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Chapter 5
Symptoms and Signs of Brain Tumors

Tumors arising in the brain continue to grow, producing two major groups of symptoms and signs:

1. General symptoms. These result from raised intracranial pressure. The three principal symptoms (the symptom triad) are headache, vomiting, and blurred vision due to papilledema (choked disc). As the tumor enlarges, other manifestations appear: personality change, a reduced level of consciousness, double vision (diplopia) or strabismus due to abducens nerve palsy, enlargement of the head in young children, dizziness, generalized epilepsy, and the Cushing reflex. These manifestations have been discussed in detail in the chapter on raised intracranial pressure. They are not, in fact, specific to brain tumors; they are manifestations of raised intracranial pressure, which may have many other causes, including an intracerebral hematoma, brain abscess, and cerebral edema.

2. Focal symptoms. These reflect loss of the specific functions of the part of the brain destroyed or compressed by the tumor. Focal manifestations are important diagnostic clues because they indicate the location of the tumor. Physicians should therefore understand the anatomy and function of each part of the brain in order to recognize abnormalities. In general, patients do not present with purely focal symptoms; their symptoms often also reflect impaired function in the brain surrounding the tumor. Because a brain tumor continues to enlarge, it compresses adjacent brain tissue, progressively impairing its function. Thus,  a history of progressively increasing loss of brain function is important in diagnosing a brain tumor. Careful history-taking can identify the first focal functional deficit.

In addition to manifestations of brain destruction, a brain tumor may produce manifestations of cerebral irritation in the form of various types of seizures. A focal seizure can be just as important as a deficit caused by brain destruction, because it helps locate the tumor, as discussed in detail below.

Focal Symptoms and Signs of Brain Tumors

The brain is divided into regions, each with specific functions and connections to other regions. A tumor causes loss of brain function, but this loss may not be conspicuous because of several modifying factors, including the patient’s age, whether the tumor is benign or malignant, the rate of tumor development, and the occurrence of herniation. Frequently, no focal manifestations are evident; the patient has only symptoms of raised intracranial pressure, and the tumor can be localized only by radiological investigation.
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FRONTAL LOBE

The frontal lobe is the largest part of the brain. It lies anterior to the central sulcus (of Rolando), which separates it from the parietal lobe. Laterally, the frontal lobe is separated from the temporal lobe by the lateral or Sylvian fissure. This fissure begins at the temporal pole and runs posteriorly and slightly upward. The cortex forming the fissure is called the operculum and comprises parts of the frontal, parietal, and temporal lobes. Large sulci divide the frontal lobe into four gyri. On the lateral surface of its anterior portion are the superior, middle, and inferior frontal convolutions, separated by the superior and inferior horizontal sulci (Figure 5.1). The inferior frontal gyrus is further divided into orbital, triangular, and opercular parts. The gyrus immediately anterior to the central sulcus is the precentral gyrus, which forms the motor cortex; this also includes the part of the paracentral lobule anterior to the central sulcus on the medial surface of the hemisphere. Anterior to the motor cortex is the premotor sulcus. The cortex anterior to this sulcus and posterior to the superior, middle, and inferior frontal convolutions is the premotor area, corresponding to Brodmann area 6, also called the extrapyramidal cortex. The premotor area helps control the muscles on the opposite side of the body and has a distribution of centers similar to that of the motor area.(1) The posterior portion of the middle frontal convolution contains the frontal eye field, which controls movement of both eyes in the same direction (conjugate gaze). The posterior portion of the inferior frontal convolution, corresponding to  its opercular and triangular parts in the dominant hemisphere, is the motor speech area or Broca’s area and is concerned with speech. The frontal lobe anterior to the premotor and motor speech areas is the frontal association or prefrontal area. It is concerned with higher intellectual function and is particularly well developed in humans. On the basal or orbital surface, the olfactory sulcus divides the frontal lobe into the rectus gyrus medially and the orbital gyrus lateral to the sulcus.

[image: Figure 5.1. The left cerebral hemisphere and the locations of its various functional centers. Loss of function in these centers indicates the location of a lesion.]Color added while retaining the original linework and letteringFigure 5.1. The left cerebral hemisphere and the locations of its various functional centers. Loss of function in these centers indicates the location of a lesion.
The functional deficits associated with the individual regions of the frontal lobe are discussed separately below.

The motor area produces voluntary movement on the opposite side of the body. It is divided into centers, each controlling the muscles of a particular body part. The center for the larynx and throat lies lowest, adjacent to the Sylvian fissure. Successively higher are the centers for the jaw, tongue, face, eyes, fingers, hand, arm, shoulder, trunk, hip, and leg. The leg area lies medially in the motor area (Figure 5.2). The shoulder center is near the vertex. This anatomy explains shoulder weakness following surgery for a parasagittal meningioma in this part of the motor cortex. The cortical representations of the tongue, face, and fingers are particularly large because these structures perform extensive and complex movements. Fibers from the motor area form the corticobulbar and corticospinal tracts, descending through the corona radiata, the genu and anterior two-thirds of the posterior limb of the internal capsule, and the cerebral peduncle. The corticobulbar tract terminates in nuclei in the pons and medulla. The corticospinal tract continues toward the spinal cord and decussates in the lower medulla: approximately 70–90% of its fibers cross to the opposite side and descend as the lateral corticospinal tract, ending on anterior horn cells in the spinal cord.(2) The remaining minority descend without crossing as the ventral corticospinal tract.

[image: Figure 5.2. The motor cortex. A tumor in the cortex or subcortex (1) causes monoplegia. A small tumor in the internal capsule (2) causes hemiplegia.]Color added while retaining the original linework and letteringFigure 5.2. The motor cortex. A tumor in the cortex or subcortex (1) causes monoplegia. A small tumor in the internal capsule (2) causes hemiplegia.
The symptoms and signs of frontal lobe tumors are as follows:

1) MONOPLEGIA, HEMIPLEGIA

Tumors in the motor area often bring patients to medical attention relatively early because they cause weakness of a body part or seizures. A tumor on the surface or in the subcortex causes a focal deficit in the compressed region, described as monoplegia (Figure 5.2). Compression of the arm and hand area causes weakness of the opposite arm and hand; a tumor in the medial motor area causes weakness of the opposite leg. Tumors in these locations do not usually cause hemiplegia. A tumor of the falx in the region of the paracentral lobules, such as a falx meningioma, causes weakness of both legs (Figure 5.3). One leg is usually weaker than the other, and the foot is weaker than the proximal thigh. Some patients also have difficulty passing urine because the micturition center is compressed. These manifestations must be distinguished from those of a spinal cord lesion. The distinction is not difficult: a parasagittal brain tumor causes raised intracranial pressure and seizures, without a sensory level. A spinal cord lesion causes neither raised intracranial pressure nor seizures, but produces a level of sensory loss and motor dysfunction.

[image: Figure 5.3. A tumor of the falx cerebri at the medial motor cortex compresses the motor fibers to the legs, producing paraparesis.]Color added while retaining the original linework and letteringFigure 5.3. A tumor of the falx cerebri at the medial motor cortex compresses the motor fibers to the legs, producing paraparesis.
A unilateral lesion in the motor representation of the larynx, throat, palate, upper face, diaphragm, anus, or bladder seldom produces an obvious deficit, because these structures receive bilateral innervation.

A tumor in the lower frontal lobe of the dominant hemisphere, at the facial muscle center and Broca’s area, causes difficulty speaking (dysphasia) or inability to speak (aphasia), together with facial weakness. In right-handed people this speech center is in the left hemisphere; in left-handed people it is in the right hemisphere. If a tumor in this region causes seizures, the patient cannot speak during the seizure and for a time afterward.

A tumor in the deep white matter, where the corticospinal fibers converge, causes hemiplegia (Figure 5.2), even if it is small.

The history is one of gradually developing weakness that progressively spreads to other parts of the body. This is a very important history in diagnosing a brain tumor.

2. Seizures (epilepsy, convulsion, seizure, fit)

Seizures are important, particularly when they first occur in an adult who has never previously had one. Focal seizures and marching seizures (Jacksonian epilepsy or marching epilepsy) are especially significant because they provide clues to the cause and location of the lesion. Tumors in the motor and premotor areas cause seizures more frequently than tumors elsewhere. A focal seizure begins in the body part corresponding to the tumor’s location. It is clonic, with rhythmic jerking that may stop or continue for a prolonged period. In some patients, the jerking spreads to other parts of the same side of the body; this is called marching or Jacksonian epilepsy. For example, jerking may begin in the hand and spread to the arm, mouth, and eyelid. If the tumor is in the dominant hemisphere, the patient becomes unable to speak. The seizure then stops. Consciousness is retained in such cases, but the body parts that jerked remain temporarily weak afterward. This is Todd’s paralysis, attributed to temporary exhaustion of the neurons responsible for the seizure. Within a few hours, the weakness resolves and function returns to its pre-seizure state. The body part in which jerking began regains strength last. In this example, the hand, arm, and face are weak after the seizure, with the hand showing the greatest and longest-lasting weakness. A history identifying the site of onset of the jerking and the distribution of Todd’s paralysis therefore helps localize the tumor.

In some cases, a seizure involves an entire side of the body before spreading to the opposite side. At that stage the patient loses consciousness, and the seizure is called a generalized or grand mal seizure. It takes the form of a clonic-tonic convulsion, which stops after a time. The patient commonly sleeps for a while before awakening.

Jacksonian epilepsy may affect a single body part continuously without loss of consciousness; this is called “epilepsia partialis continua.” In some cases, there are pauses between attacks or many dozens of attacks a day, termed serial Jacksonian epilepsy. Recurrent attacks without recovery of consciousness between them are called Jacksonian status epilepticus.

3) FRONTAL ATAXIA

The premotor and motor areas of the frontal lobe are connected to other brain regions, particularly the pons and cerebellum. Frontopontine fibers arise from the middle frontal convolution anterior to areas 6 and 8 and form an important part of the corticopontocerebellar tract.(1) Impulses descend from the cortex to the pons; after synapsing there, they pass through the middle cerebellar peduncle (brachium pontis) to the opposite cerebellar hemisphere. Destruction of these fibers by a frontal lobe tumor causes frontal ataxia. It may be difficult to distinguish this from cerebellar ataxia. The guiding distinction is that destruction of the frontal cortex or frontopontine fibers causes contralateral ataxia without dysmetria, whereas destruction of a cerebellar hemisphere causes ipsilateral ataxia with dysmetria, usually accompanied by nystagmus.

4) ABNORMAL CONJUGATE GAZE

The frontal eye field (Brodmann area 8), in the posterior middle frontal gyrus anterior to the premotor area, controls voluntary movement of both eyes together in the same direction (conjugate gaze). Stimulation produces conjugate deviation of both eyes to the opposite side and may also turn the head and trunk in the same direction. Eye movements elicited by visual stimulation require impulses to pass from area 17 in the occipital lobe through the inferior occipitofrontal fasciculus to the frontal eye field (Figure 5.40). Destruction of this center causes paresis of conjugate gaze toward the opposite side, so both eyes look toward the side of the lesion.(6) This is temporary in a conscious person because  adaptation can occur; in an unconscious person the deviation persists.

In general, frontal lobe tumors in this region do not cause gaze palsy, conjugate ocular deviation, or nystagmus. If the tumor causes an adversive seizure, however, the attack begins with the eyes and face turning toward the side of the convulsing limbs. Thus, deviation of the eyes and face to the left while the left arm and leg are convulsing indicates an irritative lesion in the right frontal eye field and motor areas.

5) PERSONALITY CHANGE

The prefrontal or frontal association area is the part of the frontal lobe anterior to the premotor area and motor speech center, including its orbital surface. It is connected to the visual, auditory, and other sensory centers through association fibers and also sends fibers to the thalamus and hypothalamus. The prefrontal area is highly developed in humans and is responsible for higher intellectual functions, including memory, judgment, reasoning, emotional restraint, mental activity, and personality. Tumors here therefore cause changes in personality and thinking.(3,4) Generally, they cause no clearly recognizable focal symptoms until very large, because neither patients nor their families notice the early changes. Patients may complain of deteriorating memory, difficulty concentrating on work, progressively poorer work performance, neglect of their usual duties, and impaired thinking. These changes gradually progress to dementia. Later personality changes include loss of initiative, lack of interest, untidiness, and neglect of habitual personal hygiene such as brushing the teeth, shaving, and bathing. Some patients use coarse language or become irritable; they eat slowly and messily. In later stages they pass urine and stool without awareness, in inappropriate places and without embarrassment, and may sometimes handle their feces. They become lethargic, expressionless, and unresponsive to stimulation.

Intrinsic frontal lobe tumors, such as gliomas and metastases, cause these manifestations earlier and more severely than extracerebral tumors such as meningiomas. With benign gliomas, such as  astrocytoma or oligodendroglioma, symptoms develop more slowly and are less severe than with glioblastoma multiforme, which grows rapidly and destroys fibers. Meningiomas grow from outside the brain and compress it before destroying it, so symptoms develop slowly and gradually.

