the energy demand of Na+/K+ ATPase pumps in the neuronal membranes. Brain metabolism accounts for 20% of the body's oxygen and 60% of its glucose requirement. Cranial blood vessels are controlled by autoregulation to maintain a constant blood supply.


Under conditions of starvation for several days, the central nervous system can adapt to use ketones (fat derivatives acetoacetate and hydroxybutyrate) as its main energy source. These compounds normally make up approximately 30% of the fuel for the brain in adults but, after fasting for 40 days, this can rise to 70%.


In infants, the blood–brain barrier transport of glucose is 30% of the adult level, whereas ketone transport is approximately seven times as high. Amino acid transport in children is also higher than in adults, reflecting a higher rate of protein synthesis in the developing brain.





Hints and Tips


Cerebral blood flow (CBF) is determined by the difference in systemic blood pressure (SBP) and intracranial pressure (ICP): CBF = SBP – ICP. Therefore, patients with raised intracranial pressure will be hypertensive.
















2 The development of the nervous system and disorders of development




Objectives


In this chapter you will learn about:




• The embryological development of the brain and spinal cord.


• The development of the brainstem, cranial nerves, forebrain, pituitary gland and choroid plexuses.


• The different types of neural tube defects and their prenatal diagnosis.


• Holoprosencephaly, neuronal migration disorders and other congenital diseases.


• The pre-, peri- and postnatal causes of cerebral palsy.












The development of the nervous system


Development of the nervous system begins at approximately 3 weeks’ gestation. At this point the embryo consists of three layers:




• Endoderm (forms the gastrointestinal tract among other things)


• Mesoderm (forms muscles, connective tissues and blood vessels)


• Ectoderm (forms the entire nervous system and the skin).









Neurulation


At around day 22 of gestation, an area of ectoderm on the dorsal surface of the embryo, called the neural plate, thickens and folds to form the neural groove. The ridges on either side of the groove expand and begin to fuse in the midline approximately halfway along its length (at the level of the fourth somite). Somites are paired blocks of mesoderm, segmentally arranged alongside the neural groove of the embryo. The very tips of these ridges become the neural crest, and the fused neural tube gives rise to the brain and spinal cord. The tube at the cranial (rostral or head-end) neuropore fuses on day 25, and the caudal (or tail-end) neuropore on day 27. The stages of neurulation are shown in Figure 2.1.
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Fig. 2.1 Stages of neurulation. A, Early embryonic disc. B, Progression to formation of brain vesicles and spinal canal. C–E, Transverse sections of neural tube taken at different stages of development.







Hints and Tips


If the cranial neuropore fails to close, the fatal condition of anencephaly results – the embryo continues to develop but the brain does not, and the structures which would normally overlie the brain are prevented from forming. This usually results in spontaneous abortion. Failure of the caudal neuropore to close results in disruption of the lumbar and sacral segments of the cord. Structures that lie superficial to the cord are also involved (e.g. meninges, vertebral arch, paravertebral muscles and skin) because their development relies on closure of the neural tube. Malformation involving the vertebral arch and the cord is called spina bifida.





The neural crest cells give rise to most of the cells in the peripheral nervous system (including the dorsal root ganglia) along with cells of the autonomic ganglia, adrenal medulla and melanocytes in the skin. Dorsal root ganglia send their developing axons into the developing spinal cord and also towards the periphery. The advancing growth cones of these neuronal processes are guided to their appropriate central and peripheral targets by means of diffusible neurotrophic factors and cell adhesion molecules.


By the end of development, the segmental arrangement of the nervous system (as determined by the somites) is retained only in the spinal cord.









Embryology of the spinal cord


The neural tube contains neuroblast cells. Its hollow centre becomes the spinal canal. Neuroblasts adjacent to the canal divide and travel to the outer mantle layer, ultimately forming the neurons of the grey matter of the spinal cord. These neuroblasts/neurons project nerve fibres that grow outwards into the marginal zone, ultimately forming the white matter of the spinal cord.


The neuroblasts in the primitive grey matter form two discrete populations – a dorsal alar plate and a ventral basal plate separated by a shallow groove (sulcus limitans):




• The alar plate cells form the sensory cells of the posterior (dorsal) horn.