A common orbital-surface tumor is the olfactory groove meningioma. It causes loss of smell (anosmia) by compressing and damaging the olfactory bulb or tract. Depending on tumor size, anosmia may be unilateral or bilateral. Gliomas at the base of the frontal lobe may likewise abolish smell by destroying the olfactory pathway. A large olfactory groove meningioma may also cause personality change, although this is usually not marked. Posterior growth may compress the ipsilateral optic nerve, causing primary optic atrophy. Funduscopic examination shows a distinctly pale optic disc and narrowed vessels. The opposite disc shows papilledema because the large tumor raises intracranial pressure. This combination is called Foster-Kennedy syndrome.

6) TREMOR

Tremor may occur with a large, deep frontal lobe tumor. It may be contralateral or bilateral. It resembles the tremor of parkinsonism but is less severe and lacks the pill-rolling movement seen in parkinsonism. There is no satisfactory explanation for this tremor resembling extrapyramidal motor dysfunction.

7) GRASPING AND GROPING REFLEXES

A grasping reflex on examination is an important finding, regarded as a pathognomonic sign of a frontal lobe lesion. It occurs in the hand opposite the lesion and may also occur in the foot if the tumor is in the superior frontal lobe.(7)

The grasping reflex is flexion of the fingers and thumb in response to an object stimulating the palmar surfaces of the fingers, particularly between the index finger and thumb. The patient grasps the object and does not release it; attempts to pull it away make the grip tighter. In some patients, with both eyes closed, a light touch to the palm or fingers produces grasping and searching or fumbling movements, called the groping reflex. Grasping and groping are infantile reflexes. A frontal lobe lesion causes a return to this infantile pattern, allowing a grasping reflex to appear on the opposite side. A unilateral grasping and groping reflex in a conscious patient is therefore a valuable localizing sign. It is much less significant in a patient with impaired consciousness or when present bilaterally. If the tumor causes progressively increasing hemiparesis, the grasping reflex disappears once complete hemiplegia develops.
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PARIETAL LOBE

The parietal lobe lies posterior to the central sulcus (Rolandic fissure), superior to the temporal lobe or Sylvian fissure, and anterior to the occipital lobe. Anteriorly, the postcentral sulcus runs parallel to the central sulcus, separating the postcentral gyrus from the remainder of the parietal lobe. In the middle of the lobe, a transverse sulcus runs from the postcentral sulcus to the transverse occipital sulcus, dividing the posterior parietal lobe into superior and inferior parietal lobules. These include the supramarginal gyrus, which curves around the end of the Sylvian fissure, and the angular gyrus, which curves around the end of the superior temporal sulcus. In the dominant hemisphere, the supramarginal and angular gyri serve as the sensory or perceptive speech center, also called Wernicke’s center (Figure 5.1).

The postcentral gyrus is concerned with somatosensation. Most of its fibers come from the lateral nuclei of the thalamus, which relay impulses  from the spinothalamic tract, medial lemniscus, and secondary trigeminal tract. Fibers from the thalamus pass through one-third of the posterior limb of the internal capsule to the postcentral gyrus. Sensations from different body parts are represented in the postcentral gyrus in an arrangement similar to that of the motor area (Figure 5.2). The superior and inferior parietal lobules constitute the psychosensory area, concerned with the perception and interpretation of sensation, or sensory association area. They connect to the postcentral gyrus through association pathways and also receive fibers from the lateral dorsal and posterior thalamic nuclei. The precise functions of the individual subdivisions of this part of the parietal lobe are not clearly known.

The parietal lobe receives and interprets sensations from the thalamus, particularly touch, pressure, and position sensation.

Focal Symptoms and Signs of Parietal Lobe Tumors

A tumor that destroys the postcentral gyrus causes loss of several somatosensory or cortical sensory functions, including touch, pressure, and position sensation on the opposite side of the body, while pain sensation is retained. Joint position sense, vibration sense, tactile localization, light touch, two-point discrimination, and stereognosis are impaired.(8) Common sensory deficits include the following:

1. ASTEREOGNOSIS

Astereognosis, or tactile agnosia, is the most common cortical sensory deficit. It occurs opposite the tumor. The patient cannot identify a familiar, frequently used object by touch. For example, with the eyes closed, a key placed in the affected hand cannot be recognized as a key, even though tactile and pressure-touch perception remain intact, because the patient does not recognize the object’s size, weight, shape, and composition.

2. IMPAIRED TWO-POINT DISCRIMINATION

The patient cannot distinguish  two simultaneous stimuli. This indicates combined impairment of touch and pressure sensation and occurs on the side opposite the lesion.

3. SENSORY INATTENTION

This is another important finding in a patient with a tumor or other parietal lobe lesion. When corresponding sites on both sides are stimulated simultaneously, the patient does not perceive the stimulus opposite the lesion. For example, a patient with right-sided sensory inattention does not perceive right-palm stimulation when both palms are stimulated together, but perceives stimulation on either side when they are tested separately.

4. SENSORY EPILEPSY

The attack begins with a sensation that is difficult to describe and may take various forms, such as numbness, tingling, an electric-shock-like sensation, or paresthesia. It begins in one body part and spreads to others, a pattern called a sensory Jacksonian fit. For example, numbness may begin in the right hand and subsequently involve the arm and right side of the face. Sensory epilepsy may remain localized and then cease, or spread to the motor area and produce jerking. The motor seizure may be focal or generalized, with loss of consciousness (generalized convulsion). The sensory symptoms may sometimes be interpreted as the aura of motor epilepsy. As with motor epilepsy, the site of onset of sensory symptoms helps locate the tumor in the postcentral gyrus. Deep parietal lobe tumors seldom cause seizures.

5. PSEUDO-ATHETOSIS

A tumor or other lesion in the postcentral gyrus causes hypotonia and wasting of the muscles of the affected body part, with ataxia both at rest and during movement. Involuntary limb movements may occur at rest, termed pseudo-athetosis. Ataxia is evident on finger-nose testing and is called sensory ataxia.(7)

6. CONTRALATERAL HOMONYMOUS INFERIOR QUADRANTANOPIA

This occurs when a large posterior parietal tumor extends deeply into the white matter near the lateral wall of the lateral ventricle, compressing or destroying the upper optic radiation and producing this pattern of visual field loss (Figure 5.4). Here the optic radiation passes upward near the posterior limb of the internal capsule; its fibers then spread along the lateral aspect of the lateral ventricle at the beginning of the occipital horn and terminate at the calcarine fissure of the occipital lobe. A visual field defect is an important sign that requires careful examination to detect.

[image: Figure 5.4. A parietal lobe tumor destroys the upper optic radiation, producing inferior homonymous quadrantanopia.]Color added while retaining the original linework and letteringFigure 5.4. A parietal lobe tumor destroys the upper optic radiation, producing inferior homonymous quadrantanopia.
7. GERSTMANN’S SYNDROME

A tumor or other lesion in the posterior parietal lobe, at the angular gyrus of the dominant hemisphere, produces finger agnosia (inability to identify the fingers), dysgraphia (inability to write), dyscalculia (inability to calculate), and right-left disorientation.(6,8) Of these manifestations, finger agnosia is the most important.

8. SENSORY APHASIA OR DYSPHASIA

This results from a tumor in the posteroinferior parietal lobe corresponding to Wernicke’s  center in the dominant hemisphere. The patient has impaired comprehension of spoken language (dysphasia), written language (dysgraphia), and meaning, as well as impaired reading (dyslexia) and calculation (dyscalculia). As the tumor enlarges, the deficits become more severe, producing global dysphasia: speech becomes meaningless and incomprehensible, and verbal communication is impossible.

9. AGNOSIA AND APRAXIA

These occur with tumors in the posterior parietal lobe near the temporal and occipital lobes. Agnosia is the inability to understand the meaning of, or recognize, objects presented visually or by touch because of a receptive defect. Apraxia is the inability to perform a desired action, such as unfastening a pin, despite understanding the task and having no motor paralysis, sensory loss, or ataxia of the arm or hand.
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OCCIPITAL LOBE

The occipital lobe is the most posterior part of the cerebral hemisphere, lying behind the parieto-occipital fissure. Anteriorly it adjoins the parietal and temporal lobes. On its medial surface, the calcarine fissure runs from front to back. The portion above the fissure is the cuneus, and that below it is the lingual gyrus. The optic radiation from the lateral geniculate body terminates in the primary visual cortex (the striate area or Brodmann area 17) (Figure 5.5), which lies on both sides of the calcarine fissure and extends onto the lateral aspect of the occipital pole. Fibers carrying impulses from each half-retina divide into two groups: those from its lower half terminate below the calcarine fissure, and those from its upper half terminate above it. Macular fibers terminate in the most posterior part of the calcarine fissure bilaterally (bilateral representation), accounting clinically for macular sparing with a unilateral lesion. A distinctive feature of the visual cortex on a transverse section through the occipital lobe is a white band of fibers, the stripe of Gennari, comprising optic radiation fibers and secondary  association fibers.(9) The visual cortex is concerned only with the reception of visual information, not its interpretation.

[image: Figure 5.5. The calcarine fissure, visual cortex (area 17), and visual association areas (18 and 19).A. Medial view of the right cerebral hemisphere.B. Lateral view of the left cerebral hemisphere.]Color added while retaining the original linework and letteringFigure 5.5. The calcarine fissure, visual cortex (area 17), and visual association areas (18 and 19).
A. Medial view of the right cerebral hemisphere.
B. Lateral view of the left cerebral hemisphere.
Beyond the visual cortex lie the visual association areas (Brodmann areas 18 and 19) (Figure 5.5). Area 18 connects with areas 17 and 19 and interprets impulses received from area 17. Its important function is to recognize and distinguish the objects seen. Area 18 also exchanges fibers with the prefrontal, sensory, motor, and auditory association areas. Of particular importance are fibers forming the superior longitudinal and inferior fronto-occipital bundles to the frontal lobe, providing the pathway for voluntary conjugate eye deviation in response to visual stimulation (Figure 5.40). Area 18 also sends internal corticotectal or corticomesencephalic fibers to the superior colliculi, providing a pathway for vertical eye movements.(9) Area 19, the peristriate area, extends from area 18 to the boundary of the occipital lobe and connects with areas 17 and 18 and other cortical regions. It serves as the visual psychic area, with complex functions involving visual recognition and perception. Together with area 18, it is also a cortical center for eye movements and the optic fixation reflex in response to vision.

Focal Symptoms and Signs of Occipital Lobe Tumors

Tumors are uncommon in the occipital lobe. It is considered a silent area because symptoms usually do not appear early, but only after the tumor has become very large. The large size produces raised intracranial pressure, with headache, papilledema, and vomiting; papilledema is common. Focal manifestations may result either from destruction or from irritation (epilepsy), as follows:

1. CONTRALATERAL HOMONYMOUS HEMIANOPIA

The patient cannot see the same half of the visual field of each eye (Figure 5.6) because of  destruction of the optic radiation or the region of the calcarine fissure. Homonymous hemianopia may be complete or incomplete, depending on the tumor’s position and size. Compression of the upper or lower part of the calcarine fissure produces homonymous inferior or superior quadrantanopia, respectively. Such tumors are small and are often falx meningiomas compressing the calcarine fissure. Intrinsic tumors, such as an occipital glioblastoma, usually cause complete homonymous hemianopia because they destroy the entire optic radiation as it approaches the calcarine fissure. A tumor at the occipital pole destroys fibers from the retinal macula, producing a hemianopic scotoma.

[image: Figure 5.6. Visual field loss resulting from lesions at different sites along the visual pathway.]Color added while retaining the original linework and letteringFigure 5.6. Visual field loss resulting from lesions at different sites along the visual pathway.[image: Visual field diagrams, patterns 1–9]	Optic nerve = ipsilateral amaurosis
	Chiasm = bitemporal hemianopsia
	Optic nerve-chiasm junction = ipsilateral amaurosis and contralateral temporal hemianopsia
	Optic tract = contralateral incongruous homonymous hemianopsia
	Anterior (Meyer’s) loop of the optic radiation in the temporal lobe = incongruous contralateral homonymous superior quadrantanopsia
	Optic radiation in the parietal lobe = incongruous contralateral homonymous inferior quadrantanopsia
	Optic radiation in the anterior occipital lobe = contralateral homonymous hemianopsia
	Occipital pole = contralateral congruous homonymous hemianoptic central scotoma
	Occipital horn. intraventricular tumor extending into the ventricular wall = contralateral homonymous hemianopsia


Homonymous hemianopia is an important manifestation of an occipital lobe tumor, but some patients are unaware that vision on one side is lost. Others give a suggestive history, such as repeatedly walking into a door frame. One of the author’s patients reported grazing a three-wheeled vehicle while cycling three times in four months, always on the patient’s right side. When reading, some patients see only half a word or sentence; when writing, they continue to the far right edge of the page, a manifestation of right hemianopia.

2. CORTICAL BLINDNESS

This is blindness caused by a tumor destroying both occipital lobes at the calcarine fissures. It may occur with a large falx meningioma extending to both sides and compressing the calcarine fissures. Cortical blindness is complete bilateral blindness with preserved pupillary light responses.(10) Convergence when viewing a near object and ocular movements remain normal.

3. SEIZURES

Seizures from an occipital lobe tumor take the form of unformed visual experiences or sudden visual hallucinations, such as flashing lights. These differ from hallucinations due to temporal  lobe tumors, which are formed images. Visual hallucinations may be accompanied by eye deviation to the opposite side and are an important localizing manifestation of an occipital lobe tumor.

4. VISUAL AGNOSIA, ALEXIA, AGRAPHIA

A large occipital lobe tumor extending into the peristriate area (area 19) or the parietotemporal region of the dominant hemisphere causes alexia (word blindness), or visual receptive aphasia. Despite intact vision, the patient cannot understand the meaning or significance of written words. Some degree of agraphia, the inability to express thoughts in writing, is also usually present.(12) These manifestations also occur with parietal or temporal lobe tumors, so they alone cannot readily distinguish an occipital tumor from a parietotemporal tumor.
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TEMPORAL LOBE

The temporal lobe lies below the Sylvian fissure and rests in the middle cranial fossa. Laterally, the superior, middle, and inferior sulci divide it into the superior, middle, and inferior gyri, respectively. The inferior temporal gyrus lies on the undersurface and is therefore not visible. The superior temporal gyrus forms the operculum of the insula (island of Reil). On the upper surface of its posterior portion is the transverse or Heschl’s gyrus, which serves as the auditory receptive center(15) (Figure 5.1). This center receives the auditory radiation from the medial geniculate body and auditory fibers from both sides (bilateral representation) (Figure 5.7). Destruction of the center on one side therefore does not cause deafness, but impairs sound localization. Bilateral destruction causes deafness. This center connects with other cerebral centers concerned with speech, memory, eye movements, body movements, and so forth. For example, a loud sound causes the eyes and face to turn toward its source.

[image: Figure 5.7. The auditory pathway.]Color added while retaining the original linework and letteringFigure 5.7. The auditory pathway.
The posterior third of the superior temporal gyrus in the dominant hemisphere is Wernicke’s area (the perceptive speech center) (Figure 5.1). It is concerned with perceiving speech, recognizing words, and understanding and interpreting spoken language. The posterior portions of the middle and inferior temporal convolutions connect with the opposite cerebellum through the temporopontocerebellar pathway. Destruction of this region or pathway produces contralateral ataxia.

The optic radiation passes through the temporal lobe to the occipital lobe (Figures 5.4 and 5.6). On leaving the lateral geniculate body, its fibers run closely together behind the sensory fibers of the internal capsule, forming the optic peduncle, before spreading out. Fibers from the upper retinal quadrant pass upward into  the white matter of the parieto-occipital lobe and terminate above the calcarine fissure. Fibers from the lower retinal quadrant pass downward into the temporal lobe and loop anteriorly around the temporal horn of the lateral ventricle, forming Meyer’s temporal loop. They then run posteriorly along the lateral side of the temporal horn, pass the occipital horn, and terminate below the calcarine fissure (Figure 5.8). Destruction of the optic radiation in the temporal lobe produces contralateral homonymous superior quadrantanopia. Irritation produces visual hallucinations with more clearly formed images than those arising from the occipital lobe.

[image: Figure 5.8. The optic radiation terminates in the visual cortex. Fibers from the upper retinal quadrant end above the calcarine fissure, and fibers from the lower retinal quadrant end below it.]Color added while retaining the original linework and letteringFigure 5.8. The optic radiation terminates in the visual cortex. Fibers from the upper retinal quadrant end above the calcarine fissure, and fibers from the lower retinal quadrant end below it.
Inferomedially, the temporal lobe contains the parahippocampal gyrus, uncus, and amygdala, which projects into the anterior temporal horn. These structures are concerned with learning, recent memory, smell, taste, emotion, and sexual feeling.

Focal Symptoms and Signs of Temporal Lobe Tumors

Patients with temporal lobe tumors usually present when the tumor is large because changes in this region produce few conspicuous signs, particularly in the anterior temporal lobe and the nondominant hemisphere. A tumor in the dominant hemisphere may lead to earlier consultation because speech disturbance often appears first. The focal manifestations are as follows:

1. VISUAL FIELD DEFECT

This is an important manifestation of a temporal lobe tumor. As noted above, fibers from the lower retina loop around the temporal horn as Meyer’s loop. An anterior temporal lobe tumor therefore damages this loop, producing homonymous superior quadrantanopia, a characteristic visual sign of a temporal lobe tumor. As the tumor enlarges posteriorly, it destroys fibers from the upper retina and produces homonymous hemianopia. This is more common than superior quadrantanopia because most patients present with a large tumor. Unlike hemianopia caused by an occipital lobe tumor, the defects in the two eyes differ in a temporal lobe lesion (incongruous homonymous hemianopia). For example, one eye may lose half its field while the other loses only a quadrant. An occipital lobe tumor, by contrast, usually causes complete homonymous hemianopia(13) (Figure 5.6).

2. DYSPHASIA, APHASIA

A tumor in the posterior temporal lobe of the dominant hemisphere, at or near Wernicke’s center, causes sensory dysphasia or aphasia: the patient cannot understand spoken language. An anterior tumor near Broca’s area causes motor dysphasia. A very large tumor may cause global aphasia.

3. UNCINATE FITS AND TEMPORAL LOBE EPILEPSY

A tumor in the medial temporal lobe, at the uncus and parahippocampal gyrus, which are concerned with smell and taste, produces the syndrome called uncinate fits. An attack begins with an unusual smell or taste, usually unpleasant, followed by tasting movements and lip licking. At the same time, the patient stares blankly and appears disconnected from the surroundings. Afterward, the patient describes a dreamlike experience.(14)

Temporal lobe epilepsy, or psychomotor seizure, occurs with a lesion in the medial temporal lobe, involving the uncus, parahippocampal gyrus, amygdala, or their subcortical connections. The patient shows automatisms: unusual movements with an appearance of partial awareness. Some patients abruptly stop their current activity and stare in bewilderment, without jerking or collapsing unconscious. Others may walk a considerable distance without remembering where they went or what they did (amnesia). Some experience illusions or hallucinations involving hearing, smell, or taste, sometimes with chewing or swallowing movements. Some describe a dreamlike state with the feeling that they have seen or experienced the present situation before, termed déjà vu. After a psychomotor seizure, confusion may persist for a time, and some patients fall asleep.(1)

4. MEMORY IMPAIRMENT

A deep medial temporal lobe tumor destroys the hippocampus or its connections, impairing recent memory. With progression, the manifestations may resemble dementia.

5. HALLUCINATIONS

Both visual and auditory hallucinations may occur. Visual hallucinations are relatively clearly formed images, unlike the unformed hallucinations of an occipital lobe tumor, such as flashing lights. With auditory hallucinations, the patient reports a sound in the ear, such as ringing resembling a bell or a whistle.

6. HEMIPARESIS

A large medial temporal lobe tumor displaces the corticospinal tract fibers supplying the opposite facial muscles, which lie laterally, producing contralateral weakness. Compression extending to the internal capsule may cause contralateral hemiparesis (Figure 5.9). A large tumor may also displace the brain stem to the opposite side, pressing the contralateral cerebral peduncle against the edge of the tentorium cerebelli. Hemiparesis may therefore occur on the same side as the tumor. The combination of homonymous hemianopia and hemiparesis is very important in localizing a temporal lobe tumor (Figure 5.10).

[image: Figure 5.9. A large temporal lobe tumor displaces the corticospinal tract and Broca’s center, causing hemiparesis and dysphasia.]Color added while retaining the original linework and letteringFigure 5.9. A large temporal lobe tumor displaces the corticospinal tract and Broca’s center, causing hemiparesis and dysphasia.
[image: Figure 5.10. A temporal lobe tumor compresses the corticospinal tract and optic radiation, producing contralateral hemiparesis and homonymous hemianopsia.]Color added while retaining the original linework and letteringFigure 5.10. A temporal lobe tumor compresses the corticospinal tract and optic radiation, producing contralateral hemiparesis and homonymous hemianopsia.
7. TRIGEMINAL & OCULOMOTOR NERVE PALSY

The Gasserian ganglion of the trigeminal nerve lies medially in the middle cranial fossa and may be compressed by the tumor, causing ipsilateral facial numbness and loss of the corneal reflex. A tumor may also descend past the tentorial edge and compress the oculomotor nerve adjacent to the uncus, causing ptosis and a dilated pupil unresponsive to light on the same side as the tumor.

8. UNILATERAL EXOPHTHALMOS

This occurs with tumors anterior to the temporal lobe, such as meningiomas of the lesser wing of the sphenoid. They may impair venous drainage from the eye, cause reactive thickening of the orbital wall and narrowing of the orbit, or extend into the orbit. These changes cause proptosis. A more lateral meningioma in this region may cause thickening of the temporal bone, making that temple appear fuller than the opposite one (Figure 6.17).

9. ATAXIA

This is uncommon. It resembles frontal ataxia, with swaying or falling toward the side opposite the tumor. It occurs with tumors in the posterior portions of the middle and inferior temporal gyri that destroy the temporopontocerebellar pathway.(5,16)

Original pages 275–280
THALAMUS AND BASAL GANGLIA

The thalamus is an ovoid nuclear mass near the midline of the brain, at the upper end of the cerebral peduncle. Its anterior medial surface forms the wall of the third ventricle. Its enlarged posterior portion, the pulvinar, lies close to the quadrigeminal plate, pineal gland, and medial and lateral geniculate bodies and serves as a visual association area of the cortex. Together with the caudate nucleus, its superior surface forms the floor of the lateral ventricle. Laterally it adjoins the internal capsule, containing the corticospinal tract connecting the cerebral motor area with lower levels of the central nervous system. Inferiorly, the thalamus rests on the subthalamus and mesencephalic tegmentum. Here fibers ascending from lower levels of the central nervous system enter the thalamus: the spinothalamic tract (pain and temperature), medial lemniscus (touch, vibration, and proprioception), and brachium conjunctivum from the cerebellum.

The thalamic nuclei are divided into midline, anterior, medial, lateral, and posterior groups. The lateral nuclei are further divided into a large ventral and a smaller dorsal group. An important nucleus in the posterior ventral group is the nucleus ventralis posterior, where sensory pathways terminate. The secondary trigeminal sensory pathway carries facial sensation to the nucleus ventralis posteromedialis, while spinothalamic and medial lemniscal fibers terminate in the nucleus ventralis posterolateralis. Cells in these two nuclei send fibers to the postcentral gyrus.(17) A lesion of the lateral thalamic nucleus causes contralateral sensory loss. In some patients, intractable pain also occurs in the affected body parts, termed thalamic syndrome. Even a slight stimulus in the region of sensory loss produces severe pain, often with an emotional response. This phenomenon is not yet satisfactorily explained.(17)

The internal capsule is another clinically important structure. It consists of  fibers entering and leaving the cerebral cortex, with the thalamus and caudate nucleus medially and the lenticular nucleus (globus pallidus and putamen) laterally. Most of the internal capsule consists of the thalamic radiation, fibers passing from the thalamus to the cerebral cortex.(18) The remainder consists of efferent cortical fibers descending to the brain stem and spinal cord: the corticospinal, corticobulbar, and corticopontine tracts, together with small groups of fibers to the hypothalamus, substantia nigra, and red nucleus. Below the thalamic level, the internal capsule becomes the crus cerebri or cerebral peduncle of the midbrain.

On horizontal section (Figure 5.11), the internal capsule has anterior and posterior limbs meeting at an angle at the genu. The anterior limb  contains the anterior thalamic radiation and prefrontal corticopontine tract. The genu contains corticobulbar and corticoreticular fibers. The posterior limb contains the corticospinal tract, frontopontine fibers, and superior thalamic radiation carrying somatic sensation to the postcentral gyrus. The superior thalamic radiation lies posterior to the corticospinal tract.(18)

[image: Figure 5.11. Components of the internal capsule.]Color added while retaining the original linework and letteringFigure 5.11. Components of the internal capsule.
In this region, the geniculocalcarine tract leaves the lateral geniculate body, passes posteriorly and inferior to the internal capsule, and spreads out as the optic radiation to the calcarine (striate) cortex, area 17, of the occipital lobe. The medial geniculate body gives rise to the auditory radiation, which runs near the geniculocalcarine tract behind the internal capsule to the temporal auditory cortex. These two groups of fibers are important in localizing lesions, as discussed below.

The BASAL GANGLIA comprise gray matter in the caudate nucleus, lenticular nucleus (globus pallidus and putamen), amygdaloid nuclei, and claustrum. The lenticular nucleus is separated from the caudate nucleus by the anterior limb of the internal capsule and from the thalamus by the posterior limb. The basal ganglia connect with many other structures and perform several functions, summarized as follows:(19)

i) They are important in voluntary movement. Together with the precentral motor cortex, the basal ganglia can produce useful muscular activity even when the corticospinal fibers from this cortex are lost.

ii) They participate in many automatic and associated movements.

iii) They inhibit postural reflexes, as demonstrated by the muscular rigidity produced by basal ganglia lesions.

iv) They inhibit motor centers. Destruction of the basal ganglia produces  abnormal involuntary movements: choreoathetosis with damage to the caudate nucleus and putamen; intention tremor with damage to the dentorubrothalamic pathway; resting tremor with damage to the globus pallidus and substantia nigra; and hemiballismus with damage to the subthalamic nucleus of Luys.