• The basal plate cells form the motor cells of the anterior (ventral) horn along with sympathetic (in the thoracic region) and parasympathetic (in the lumbar and sacral regions) preganglionic neurons.





Figure 2.2 shows the formation and development of the alar and basal plates.
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Fig. 2.2 Cross-sections through the developing spinal cord, showing development of alar and basal plates and the primitive beginnings of inflow and outflow tracts.




The mesenchymal tissue around the neural tube forms the coverings of the brain and spinal cord.


In the first 8 weeks of gestation, the spinal cord is the same length as the vertebral column. After 8 weeks the vertebral column grows at a faster rate. By 40 weeks of gestation (term), the spinal cord stops at the level of L3 and, in adults, it ends at L1. The spinal nerve roots below this level descend within the vertebral canal until they reach the appropriate exit foramen. The pia mater remains attached to the coccyx and, therefore, elongates with respect to the spinal cord. The strand of pia mater between the coccyx and the lower end of the spinal cord is known as the filum terminale, and collectively with the individual nerve roots below L1, as the cauda equina (literally ‘horse's tail’).









Lumbar puncture


The spinal cord ends at the level of L1 in adults. Therefore, below this level the spinal canal does not contain the spinal cord. Consequently, a needle can be inserted safely between the L3/L4 vertebrae into the subarachnoid space in order to remove cerebrospinal fluid (CSF) for diagnostic purposes.















Cauda equina syndrome


A prolapsed intervertebral disc or fracture can cause compression of the cauda equina. The symptoms of this include pain in the nerve distribution of the root affected, saddle anaesthesia (around the anus) and disturbance of bladder/bowel function. It is a neurosurgical emergency and the pressure must be relieved to preserve the function of the nerves.















Embryology of the brain






General arrangement


The neural groove rostral to the fourth pair of somites enlarges before it fuses to form three primary brain vesicles or swellings:




• The first brain vesicle becomes the prosencephalon or forebrain.


• The second becomes the mesencephalon or midbrain.


• The third becomes the rhombencephalon or hindbrain.





Figure 2.3 shows the fate of these vesicles. Before the 5th week of gestation, the first and third vesicles divide in two:




• The forebrain vesicle forms the telencephalon and diencephalon.


• The hindbrain vesicle forms the metencephalon and myelencephalon (or medulla).
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Fig. 2.3 Development of the brain from the three-vesicle stage to adult areas.




The central canal of the neural tube enlarges to form:




• Lateral ventricles in the primitive cerebral hemispheres


• Third ventricle in the diencephalon


• Cerebral aqueduct (of Sylvius) in the midbrain


• Fourth ventricle in the hindbrain.





The neural tube bends to form:




• The cervical flexure (between the primitive spinal cord and the third vesicle)


• The cephalic flexure (between the first and second vesicles).












Development of the brainstem


The brainstem has the same basic structure as the spinal cord, except that it has to accommodate the large motor and sensory tracts that run between the spinal cord and the brain.






The medulla


Initially, the myelencephalon or medulla is organized like the primitive spinal cord with alar and basal plates. As it flattens out further up, forming the floor of the fourth ventricle, the alar plates (sensory cell groups) move outwards until they lie lateral to the basal plates (motor cell groups). Other cells from the alar plate migrate ventrolaterally to form the olivary nuclei. This process is shown in Figure 2.4.
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Fig. 2.4 Development of the medulla, with grouping of sensory and motor nuclei.




The cells of the alar and basal plates are arranged in columns according to whether they innervate somatic (body wall) or visceral (internal organ) structures:




• The basal plate forms the motor nuclei for cranial nerves IX, X, XI, XII.


• The alar plate forms sensory nuclei for cranial nerves V, VIII, IX, X along with the gracile and cuneate nuclei (receiving inputs from the spinal cord).












Pons and cerebellum


The pons is formed by the anterior part of the metencephalon and part of the alar plate of the medulla. It contains a thick band of fibres (important in motor processing) which connect the forebrain with the cerebellum. The neurons of the ventromedial alar plate at this level form:




• The main sensory nucleus of V


• A sensory nucleus of VII


• Vestibular and cochlear nuclei of VIII


• Pontine nuclei.