Focal Symptoms and Signs of Tumors of the Thalamus and Basal Ganglia

Because the thalamus and basal ganglia lie very close together, lesions in these regions produce similar manifestations and are discussed together. Tumors are uncommon here, but symptoms often appear relatively early because of the proximity of motor structures (the corticospinal tract) and sensory pathways (Figure 5.12). A tumor arising in one of these regions may extend into the other.

[image: Figure 5.12. A thalamic tumor destroys the thalamus, internal capsule, sensory pathway, optic radiation, and superior colliculus.]Color added while retaining the original linework and letteringFigure 5.12. A thalamic tumor destroys the thalamus, internal capsule, sensory pathway, optic radiation, and superior colliculus.	Thalamus
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The manifestations of tumors in this region are as follows:

1. HEMIHYPESTHESIA OR HEMIANESTHESIA

There is numbness on the side opposite the tumor, with impairment of all sensory modalities, due to destruction of thalamic nuclei and all types of sensory fibers entering the thalamus. With a tumor originating in the thalamus, sensory symptoms precede weakness. With a basal ganglia tumor, hemiplegia usually precedes numbness because the sensory fibers lie posterior to the basal ganglia. The author has not encountered thalamic syndrome caused by a tumor.

2. HEMIPLEGIA

This is common in tumors of the thalamus and basal ganglia and usually appears early. Because of its proximity, the corticospinal tract in the internal capsule is destroyed relatively early. A basal ganglia tumor usually presents first with hemiplegia, which is spastic.

3. HOMONYMOUS HEMIANOPIA

This occurs when the tumor compresses the lateral geniculate body or the optic radiation passing below and behind the thalamus and internal capsule.

4. UPWARD CONJUGATE GAZE PALSY AND ANISOCORIA

The tumor grows to compress the upper midbrain, including the quadrigeminal plate (superior and inferior colliculi) and pretectal area. As the superior colliculus is the upward gaze center, the patient cannot look upward. The pretectal area is where pupillary fibers from the optic nerve synapse; compression causes unequal pupils with poor light responses.

5. ATAXIA

Contralateral incoordination may result from destruction of the nucleus ventralis lateralis, where fibers from the cerebellum through the brachium conjunctivum (superior cerebellar peduncle) terminate, together with loss of proprioceptive sensation in the thalamus. This  ataxia is uncommon and usually appears late in the disease.

Tremor and abnormal involuntary movements, such as choreoathetosis or hemiballismus, are very rarely caused by a tumor.

6. MENTAL SYMPTOMS

Although not specific to this region, mental symptoms may occur with a thalamic tumor. Destruction of the thalamus and subthalamus produces drowsiness, excessive sleep, mental dullness, and memory impairment.(7) These may also reflect associated raised intracranial pressure. Because the thalamus lies next to the third ventricle, a tumor here may obstruct cerebrospinal fluid circulation relatively early.

Original pages 280–283
CORPUS CALLOSUM

The corpus callosum is the largest commissural fiber bundle connecting different regions of the two cerebral hemispheres. It has four parts: the rostrum, genu, body, and splenium (Figure 5.13). It forms the roof of the anterior horn and body of the lateral ventricle. Fibers passing anteriorly through the genu to the two frontal poles are called the anterior forceps; those passing through the splenium to the two occipital lobes are the posterior forceps. Other fibers passing through the body connect cortical centers in the frontal, parietal, and temporal lobes (Figure 5.14). The corpus callosum enables functional communication between the hemispheres, allowing the various cortical centers to function fully. Its destruction causes different disconnection syndromes according to the part damaged.(20) If the splenium is destroyed, for example, only visual communication is lost. A clear example is occlusion of the left posterior cerebral artery, causing infarction of the occipital lobe and splenium. The patient has right homonymous hemianopia and cannot read. Because the left occipital lobe is damaged, the speech center must receive visual information from the right occipital  lobe, but this information cannot reach the left angular gyrus. Destruction of the corpus callosum anterior to the splenium, as with anterior cerebral artery occlusion, disconnects tactile perception and language between the hemispheres. With the eyes closed, the patient cannot compare objects held in the two hands. On verbal command, the right hand performs a task correctly but the left hand cannot. For example, writing to dictation with the left hand produces unformed, illegible writing, while the right hand writes normally.(20)

[image: Figure 5.13. Medial view of the right cerebral hemisphere, showing the parts of the corpus callosum and their relationships to adjacent structures.]Color added while retaining the original linework and letteringFigure 5.13. Medial view of the right cerebral hemisphere, showing the parts of the corpus callosum and their relationships to adjacent structures.
[image: Figure 5.14. Fibers in the corpus callosum (from Correlative Anatomy of the Nervous System by Crosby, Humphrey, and Luer).]Color added while retaining the original linework and letteringFigure 5.14. Fibers in the corpus callosum (from Correlative Anatomy of the Nervous System by Crosby, Humphrey, and Luer).
Along the midline, the cingulate gyrus and anterior cerebral arteries lie above the corpus callosum throughout its length. Below it, the septum pellucidum adjoins the corpus callosum at the level of the anterior horn of the lateral ventricle, and the fornix lies below its body.

Several important structures lie below the splenium: the internal cerebral vein, great vein of Galen, pineal gland, quadrigeminal plate, and midbrain aqueduct of Sylvius. These structures account for the syndromes discussed below.

Symptoms and Signs of Corpus Callosum Tumors

Tumors in this region are very uncommon, and clearly defined focal manifestations are difficult to identify. They usually present with dysfunction of neighboring brain invaded by the tumor, or arise in nearby brain and extend into the corpus callosum and then the opposite hemisphere. Thus, manifestations of a corpus callosum tumor are essentially those of dysfunction in neighboring brain and depend on the adjacent hemispheric region. A tumor of the body produces weakness and numbness of both legs because the leg motor cortex lies medially in the frontal lobe. A tumor of the splenium (Figure 5.15) compresses the quadrigeminal plate, pretectal area, and aqueduct of Sylvius, producing manifestations resembling a pineal tumor or Parinaud’s phenomenon. The patient cannot look upward (upward conjugate gaze palsy) because the upward gaze center in the superior colliculus is impaired. Both pupils are dilated and respond poorly to light. Raised intracranial pressure also develops early because the aqueduct is compressed. A tumor of the genu or rostrum may extend into both frontal lobes, producing the previously described manifestations of a prefrontal tumor: personality change and progressive dementia. A corpus callosum tumor should therefore always be considered when dementia is prominent.

[image: Figure 5.15. A tumor of the splenium of the corpus callosum compresses the superior colliculus, pretectal area, and aqueduct of Sylvius.]Color added while retaining the original linework and letteringFigure 5.15. A tumor of the splenium of the corpus callosum compresses the superior colliculus, pretectal area, and aqueduct of Sylvius.
Original pages 283–284
LATERAL VENTRICLE

Lateral ventricular tumors are uncommon. Symptoms and signs generally do not appear until the tumor is very large, because the ventricle is a cerebrospinal fluid-filled cavity in which a tumor can grow without compressing brain tissue or producing a focal deficit. The lateral ventricle is therefore another silent area. When the tumor becomes large, the conspicuous symptoms are those of raised intracranial pressure—headache, blurred vision, and vomiting—which bring the patient to medical attention. In  cases where the tumor obstructs cerebrospinal fluid circulation or produces cerebrospinal fluid, as with a choroid plexus papilloma, presentation with raised intracranial pressure occurs relatively early. Some patients have intermittent severe headaches due to a ball-valve action of the tumor. In certain head positions, the tumor blocks cerebrospinal fluid flow, greatly increasing intracranial pressure and causing severe headache. In another position, the tumor may move and allow fluid to pass, relieving the raised pressure and headache; the symptoms may recur. This pattern is important in diagnosing an intraventricular tumor. If the tumor causes hydrocephalus and enlargement of the lateral ventricles, the patient may also present with bilateral leg weakness because corticospinal fibers from the leg motor cortex run close to the lateral ventricular wall and are compressed (Figure 5.20).

A tumor arising from the lateral ventricular wall may grow into the ventricle and also extend into adjacent brain tissue, causing focal deficits determined by its location. A tumor in the body of the lateral ventricle may cause contralateral hemiparesis and hemihypesthesia by compressing the corticospinal and sensory tracts. A tumor in the occipital horn may cause homonymous hemianopia by destroying the optic radiation, which runs close to the wall of the lateral ventricular occipital horn.

Original pages 284–292
HYPOTHALAMUS

The hypothalamus lies in the wall of the third ventricle below the hypothalamic sulcus. Its anteroinferior aspect adjoins the optic chiasm and optic tract. Behind the optic chiasm, the infundibulum on the inferior surface of the hypothalamus extends downward to join the hypophysis as the pituitary stalk (Figure 5.16). The portion forming the floor of the third ventricle is called the median eminence and is divided into two parts. The portion anterior to the infundibulum is the anterior median eminence, and the portion posterior to it is the posterior median eminence. The median eminence is the final important part of the hypothalamus that converts the pathway of the central venous system into the peripheral endocrine system. The arterial capillaries of the hypophyseal portal vessels, beginning at the median eminence, collect blood from this area containing both releasing and inhibitory hormones from the hypothalamus and convey it to the target cells of the anterior pituitary gland.(21)

[image: Figure 5.16 Medial aspect of the right cerebral hemisphere, showing the hypothalamus and its relationship to neighboring structures.]Color added while retaining the original linework and letteringFigure 5.16 Medial aspect of the right cerebral hemisphere, showing the hypothalamus and its relationship to neighboring structures.
Within the hypothalamus, groups of cells form several hypothalamic nuclei. The supraoptic region contains the paraventricular, supraoptic, anterior hypothalamic, and suprachiasmatic nuclei. The paraventricular and supraoptic nuclei are readily distinguishable; both send fibers to the posterior lobe of the hypophysis. The tuberal region also contains several nuclei: the ventromedial, dorsomedial, arcuate, posterior hypothalamic, and mamilloinfundibular nuclei.

The hypothalamus exerts most of its influence on the pituitary gland through the supraopticohypophyseal and tuberohypophyseal tracts. The supraopticohypophyseal tract consists of fibers from the supraoptic and paraventricular nuclei passing to the posterior lobe of the pituitary gland, where oxytocin and antidiuretic hormone are released. This region is important because it is concerned with the body’s fluid balance. Its destruction causes diabetes insipidus; therefore, great care must be taken to avoid damaging it during surgery for tumors in this region. The tuberohypophyseal tract begins in the tuberal area and passes to the median eminence and infundibular system. Together with the hypophyseal portal system, it links the nervous and hormonal systems, connecting the hypothalamus with the anterior pituitary gland. Destruction of the tuberal area causes abnormalities of carbohydrate and fat metabolism, resulting in hyperglycemia and adiposogenital syndrome.(22)

Lesions destroying the anterior hypothalamic nuclei cause hyperthermia accompanied by sweating, vasodilatation, and rapid, deep breathing—mechanisms that lower body temperature—as well as emaciation. Lesions destroying the posterior hypothalamic nuclei cause hypothermia accompanied by mechanisms attempting to conserve body temperature, including vasoconstriction and shivering to generate heat. Abnormalities of the posterior hypothalamic nuclei also cause excessive sleep (hypersomnia).

[image: Figure 5.17 Coronal section of the brain showing the hypothalamus.]Color added while retaining the original linework and letteringFigure 5.17 Coronal section of the brain showing the hypothalamus.
The medial hypothalamus controls satiety, whereas the lateral hypothalamus controls the desire to eat. Abnormalities of the medial hypothalamus cause marked obesity, while abnormalities of the lateral hypothalamus cause loss of appetite.

Although the hypothalamus is very small compared with other parts of the brain, its functions are essential to survival. It continually regulates and adjusts the body’s internal balance in response to changes both inside and outside the body through three important systems:(23)

1. The endocrine system. The hypothalamus directly controls the pituitary gland and indirectly controls the body’s other endocrine glands. It secretes various releasing hormones (factors) that stimulate the pituitary gland to release the corresponding hormones, or secretes inhibitory hormones (factors) to suppress excessive production of pituitary hormones. In this way, it maintains the hormonal balance required for normal life. The hypothalamus thus plays an important role in controlling all the endocrine glands, including the pituitary, thyroid, pancreas, adrenal glands, and gonads.

2. The autonomic nervous system (ANS). The hypothalamus keeps the functions of all the body’s visceral organs within normal limits through reflexes passing to parasympathetic and sympathetic cells in the brainstem and at various levels of the spinal cord. It therefore regulates the cardiovascular, respiratory, and gastrointestinal systems, body temperature, sweat glands, sexual organs, and other functions.

The anterior and medial hypothalamic nuclei, together with the tuber cinereum, control parasympathetic activity. The posterior and lateral hypothalamic nuclei are concerned with sympathetic activity.(24)

3. The limbic system. This system is important in emotion, protective responses, and memory, through connections with the hippocampus, uncus, anteromedial thalamus, and amygdala.

The hypothalamus also communicates with the tegmentum of the midbrain, an important region concerned with consciousness.

The hypothalamus therefore controls the anterior and posterior pituitary glands, body temperature, water balance, food intake, consciousness, sleep, emotion, behavior, and the autonomic nervous system. Abnormalities or tumors of the hypothalamus may produce the following manifestations:(25)

A. Hormonal abnormalities

1. Manifestations involving anterior pituitary hormones

2. Manifestations involving the neurohypophysis

2.1 Diabetes insipidus

B. Nonhormonal abnormalities

1. Abnormalities of body temperature regulation

1.1 Hypothermia

1.2 Hyperthermia

1.3 Body temperature varying with the external temperature (poikilothermia)

2. Abnormalities of food intake

2.1 Reduced or absent appetite (anorexia)

2.2 Reduced food intake (hypophagia)

2.3 Absence of food intake (aphagia)

3. Abnormalities of drinking

3.1 Persistent excessive drinking

3.2 No drinking or reduced drinking

3.3 Essential hypernatremia

4. Abnormalities of sleep and consciousness

4.1 Excessive sleepiness (hypersomnia)

4.2 Insomnia

4.3 Absence of movement and speech (akinetic mutism)

4.4 Unconsciousness (coma)

5. Autonomic nervous system abnormalities

5.1 Pulmonary edema

5.2 Cardiac arrhythmia

5.3 Gastrointestinal disturbance

5.4 Sphincter disturbance

6. Abnormalities of caloric balance

6.1 Obesity

6.2 Emaciation

7. Emotional abnormalities

7.1 Anger

7.2 Fear

7.3 Emotional indifference or listlessness (apathy)

8. Sexual abnormalities

8.1 Hypogonadotropic hypogonadism

8.2 Precocious puberty

9. Memory impairment

Symptoms and signs of hypothalamic tumors

As described above, the hypothalamus is very small and contains many closely adjacent groups of nuclei with different functions. It is therefore difficult to identify the precise point at which a tumor originated. Most patients seek medical attention only after the tumor has become large. The findings then represent a combination of hormonal abnormalities, metabolic abnormalities, and loss of function of neural structures neighboring the hypothalamus, including the optic nerves and chiasm, other cranial nerves, cerebral peduncle, pituitary gland, and cerebrospinal fluid pathways. The manifestations vary according to the tumor’s location within the hypothalamus and the patient’s age.

With respect to age, experience has shown different manifestations in younger and older children even when tumors occupy the same location. For example, an anterior hypothalamic tumor may cause emaciation in a young child but abnormal obesity in an older child. This difference remains unexplained.

Anterior hypothalamic tumors cause failure to thrive or the diencephalic syndrome(26,27) in young children. The patient is emaciated (Figure 5.18), has no subcutaneous fat, and fails to gain weight despite eating well. Some have nausea and vomiting. The child is usually alert and cheerful despite a sickly appearance. These manifestations are generally absent in older children, for reasons that remain unexplained. Visual abnormalities are common, with optic atrophy resulting from compression of the nearby optic chiasm. Impaired vision produces searching nystagmus as the patient moves the eyes in an attempt to find an object to look at. In older children, tumors in this region commonly cause obesity together with diabetes insipidus and visual field defects. Excessive urination and impaired thirst mechanisms may cause dehydration, serum hyperosmolarity, and hypernatremia.(28) Some patients also have persistently elevated body temperature.

[image: Figure 5.18 Emaciation in a child with an anterior hypothalamic tumor.]Figure 5.18 Emaciation in a child with an anterior hypothalamic tumor.
Tumors in the posterior hypothalamic region, including the tuber cinereum and median eminence, produce precocious puberty (Figure 5.19). The child’s body and bones grow rapidly, the penis becomes adult-sized, pubic hair appears, and both testes enlarge. These changes occur because the tumor destroys the part of the hypothalamus that suppresses secretion of gonadotropic substance,(29) resulting in excessive gonadotropin secretion. Upward extension of the tumor causes excessive sleeping or, in some cases, impaired consciousness.

Some hypothalamic tumors also produce several of the other abnormalities described above. Downward extension into the interpeduncular fossa may impair the oculomotor and abducens nerves and produce corticospinal tract signs. Some patients develop raised intracranial pressure because the tumor obstructs cerebrospinal fluid pathways in the third ventricle and foramen of Monro.

[image: Figure 5.19 Precocious puberty in a patient with a posterior hypothalamic tumor.]Figure 5.19 Precocious puberty in a patient with a posterior hypothalamic tumor.
In summary, a hypothalamic tumor should be suspected in patients with diencephalic syndrome or precocious puberty accompanied by visual field defects and optic atrophy. Radiological investigation with CT or MRI should be undertaken.

Original pages 292–295
THIRD VENTRICLE

The third ventricle lies in the midline of the brain (Figures 5.16 and 5.17). The anterior portions of its lateral walls are formed by the hypothalamus and the posterior portions by the thalamus. Its anterior boundary consists of the lamina terminalis and anterior commissure. Inferiorly, the pituitary stalk connects the base of the third ventricle with the pituitary gland, with the optic chiasm anterior to the stalk. Behind the third ventricle lie the midbrain and the pineal gland, which rests above the superior colliculus. Above the third ventricle are the tela choroidea, fornix, and internal cerebral veins. The third ventricle communicates with both lateral ventricles through the foramina of Monro. Cerebrospinal fluid leaves it through the aqueduct of Sylvius, beneath the quadrigeminal plate of the midbrain. The third ventricle is an important region because it is surrounded by vital structures, including the hypothalamus, pituitary gland, optic chiasm and other cranial nerves, and cerebral blood vessels. It is also small and deeply situated, making surgical access to tumors difficult. As in other ventricles, tumors in this region may arise within the ventricular cavity itself (intraventricular), or arise in the ventricular wall or neighboring region and grow into the third ventricle (paraventricular). The latter produce manifestations attributable to those structures and will not be discussed here; only tumors within the ventricle are considered.

Localizing manifestations of third ventricular tumors

Tumors in this region do not produce specific localizing symptoms. Most manifestations result from raised intracranial pressure. Tumors in the anterior third ventricle commonly obstruct CSF flow at the foramen of Monro, causing obstructive hydrocephalus. Patients have severe headache, vomiting, blurred vision, and papilledema. A colloid cyst originating near the foramen of Monro often produces a distinctive presentation: intermittent severe headache, vomiting, weakness of both legs, inability to stand, and possible collapse to the ground. Some patients become drowsy or unconscious. When the head assumes another position, however, the symptoms disappear immediately. This is explained by the cyst obstructing CSF flow in one position, causing acute obstructive hydrocephalus. A change in head position displaces the cyst, opening the foramen of Monro and allowing CSF to pass; the headache and other symptoms then disappear. Some patients develop dementia, possibly from compression and destruction of the fornix, septum pellucidum, hypothalamus, and memory pathways, or from raised intracranial pressure. Some also present with weakness of both legs because the enlarged lateral ventricles compress the corticospinal tract fibers to the legs, which lie close to their lateral walls (Figure 5.20).

[image: Figure 5.20 A tumor within the third ventricle obstructs the foramen of Monro, producing hydrocephalus and compression of the corticospinal tract, resulting in paraparesis.]Color added while retaining the original linework and letteringFigure 5.20 A tumor within the third ventricle obstructs the foramen of Monro, producing hydrocephalus and compression of the corticospinal tract, resulting in paraparesis.
Large tumors in the anterior third ventricle (Figure 5.21) compress the hypothalamus and the base of the third ventricle. Patients develop the manifestations of hypothalamic dysfunction described above, including marked obesity, excessive sleep, drowsiness, diabetes insipidus, failure to thrive, and autonomic and endocrine abnormalities. Large tumors extending downward compress the optic chiasm and cause visual field defects.

Tumors in the posterior third ventricle (Figure 5.21) compress the quadrigeminal plate and obstruct CSF flow at the aqueduct of Sylvius, producing Parinaud’s phenomenon. The patient cannot look upward; both pupils are dilated, with absent or diminished light reactions. This occurs because the superior collicular region is the center for upward conjugate gaze, while the pretectal area just anterior to the superior colliculus is the center for the pupillary light reflex. Tumor compression impairs these functions. Raised intracranial pressure from obstruction of CSF flow is regularly associated, producing headache, papilledema, and vomiting. At this stage, tumors in this part of the ventricle are difficult to distinguish from tumors of the pineal gland or quadrigeminal plate itself. In some patients, marked enlargement of the third ventricle from aqueductal obstruction impairs hypothalamic function and causes bitemporal hemianopia through compression of the optic chiasm.

[image: Figure 5.21 Tumors within the third ventricle.]Color added while retaining the original linework and letteringFigure 5.21 Tumors within the third ventricle.	An anterior third ventricular tumor causes hypothalamic dysfunction, visual field defects, and hydrocephalus.
	A posterior third ventricular tumor causes Parinaud’s phenomenon and obstructive hydrocephalus.


Original pages 295–309
PITUITARY GLAND

The pituitary gland lies in the sella turcica and is connected to the hypothalamus above by the pituitary or infundibular stalk. The stalk passes through an opening in the diaphragma sellae, a sheet of dura mater stretched between the clinoid processes that separates the pituitary gland from CSF in the basal cistern. In some individuals, this opening is large enough to allow the suprasellar arachnoid and CSF to protrude into the pituitary fossa, producing the abnormality known as empty sella syndrome.

[image: Figure 5.22 Parts of the pituitary gland and the hypothalamic–hypophyseal tract.]Color added while retaining the original linework and letteringFigure 5.22 Parts of the pituitary gland and the hypothalamic–hypophyseal tract.
The pituitary gland (Figure 5.22) comprises the adenohypophysis and neurohypophysis. The adenohypophysis, or anterior lobe of the pituitary gland, also called the pars distalis, develops from Rathke’s pouch, an upward extension of the primitive stomodeum toward the neural tube. Cells of Rathke’s pouch form the craniopharyngeal duct. At about 12 weeks of gestation, the proximal part of this duct disappears, eliminating its connection with the buccal cavity. Subsequently, the distal portion of the anterior wall of Rathke’s pouch becomes the pars distalis; 90–95% of this portion becomes the adult anterior pituitary gland. The posterior wall becomes the pars intermedia, adjacent to the posterior lobe of the pituitary gland. A group of anterior lobe cells also extends upward in front of the pituitary stalk to form the pars tuberalis.

The neurohypophysis, or posterior lobe of the pituitary gland, develops from the diencephalic portion of the neural tube at the floor of the third ventricle. A pouch grows downward to form the infundibulum. Its upper portion fuses to become the pituitary stalk, while its distal portion enlarges to form the posterior pituitary lobe, or neurohypophysis.

Two principal arteries supply the hypophysis: the superior and inferior hypophyseal arteries. The superior hypophyseal artery arises from the internal carotid artery. After crossing the diaphragma sellae, it passes toward the pituitary stalk and divides into anterior and posterior branches supplying the median eminence and upper infundibulum. A large branch, the trabecular artery, runs along the anterior aspect of the pituitary stalk and enters the pars distalis superiorly. Within the pars distalis, it does not supply the glandular tissue of the anterior lobe but passes through connective-tissue trabeculae to supply the infundibular stem.(29) The inferior hypophyseal artery arises from the intracavernous internal carotid artery. On reaching the hypophysis, it divides into medial and lateral branches that join their counterparts on the opposite side to form a ring around the pars nervosa (posterior lobe). It supplies the pars nervosa and infundibulum.

The arteries supplying the median eminence and infundibular stem terminate in capillary tufts. In humans, blood from these capillary plexuses enters larger vessels on the anterosuperior surface of the pituitary stalk and then reaches sinusoids in the pars distalis of the adenohypophysis. The vessels carrying blood from the capillaries of the median eminence and infundibulum to the sinusoids in the pars distalis are collectively called the hypophyseal portal vessels.(29)

Many important structures surround the sella turcica. A large pituitary tumor may damage them and produce detectable manifestations, so they warrant description here. These structures include the optic nerves, optic chiasm, and hypothalamus above the sella turcica, and the cavernous sinuses, third, fourth, fifth, and sixth cranial nerves, internal carotid arteries, and temporal lobes lateral to the sella (Figure 5.23).

[image: Figure 5.23 Superior view showing the pituitary gland and its relationship to parasellar structures.]Color added while retaining the original linework and letteringFigure 5.23 Superior view showing the pituitary gland and its relationship to parasellar structures.
Optic nerves and optic chiasm. The right and left optic nerves pass through the optic foramina medial to the anterior clinoid processes, run backward, and unite in the midline to form the optic chiasm. The chiasm lies above the pituitary gland and diaphragma sellae, with the pituitary stalk behind it. From the chiasm, the optic tracts pass below and lateral to the cerebral peduncles toward the lateral geniculate bodies. The optic chiasm forms the anteroinferior wall of the third ventricle. Above it lie the lamina terminalis, anterior commissure, and third ventricle; behind it lie the pituitary stalk, tuber cinereum, mammillary bodies, and oculomotor nerves. Because the optic nerves and chiasm are closely related to other structures in this region, most patients with tumors here present with visual abnormalities. Pituitary tumors in particular produce characteristic visual field defects, discussed below.