The neurons of the basal plate form the motor nuclei of V, VI and VII.


The cerebellum develops from the most posterior parts of the alar plates, above the level of the medulla. Cerebellar growths project over the top of the fourth ventricle and fuse in the midline, with migrating cells from the alar plates becoming the cerebellar cortex.












Development of the midbrain


The midbrain retains the basic alar/basal plate structure. The neural canal narrows to form the aqueduct of the midbrain (also known as the aqueduct of Sylvius) as shown in Figure 2.5:




• The cells of the basal plate form the pure motor nuclei of the third and fourth cranial nerves, and possibly the red nucleus, substantia nigra and reticular formation (involved in motor processing).


• The cells of the alar plates become the sensory neurons of the superior and inferior colliculi (involved in visual and auditory reflexes, respectively).
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Fig. 2.5 Development of the midbrain, showing proximity to substantia nigra (basal ganglia).











Development of the forebrain


The forebrain situated rostral to the optic vesicles becomes the telencephalon and contains:




• Cerebral cortex


• Commissures – made up of cortico-cortical connections


• Basal ganglia – which develop as swellings that protrude into the cavity of the lateral ventricles, along with the developing hippocampus.





The telencephalon (hemispheres) expands much more than the other parts of the brain and ultimately covers the diencephalon and midbrain. The two swellings meet in the midline, trapping a small amount of mesenchymal tissue which forms the falx cerebri. Similarly, the occipital lobes of the hemispheres are separated from the cerebellum by mesenchyme (which becomes the tentorium cerebelli).


Grooves gradually appear on the smooth surface of the hemispheres and become the sulci. The gyri thus formed allow a much greater volume of cortex (folded up) to be packed into the cranium. The cortex that covers part of the corpus striatum (lentiform nucleus) is called the insula. It remains fixed while the temporal, parietal and frontal lobes grow rapidly to bury it within the lateral sulcus. This process is shown in Figure 2.6.
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Fig. 2.6 Growth of the cerebral cortex over the insula and the development of gyri.




The rest of the forebrain becomes the diencephalon (Fig. 2.7) and consists of:




• Hypothalamus (most rostral/ventral)


• Posterior pituitary gland and its stalk (the infundibulum)


• Thalamus


• Epithalamus (most caudal/dorsal).
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Fig. 2.7 Development of the diencephalon, showing cervical and cranial flexures.








Pituitary gland


The pituitary gland is composed of two parts:




• A posterior (neural) part that develops from a downward growth (the infundibulum) from the floor of the hypothalamus.


• An anterior (glandular) part that develops as an inward growth (Rathke's pouch) from the oral cavity towards the brain. It passes through the developing sphenoid bone to reach the downgrowth from the hypothalamus.















Development of the cranial nerves


There are three developmentally distinct groups of cranial nerves:




• Somatic efferents. These innervate muscles that develop from the parts of the rostral somites which become the head myotomes. This group includes cranial nerves III, IV, VI to the ocular muscles, and XII to the tongue muscles.


• Pharyngeal arch (branchial) nerves. These supply motor and sensory innervation to the embryological pharyngeal arches that formed the primitive oral cavity and pharynx. This group includes cranial nerves V (from the first arch), VII (second arch), IX (third arch) and X (fused fourth and sixth arches with the cranial branch of XI, the accessory nerve). The relationship of these nerves is shown in Figure 2.8.


• Special sensory nerves. These afferent nerves relay information from special sense receptors to the appropriate central pathway. This group includes cranial nerves I (olfaction), II (vision) and VIII (hearing and balance).
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Fig. 2.8 Pharyngeal arch nerves in the embryo and adult.











Development of the choroid plexi


The cerebrospinal fluid producing choroid plexus is formed from two layers (the pia mater and the ependymal lining of the cavities of the ventricles) which together are called the tela choroidea. This surrounds a core of vascular connective tissue. The tela choroidea push into the ventricles and develop into the choroid plexi.
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