[image: Figure 5.24 Cross-section of the cavernous sinus showing cranial nerves III, IV, V₁, and V₂, all within a sheath in its lateral wall. Cranial nerve VI lies close to the internal carotid artery.]Color added while retaining the original linework and letteringFigure 5.24 Cross-section of the cavernous sinus showing cranial nerves III, IV, V₁, and V₂, all within a sheath in its lateral wall. Cranial nerve VI lies close to the internal carotid artery.
Cavernous sinus. The cavernous sinus lies lateral to the sphenoid sinus, sella, and pituitary gland, extending from the superior orbital fissure to the apex of the petrous temporal bone. It communicates with and receives blood from the orbit through the superior and inferior ophthalmic veins, and communicates with the cerebral hemisphere through the sphenoparietal sinus and middle cerebral veins. The two cavernous sinuses communicate through anterior and posterior intercavernous sinuses. Blood drains through the superior petrosal sinus into the transverse sinus, through the inferior petrosal sinus into the jugular bulb, and also through the basilar and pterygoid plexuses.

The lateral wall of the cavernous sinus contains several cranial nerves. From superior to inferior, these are the oculomotor nerve (III), trochlear nerve (IV), and ophthalmic (V₁) and maxillary (V₂) divisions of the trigeminal nerve. Within the trabeculae of the cavernous sinus lies the internal carotid artery, closely accompanied by the abducens nerve (VI), with sympathetic fibers surrounding the artery (Figure 5.24).

The cavernous sinus is important to surgeons operating on the pituitary gland or tumors in this region because its medial wall may tear and bleed. Furthermore, some tumors extend into the cavernous sinus, making surgical removal of that portion impossible.

Internal carotid artery. The artery passes through the foramen lacerum and enters the cavernous sinus, running forward and upward before emerging from its superior aspect near the anterior clinoid process. Immediately after leaving the cavernous sinus, it gives off the ophthalmic artery to supply the optic nerve, retina, and orbital structures. The internal carotid artery lies inferolateral to the optic nerve and chiasm and runs obliquely laterally. At the beginning of the Sylvian fissure, it divides into the anterior and middle cerebral arteries. The middle cerebral artery follows the Sylvian fissure, while the anterior cerebral artery passes medially above the optic nerve and chiasm and joins its counterpart through the anterior communicating artery. As the anterior cerebral artery crosses the optic nerve and chiasm, it gives off small branches supplying their superior surfaces; their inferior surfaces receive blood from the posterior communicating artery. The anterior cerebral artery is therefore closely related to the optic nerve, chiasm, diaphragma sellae, pituitary gland, pituitary stalk, and hypothalamus, and its position changes when tumors arise in these structures.

Temporal lobe. The anterior medial portion of the temporal lobe, called the uncus, lies close to the cavernous sinus and cranial nerves. A sellar tumor may extend to compress this part of the temporal lobe and produce temporal lobe epilepsy.

Frontal lobe. The posterior basal portion of the frontal lobe lies above the anterior cerebral artery, optic nerve, chiasm, and pituitary gland. A sellar or parasellar tumor extending upward may compress the frontal lobe and olfactory nerve, producing frontal lobe manifestations and anosmia (loss of smell). Seizures may occur in some patients.

Symptoms and signs of tumors in the pituitary region

Based on the anatomy described above, the manifestations of tumors in this region may be divided into two groups.

	General manifestations caused by tumor extension and compression of the brain and cranial nerves in this region (mass effect).
	Specific manifestations of pituitary tumors consist of various hormonal abnormalities (endocrinopathies) caused by tumors of pituitary cells. Both hyperpituitarism and hypopituitarism may occur.


A. General symptoms and signs

Most manifestations result from tumor compression of structures surrounding the sella: the optic nerve, chiasm, optic tract, hypothalamus, third, fourth, fifth, and sixth cranial nerves, cavernous sinus, pituitary gland, brain tissue, and ventricular system. Not all manifestations of dysfunction in these structures necessarily occur. They depend on the tumor’s size, location, and direction of extension, which determine the structures compressed. Those nearest the tumor lose function first, and other symptoms gradually develop. In the author’s experience, visual abnormalities are the most common presentation of lesions in this region.

1. Visual abnormalities. Pituitary tumors and other tumors, such as craniopharyngiomas, arising in the sella and extending upward compress the optic nerves and chiasm, causing loss of visual acuity and visual fields. Fundoscopy reveals primary optic atrophy, and the visual field defect is bitemporal hemianopia, a localizing manifestation of tumors in this region and an important diagnostic feature. Some patients presenting early have bitemporal superior quadrantanopia; with time, the inferior temporal quadrants are also lost. This results from compression of the fibers crossing at the optic chiasm (Figure 5.6.2). Later, the tumor also destroys the uncrossed fibers, causing loss of the inferior nasal fields followed by the superior nasal fields. Eventually, both eyes become blind. In some patients, the tumor grows toward the junction of one optic nerve with the chiasm and causes a junctional scotoma (Figure 5.6.3), comprising an ipsilateral central scotoma from compression of that optic nerve and contralateral superior temporal quadrantanopia from compression of inferior nasal fibers arriving from the opposite optic nerve.(31)

Many other patterns of visual loss may occur, depending on the part of the visual pathway damaged. Blindness in one eye with temporal hemianopia in the other indicates extension from the chiasm to damage the optic nerve or optic tract on the blind side. The blind eye is always on the side toward which the tumor has extended. This pattern may also occur with extrasellar tumors, such as meningiomas of the tuberculum sellae or medial sphenoidal ridge.

2. Hypothalamic and pituitary dysfunction. Sellar tumors, whether arising within the pituitary gland or from other tissues in the sella, grow to compress the gland, pituitary stalk, and suprasellar hypothalamus, producing various hormonal abnormalities. In addition to controlling both anterior and posterior pituitary lobes, the hypothalamus regulates fluid balance, temperature, emotion, sleep, behavior, consciousness, and autonomic function. Its manifestations have been described in detail in the section on hypothalamic tumors. Destruction of the pituitary gland and stalk produces hypopituitarism of varying severity, depending on how much of the gland is lost and which hormones are deficient. Large nonfunctioning pituitary tumors, whose cells do not secrete hormones, or large intrasellar craniopharyngiomas commonly destroy the functions of the various pituitary cells, causing panhypopituitarism with reduced pituitary trophic hormones, including growth hormone, gonadotropin, TSH, ACTH, and ADH. Patients lose weight and appear pale. Gonadotropic hormone deficiency causes loss of sexual desire. Women have absent milk secretion and menstruation, with uterine and vaginal atrophy. Men develop testicular atrophy and absence of sperm, with absent or diminished erections and loss of axillary and pubic hair. Thyrotropic hormone deficiency causes hypothyroidism resembling myxedema: swollen eyelids, dry wrinkled skin, dry brittle nails and hair, bradycardia, constipation, hoarseness, mental changes, and cold intolerance.

Loss of adrenocortical function causes weakness, a tendency to hypoglycemia, nausea and vomiting, and hypotension. Complete loss of adrenal function produces shock and unconsciousness.

Growth hormone deficiency before puberty causes dwarfism and hypoglycemia.

The manifestations of functioning pituitary tumors are discussed below.

3. Cranial nerve abnormalities. The cranial nerves involved in this region are II, III, IV, VI, and V. Most patients with pituitary tumors have visual abnormalities from compression of the optic nerves and chiasm, which are the principal symptoms prompting medical consultation. Most present before the tumor extends to compress other cranial nerves. Consequently, pituitary tumors only rarely produce dysfunction of cranial nerves III, IV, VI, and V. When a large tumor extends beyond the sella into the parasellar region, it may impair these nerves, producing strabismus, diplopia, pupillary dilatation, ptosis, facial pain, and related manifestations.

4. Obstructive hydrocephalus and raised intracranial pressure. These result from suprasellar tumor extension compressing the hypothalamus and obstructing the foramen of Monro at the third ventricle. Late in the disease, patients develop manifestations of raised intracranial pressure, including headache and vomiting. Blurred vision due to papilledema is absent because tumor compression has already caused primary optic atrophy and visual loss. Eventually, consciousness progressively deteriorates. The obstruction must be relieved by tumor removal or CSF diversion with a shunt.

Headache may result from raised intracranial pressure, compression of pain-sensitive structures in this region, or both. Pituitary tumor patients commonly have retro-orbital pain due to pressure on the diaphragma sellae, which is supplied by the ophthalmic division of the trigeminal nerve.

Vomiting is uncommon with tumors in this region unless hydrocephalus is severe.

5. Compression of surrounding brain tissue. A large tumor may extend to compress the frontal lobe, temporal lobe, or brainstem (Figure 3.116). Frontal extension produces personality changes, memory impairment, and anosmia from olfactory nerve compression. Irritation of either the frontal or temporal lobe may cause seizures.

6. Rarely, downward tumor extension produces a nasopharyngeal mass and CSF rhinorrhea.

B. Specific symptoms and signs of pituitary tumors

Pituitary tumors produce manifestations of excessive hormone secretion (endocrinopathy), according to the type of tumor cell. The pituitary gland contains three cell types: chromophobe, acidophilic, and basophilic cells, each secreting different hormones. A tumor of a particular cell type therefore produces manifestations of excess hormone from those cells, while compressing the other cell types and reducing their hormone secretion.

Historically, pituitary tumors were classified by cytoplasmic staining as chromophobe, acidophilic, or basophilic adenomas. Chromophobe adenomas were considered nonsecretory and therefore not responsible for hormonal abnormalities; acidophilic adenomas were considered growth hormone-producing, and basophilic adenomas ACTH-producing. Because staining characteristics do not correlate with hormone-secretory capacity, this classification has been abandoned in favor of classification by the endocrine function of the tumor cells.(32) This approach is appropriate because circulating hormone levels can be measured.

Classification of pituitary adenomas by endocrine function is as follows:

	Growth hormone - secreting adenoma
	Prolactin - secreting adenoma
	ACTH - secreting adenoma
	TSH - secreting adenoma
	FSH- and LH-secreting adenoma
	Plurihormonal adenoma
	Adenoma with no apparent hormonal function


1. Growth hormone-secreting adenoma. This tumor of acidophilic cells secretes growth hormone, causing gigantism (Figure 5.25) when it develops in a child before epiphyseal closure, or acromegaly when it develops in an adult. The patient becomes large in all parts of the body (Figure 5.26). Associated abnormalities include hypertension, heart disease, diabetes mellitus, pulmonary disease, and back and joint pain due to peripheral nerve compression.

[image: Figure 5.25 Gigantism in a 14-year-old patient with a pituitary acidophilic adenoma, compared with a child of the same age.]Figure 5.25 Gigantism in a 14-year-old patient with a pituitary acidophilic adenoma, compared with a child of the same age.
[image: Figure 5.26 Acromegaly in a patient with a pituitary acidophilic adenoma (growth hormone-secreting adenoma).]Figure 5.26 Acromegaly in a patient with a pituitary acidophilic adenoma (growth hormone-secreting adenoma).
2. Prolactin-secreting adenoma (prolactinoma). This is the most common pituitary tumor. Its manifestations result from excessive prolactin secretion by tumor cells, producing hyperprolactinemia. In women, this causes galactorrhea, amenorrhea, and infertility. Galactorrhea is the discharge of whitish, milk-like fluid from the nipple (Figure 5.27), either spontaneously or after stimulation by squeezing the nipple. Galactorrhea occurs in 30% of prolactinoma cases,(33) whereas amenorrhea or oligomenorrhea is the most common manifestation, occurring in up to 95%.(34)

[image: Figure 5.27 Galactorrhea in a patient with a pituitary prolactinoma.]Figure 5.27 Galactorrhea in a patient with a pituitary prolactinoma.
In men, prolactinomas cause diminished sexual desire, impotence, low sperm counts, and galactorrhea. Galactorrhea is less common in men than in women.(35, 36) Prolactinomas in men are generally larger than those in women and therefore commonly produce hypopituitarism and mass-effect symptoms. In women, they are detected earlier because the endocrine manifestations are more conspicuous.

3. Adrenocorticotropic hormone-secreting adenoma. Its manifestations result from elevated blood ACTH and constitute Cushing’s syndrome. This syndrome can also arise from other causes, including corticosteroid administration, adrenal adenoma, and lung cancer. When caused by a pituitary adenoma, it is called “Cushing’s disease.” Characteristic features include increased appetite; a rounded, red moon face; double chin; truncal obesity; facial acne; long sideburns and a slight mustache, sometimes a beard (hirsutism); a buffalo hump; purple abdominal striae, sometimes extending to the thighs; thin skin, easy bleeding, and slow wound healing; diabetes; weakness; osteoporosis; and amenorrhea or oligomenorrhea. Hypertension and left ventricular enlargement commonly coexist.

An ACTH-secreting adenoma may develop after bilateral adrenalectomy for hypercortisolism. This is called Nelson’s syndrome. Patients develop progressively increased skin pigmentation and elevated blood ACTH. CT and physical examination reveal evidence of a pituitary adenoma.

4. TSH-secreting adenoma. This produces hyperthyroidism.

5. FSH- and LH-secreting adenoma. Composed of gonadotropic cells, this has no specific clinical symptoms or signs, but blood FSH and LH levels are elevated.

6. Plurihormonal adenoma. This adenoma secretes two or more adenohypophyseal hormones. Growth hormone and prolactin are the usual combination. These two hormones are secreted by three types of pituitary adenoma: mixed growth hormone cell–prolactin cell adenoma, acidophil stem cell adenoma, and mammosomatotropic cell adenoma.(32)
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OPTIC NERVE AND OPTIC CHIASM

Tumors arising in the optic nerve or chiasm impair vision. When one optic nerve is involved, vision in that eye gradually deteriorates and ultimately is lost. An intraorbital optic nerve tumor may push the globe forward, producing nonpulsatile unilateral exophthalmos and restricted eye movements. Fundoscopy reveals primary optic atrophy on the affected side.

A tumor extending into or originating in the chiasm impairs visual fields and visual acuity in both eyes. The pattern of field loss varies according to the fibers destroyed and may be similar or different in the two eyes. Some patients have bitemporal hemianopia, with bilateral optic atrophy on fundoscopy. Children often do not recognize their visual loss, but searching nystagmus may be noticed and may be the first sign prompting medical consultation.

A chiasmal tumor may extend into the hypothalamus, causing hypothalamic dysfunction. Further growth obstructing the CSF pathway at the foramen of Monro produces raised intracranial pressure.

As noted above, tumors of the pituitary gland, hypothalamus, or parasellar region can also impair the optic nerves and chiasm, producing visual field loss, diminished visual acuity, and optic atrophy. These must be considered in the differential diagnosis, although differentiation is sometimes difficult.
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CAVERNOUS SINUS

As described in the anatomy section, cranial nerves III, IV, VI, and V pass through the cavernous sinus. Three supply the extraocular muscles, while the trigeminal nerve supplies facial sensation. These cranial nerves lie very close together in the cavernous sinus. A tumor here impairs their function, producing “cavernous sinus syndrome.” Patients have orbital and temporal pain, followed by numbness in the trigeminal distribution and diplopia from compression of the ocular motor nerves, causing ophthalmoplegia. Third nerve palsy is most common: the upper eyelid droops on the tumor side (ptosis), and the pupil is dilated and unreactive to light. When the eyelid closes completely, diplopia disappears because the affected eye cannot see; reopening the eye restores the diplopia. Upward tumor extension may impair the ipsilateral optic nerve and cause blindness. Malignancies such as nasopharyngeal carcinoma extending upward to the skull base may cause bilateral manifestations.

Original pages 310–311
SUPERIOR ORBITAL FISSURE

The superior orbital fissure lies anterior to the cavernous sinus, near the orbital apex and at the medial border of the greater wing of the sphenoid bone. It transmits the oculomotor, trochlear, and abducens nerves and the ophthalmic division of the trigeminal nerve into the orbit to supply the ocular muscles. The fissure is closely related to the optic canal and nerve.

A tumor in this region produces superior orbital fissure syndrome: loss of eye movements, a dilated pupil unreactive to light, and ptosis from compression of the oculomotor, trochlear, and abducens nerves (Figure 5.28). Pain or numbness occurs in the forehead within the ophthalmic division of the trigeminal nerve, and the corneal reflex on the tumor side is lost. Vision on that side may deteriorate to complete blindness while the opposite eye remains normal. Some patients have temporal or nasal visual field loss in the affected eye, depending on the site of optic nerve compression. Fundoscopy shows optic atrophy.

Some tumors also cause unilateral exophthalmos on the affected side.

[image: Figure 5.28 A tumor at the superior orbital fissure compressing the oculomotor, trochlear, and abducens nerves, the ophthalmic division of the trigeminal nerve, and the optic nerve.]Color added while retaining the original linework and letteringFigure 5.28 A tumor at the superior orbital fissure compressing the oculomotor, trochlear, and abducens nerves, the ophthalmic division of the trigeminal nerve, and the optic nerve.
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PINEAL GLAND

The pineal gland is a small gland attached to the posterior roof of the third ventricle near the posterior commissure. It is closely related to the quadrigeminal plate and aqueduct of Sylvius in the midbrain, resting on the superior colliculi (Figure 5.29). Above it lie the internal cerebral veins and splenium of the corpus callosum; behind it lie the great vein of Galen and anterior vermis. The pulvinar of the thalamus lies laterally, and the posterior third ventricle lies anteriorly. The function of the pineal gland remains uncertain, so the true localizing manifestations of pineal tumors cannot yet be specified. Clinical findings suggest a direct or indirect relationship with gonadotropin, although this remains unproven: some children with pineal tumors have precocious puberty, while others do not, and the difference remains unexplained.

[image: Figure 5.29 The pineal gland and its relationship to neighboring structures.A. Lateral view.B. Superior view.]Figure 5.29 The pineal gland and its relationship to neighboring structures.
A. Lateral view.
B. Superior view.
Localizing symptoms and signs result from tumor compression of the quadrigeminal plate, aqueduct of Sylvius, and oculomotor nucleus. Pineal tumors therefore resemble tumors arising within the upper midbrain, or tectum, and the two are difficult to distinguish clinically.

The important manifestations of pineal tumors are as follows:

1. Ocular manifestations. These are important localizing signs, resulting from compression and destruction of the quadrigeminal plate and producing “Parinaud’s syndrome.” This comprises loss of conjugate vertical eye movements (vertical gaze palsy), usually beginning with inability to look upward (upward vertical gaze palsy), and dilated pupils with absent or, in some cases, minimal light reactions (Figure 5.30). The pupils still constrict during near viewing (accommodation).

In this region, corticotectal fibers from the lower part of area 18 and upper part of area 19 in the occipital lobe pass to the upward vertical gaze center at the rostromedial aspect of the superior colliculi.(37) Tecto-oculomotor fibers then pass to the portions of the oculomotor nuclei (Figure 5.31) responsible for upward movement of the eyes and eyelids. Pineal tumor compression of the superior colliculi therefore prevents upward eye movements. Corticotectal fibers from the middle of area 19 and upper part of area 18 pass to the downward vertical gaze center caudolateral to the superior colliculi.(37) A large pineal tumor compresses this center and prevents downward gaze. Fibers passing to the horizontal gaze center in the pons lie deep in the midbrain tegmentum and escape compression. Horizontal gaze palsy is therefore not seen in patients with pineal tumors.

[image: Figure 5.30 Upward vertical gaze palsy and dilated pupils unreactive to light (Parinaud’s phenomenon).]Figure 5.30 Upward vertical gaze palsy and dilated pupils unreactive to light (Parinaud’s phenomenon).
[image: Figure 5.31 Pathways for conjugate vertical gaze.]Color added while retaining the original linework and letteringFigure 5.31 Pathways for conjugate vertical gaze.
The pupillary light reflex pathway begins in the retina and passes through the optic nerve, chiasm, and optic tract to the pretectal nucleus without synapsing in the lateral geniculate body. The pretectal nuclei lie immediately anterior to the superior colliculi and communicate across the posterior commissure. Fibers then pass to both Edinger–Westphal nuclei, whose parasympathetic fibers accompany the oculomotor nerves to the iris (Figure 5.32), causing pupillary constriction. Shining light into one eye causes both pupils to constrict simultaneously and equally. A pineal tumor compressing the pretectal area produces dilated pupils unreactive to light.

[image: Figure 5.32 The pupillary light reflex pathway, controlled by the parasympathetic nervous system.]Color added while retaining the original linework and letteringFigure 5.32 The pupillary light reflex pathway, controlled by the parasympathetic nervous system.
Both eyes can still turn medially to view a near object (convergence) because the convergence center, or nucleus of Perlia, lies deep in the midline between the posterior parts of the two oculomotor nuclei. It is therefore usually spared by a pineal tumor unless the tumor is large. At that stage, upward gaze, downward gaze, and convergence are all lost.

Diplopia may initially be experienced as blurred or indistinct vision because vertical gaze impairment is unequal between the eyes and pupillary dilatation prevents good focus. The double images are vertically separated. Alternatively, diplopia may result from abducens nerve dysfunction due to raised intracranial pressure, in which case the images are horizontally separated (horizontal diplopia). Compression of the oculomotor nucleus can also cause diplopia, but this is uncommon because the nucleus lies deep.

Some patients have upward vertical nystagmus early in the loss of vertical gaze; it disappears once upward gaze paralysis is complete. Pineal tumors may also cause convergence spasm and nystagmus retractorius.(38) Both globes retract rapidly and return slowly to their normal position. Greater activity of the medial recti also produces convergence.

2. Raised intracranial pressure. Tumor compression of the aqueduct of Sylvius beneath the quadrigeminal plate causes obstructive hydrocephalus. Patients develop headache, vomiting, blurred vision, papilledema, and diplopia from abducens nerve palsy, with drowsiness late in the disease. Raised intracranial pressure often occurs early and precedes other manifestations because the aqueduct is a very narrow CSF passage closely adjacent to the pineal gland. Some patients have bitemporal hemianopia caused by compression of the optic chiasm by an enlarged third ventricle (Figure 3.57).

3. Deafness. This occurs when a very large pineal tumor extends downward to compress the inferior colliculi, auditory relay stations in the midbrain. Auditory signals pass along the cochlear nerves to the dorsal and ventral cochlear nuclei on both sides, then through the lateral lemnisci to the inferior colliculi, onward to the medial geniculate bodies, and finally to the temporal cortex. The inferior colliculi thus have bilateral innervation (Figure 5.7), and their compression causes bilateral deafness. Some patients have tinnitus before becoming deaf, sometimes with dizziness.

4. Gait ataxia. A large pineal tumor extending downward and backward may compress the cerebellar vermis and superior cerebellar peduncle, causing an unsteady gait. This generally occurs late, when intracranial pressure is markedly elevated. If gait ataxia occurs without prominent Parinaud’s syndrome, a posterior fossa tumor may be suspected instead.

5. Endocrine changes. As noted above, some patients have precocious puberty: the genitalia develop earlier than expected for age and acquire an adult appearance, pubic and axillary hair develops, and the voice breaks (Figure 5.19). These changes do not occur in every patient and remain inadequately explained.

A pineal tumor may grow or seed into the third ventricle, or an ectopic pinealoma may occur there. Compression of the hypothalamus, optic chiasm, and infundibulum then produces the hypothalamic manifestations described above and bitemporal hemianopia.
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CEREBELLUM

The cerebellum lies in the posterior fossa behind the fourth ventricle and brainstem, covered superiorly by the tentorium cerebelli. Its two main components are the midline vermis and the two cerebellar hemispheres. The primary fissure divides it into anterior and posterior lobes. Behind the posterior lobes on both sides lies the flocculonodular lobe.

The flocculonodular lobe is also called the vestibulocerebellum (archicerebellum) because it communicates with the vestibular system, which is concerned with balance. It also receives impulses from brain regions involved in eye movements.(39, 40)

The vermis (paleocerebellum) is sometimes called the spinocerebellum because it receives most of its input from the spinal cord through spinocerebellar afferents. It is concerned with equilibrium and posture.

The cerebellar hemisphere (neocerebellum) is sometimes called the pontocerebellum because most of its fibers arrive from the pons. It sends fibers to the thalamus and cerebral cortex and is concerned with motor coordination.

Within the cerebellar white matter are groups of gray-matter cells forming the dentate, fastigial, globose, and emboliform nuclei. The dentate nucleus is the largest and lies near the midline. The fastigial nucleus lies close to the midline beneath the vermis, or on the roof of the fourth ventricle. The globose and emboliform nuclei, collectively called the nucleus interpositus, lie between these two nuclei.

The cerebellum connects with the brainstem through three cerebellar peduncles (Figure 5.33): the inferior cerebellar peduncle (restiform body), middle cerebellar peduncle (brachium pontis), and superior cerebellar peduncle (brachium conjunctivum). Afferent fibers from various parts of the CNS enter through these peduncles. Most efferent fibers leave through the superior cerebellar peduncle; a smaller number leave through the juxtarestiform body, the medial part of the restiform body.

[image: Figure 5.33 Cerebellar peduncles.A. Lateral view.B. Superior view, showing only the right cerebellar hemisphere.]Color added while retaining the original linework and letteringFigure 5.33 Cerebellar peduncles.
A. Lateral view.
B. Superior view, showing only the right cerebellar hemisphere.
Inferior cerebellar peduncle. This connects the cerebellum with the spinal cord and medullary centers, carrying the following afferent fibers:

	The dorsal spinocerebellar tract begins in the dorsal nucleus of Clarke in spinal cord segments L₃–C₈ and enters the cerebellum to terminate in the vermis.(41) It carries impulses from stretch, touch, and pressure receptors, providing proprioceptive and exteroceptive information for coordination of standing and individual limb muscle movements.
	The cuneocerebellar tract. Because the column of Clarke is absent above C8, cervical spinal nerve fibers entering the cord ascend ipsilaterally in the fasciculus cuneatus. Impulses then reach the accessory cuneate nucleus in the medulla, analogous to the dorsal nucleus of Clarke. Its cells give rise to the cuneocerebellar tract, which carries proprioceptive information from the arm and neck to the cerebellum.
	The vestibulocerebellar tract begins in the vestibular nerve root and vestibular nuclei, sending fibers to the flocculonodulus, uvula, and paraflocculus. It conveys information from vestibular receptors on both sides to the cerebellum for balance.
	The olivocerebellar tract begins in the inferior olivary nucleus and sends fibers to all parts of the opposite cerebellar cortex, conveying somatosensory information from the contralateral inferior olivary nucleus to the cerebellum.
	The reticulocerebellar tract begins in the lateral reticular nucleus of the medulla and terminates in the vermis.


The important efferent fibers passing through the restiform body are cerebellovestibular, fastigiobulbar, and cerebello-olivary fibers, located in the juxtarestiform body.

Middle cerebellar peduncle, or brachium pontis. The largest of the three peduncles, it connects the cerebellum with the pons and cerebral cortex. Most afferent fibers belong to the pontocerebellar tract, arising from pontine cells. The cerebellum communicates with the cerebral cortex through the cerebropontocerebellar pathway. This begins in the frontal, temporal, parietal, and occipital cortices, conveys impulses to the pons, and then relays them through the pontocerebellar tract to the opposite cerebellar hemisphere.

Superior cerebellar peduncle, or brachium conjunctivum. This consists mainly of cerebellar efferent fibers. Fibers from the cerebellar cortex pass to the cerebellar nuclei, chiefly the dentate nucleus. Dentate efferents then pass through the superior cerebellar peduncle to the contralateral red nucleus and ventrolateral thalamic nucleus through the dentorubral and dentothalamic tracts, respectively.

The cerebellum is therefore concerned not only with equilibrium and muscle tone but also with integrating and coordinating muscular activity to produce smooth, accurate intended movements. Cerebellar dysfunction from any cause produces the following manifestations:

	Asynergy: muscle groups fail to act in coordination, preventing smooth, accurate movement, particularly fine tasks. Examination reveals dysmetria (inaccurate judgment of movement range) and dysdiadochokinesia (inability to alternate pronation and supination of the hand).
	Hypotonia: reduced muscle tone and rapid fatigability.
	Intention tremor: the hand trembles during an intended action but not at rest.
	Unsteady gait and leaning. Destruction of one cerebellar hemisphere causes the head and body to lean toward the affected side when standing, with veering and falling toward that side when walking. A vermian lesion prevents stable sitting or standing, causing forward or backward falls or a staggering, broad-based gait.


5. Nystagmus and ocular deviation. Nystagmus is the most frequent finding in cerebellar lesions and indicates damage to the vestibulocerebellar pathway. The cerebellar hemisphere and nuclei are important in maintaining conjugate gaze toward the ipsilateral side, while the vermis helps maintain vertical gaze. Destruction of one hemisphere prevents sustained conjugate gaze toward that side. The eyes drift slowly back toward the midline, then rapidly return to the intended target, producing jerky nystagmus. Clinically, most cases are horizontal nystagmus, with the fast component toward the lesion.

A unilateral cerebellar hemispheric lesion also causes the eyes at rest, or during attempted straight-ahead gaze, to deviate approximately 10–30° toward the unaffected side because conjugate gaze toward the affected side is impaired.(42)

6. Speech abnormalities. Speech becomes slow and irregular because the muscles involved in articulation do not act in coordination.

Localizing symptoms and signs of cerebellar tumors

The manifestations may be divided into two groups:

1. Midline tumors. These destroy the vermis and flocculonodular lobe, where vestibular fibers terminate, and therefore resemble vestibular system disease. The midline vermis is important in controlling the head, neck, and trunk. A tumor here impairs their coordination, producing characteristic truncal ataxia (Figure 5.34). Patients cannot sit or stand upright, fall forward or backward, and cannot hold the neck and head upright. They stagger like an intoxicated person when walking and, if severely affected, cannot sit up at all. Dizziness is common, but nystagmus is uncommon unless the tumor extends into a cerebellar hemisphere, in which case ipsilateral cerebellar signs also occur.

[image: Figure 5.34 Truncal ataxia in a patient with a vermian tumor. The patient cannot sit upright and falls backward.]Figure 5.34 Truncal ataxia in a patient with a vermian tumor. The patient cannot sit upright and falls backward.
A large vermian tumor may compress the brainstem, particularly the midbrain, producing a cerebellar fit: opisthotonos, rigid extension of both arms and legs, and backward arching of the head. Some patients remain conscious while others do not (Figure 4.31). The term “cerebellar fit” is actually inaccurate because the cerebellum itself does not cause seizures; the phenomenon is more likely due to brainstem dysfunction. Some tumors in this region compress the posterior midbrain at the quadrigeminal plate, causing vertical gaze palsy resembling Parinaud’s syndrome, as described above. This is a false localizing sign.

Vermian tumors commonly produce raised intracranial pressure relatively early because they lie very close to the fourth ventricle and can readily obstruct its inlet and outlets. Headache, vomiting, blurred vision, and papilledema are prominent. Young children develop enlargement of the head and separation of the cranial sutures.

2. Cerebellar hemispheric tumors. These produce cerebellar dysfunction in the ipsilateral limbs. Use of the arm and hand is clumsy, with hypotonia and drift toward the tumor side when the arm is extended. Dysmetria, intention tremor, and dysdiadochokinesia occur. The patient walks with the legs spread apart and veers or falls toward the tumor side (Figure 5.35). Unsteadiness is particularly evident when standing with the eyes closed or walking heel-to-toe in a straight line.

[image: Figure 5.35 Broad-based gait adopted to maintain balance in a patient with a left cerebellar hemispheric tumor. Note the veering to the left.]Figure 5.35 Broad-based gait adopted to maintain balance in a patient with a left cerebellar hemispheric tumor. Note the veering to the left.
[image: Figure 5.36 A 5-year-old patient with a large cerebellar cystic tumor and tonsillar herniation, causing arching of the back and backward bending of the neck (A). B shows the normal posture after tumor removal.]Figure 5.36 A 5-year-old patient with a large cerebellar cystic tumor and tonsillar herniation, causing arching of the back and backward bending of the neck (A). B shows the normal posture after tumor removal.
Nystagmus is present in nearly every case and is horizontal, with the quick phase toward the affected side and the slow phase toward the midline.

Sometimes a cerebellar hemispheric tumor produces relatively few signs despite its size, particularly when slowly growing, presumably because adaptation has occurred.

In addition to cerebellar signs, a cerebellar tumor may extend to compress ipsilateral cranial nerves V–XII. Involvement of V, VI, VII, and VIII is more common than involvement of IX, X, XI, and XII, although cranial nerve manifestations are uncommon with cerebellar tumors.

Some children develop meningism with neck and occipital pain because the tumor and cerebellar tonsils herniate through the foramen magnum, irritating the cervical nerve-supplied dura of the posterior fossa. The neck becomes stiff, the head tilts backward and may rotate slightly to one side, and opisthotonic arching of the back is frequent (Figure 5.36).

Original pages 326–327
Fourth ventricle

Tumors arising within the fourth ventricle itself produce raised intracranial pressure relatively early because they obstruct CSF flow. Patients have headache, vomiting, blurred vision, and papilledema. Vomiting is more frequent than with tumors elsewhere because the vomiting center in the medulla is affected. Headache usually begins early in the occipital and neck regions, sometimes with neck stiffness, and later becomes generalized as intracranial pressure rises markedly. Abducens nerve palsy may accompany the raised pressure. A large tumor compressing the vermis causes truncal ataxia, with inability to maintain balance and forward or backward falls; cerebellar hemispheric manifestations may be slight. Compression of the fourth ventricular floor, formed by the posterior pons, may impair cranial nerve function. The sixth and seventh nerves have been affected in cases encountered by the author.

Some tumors originate in the floor of the fourth ventricle or the vermis above and then grow into the ventricle. Manifestations of the site of origin appear first; for example, a vermian tumor produces truncal ataxia followed by raised intracranial pressure.

Original pages 327–338
BRAINSTEM

Anatomically, the brainstem comprises the midbrain, pons, and medulla. These three regions have similar components: four important groups of nuclei and five important groups of fibers (Figures 5.37 and 5.38).

[image: Figure 5.37 Important brainstem structures whose destruction by a brainstem tumor produces detectable symptoms and signs.]Color added while retaining the original linework and letteringFigure 5.37 Important brainstem structures whose destruction by a brainstem tumor produces detectable symptoms and signs.
[image: Figure 5.38 Important brainstem structures whose destruction by a tumor produces detectable symptoms and signs (superior view).]Color added while retaining the original linework and letteringFigure 5.38 Important brainstem structures whose destruction by a tumor produces detectable symptoms and signs (superior view).
The important nuclei are as follows:

1. Cranial nerve nuclei. These are the sensory and motor nuclei of cranial nerves III–XII. The midbrain contains nuclei III and IV; the pons contains V, VI, VII, and VIII; and the medulla contains IX, X, XI, and XII. Their locations are important for tumor localization, as discussed below.

2. Sensory tract relay nuclei. The cuneate and gracile nuclei in the medulla are concerned with somatic sensation. The inferior colliculus and medial geniculate body in the midbrain are concerned with hearing, as are the superior olivary and trapezoid nuclei in the pons. The superior colliculus is concerned with vision and eye movements.

3. Motor tract relay nuclei. These include the pretectal area, concerned with the pupil and oculomotor system; the red nucleus, connected with the cerebral cortex and cerebellum; the reticular formation nuclei, similarly connected with the cortex and cerebellum; and the vestibular nuclei, concerned with the cerebellum and equilibrium.

4. Cerebellar relay nuclei. These include the inferior olivary, pontine, and red nuclei.

The important fibers are as follows:

1. Cranial nerves. These emerge from their nuclei. Most cranial nerves—V, VII, VIII, IX, X, XI, and XII—leave the brainstem inferolaterally. Nerves III and VI emerge inferiorly. Nerve IV is unusual in emerging superiorly and crossing to the opposite side.

The oculomotor nerve (III) supplies all extraocular and intrinsic ocular muscles except the superior oblique and lateral rectus.

The trochlear nerve (IV) supplies the superior oblique muscle.

The abducens nerve (VI) supplies the lateral rectus muscle.

The sensory root of the trigeminal nerve (V) receives sensation from the face and head. Its motor root supplies the muscles of mastication. The mesencephalic tract receives proprioceptive input from the jaw and ocular muscles; the spinal descending tract receives sensation from the face and head.

The motor root of the facial nerve (VII) supplies facial muscles, and its intermediate root provides parasympathetic innervation to facial glands.

The acoustic nerve (VIII) comprises the vestibular nerve for balance and the cochlear nerve for hearing.

The glossopharyngeal nerve (IX) receives sensation from the pharynx.

The vagus nerve (X) supplies the pharyngeal and laryngeal muscles and provides parasympathetic innervation to thoracic and abdominal organs.

The accessory nerve (XI) supplies the trapezius and sternocleidomastoid muscles, with a small contribution to the pharyngeal muscles.

The hypoglossal nerve (XII) supplies the tongue muscles.

2. Important sensory tracts

The spinothalamic tract conveys pain and temperature sensation from the spinal cord to the thalamus.

The medial lemniscus conveys somatic sensation to the thalamus and parietal cortex.

The trapezoid body, lateral lemniscus, and brachium of the inferior colliculus are concerned with hearing.

3. Clinically important motor tracts

The corticopontine tract runs from the cerebral cortex to the pons. The corticospinal tract consists of fibers from the motor cortex to the spinal cord and controls movement of the body’s muscles.

The rubrospinal tract is associated with the red nucleus and regulates muscle tone.(41)

The vestibulospinal tract is concerned with vestibular function.

4. Cerebellar projections. Clinically important projections include the middle cerebellar peduncle, or brachium pontis, associated with the cerebral cortex.

The restiform body, or inferior cerebellar peduncle, is associated with spinal cord function.

The superior cerebellar peduncle, or brachium conjunctivum, carries efferent fibers from the cerebellum to the red nucleus and thalamus.

The juxtarestiform body, the medial portion of the restiform body, connects the cerebellum with the brainstem.

5. Intrinsic fiber systems. The clinically important medial longitudinal fasciculus connects the oculomotor and vestibular nuclei.

Symptoms and signs of brainstem tumors

Based on the anatomy described above, the manifestations of an intrinsic brainstem tumor can be divided into five groups according to the structures destroyed:

	Dysfunction of one or more cranial nerves from III to XII, depending on tumor location.
	Corticospinal tract dysfunction, causing hemiparesis with unilateral damage or quadriparesis with bilateral damage.
	Long sensory tract dysfunction, causing hemianesthesia or hemihypesthesia.
	Dysfunction of internuclear or supranuclear tracts within or entering the brainstem.
	Dysfunction of cerebellar pathways entering the pons and medulla or leaving the cerebellum for the midbrain and thalamus.


The key diagnostic pattern is progressively worsening contralateral spastic hemiparesis, with hemianesthesia or hemihypesthesia, accompanied by ipsilateral cranial nerve dysfunction. One or several cranial nerves may be affected. This crossed paralysis is an important diagnostic sign of a brainstem lesion, and the nerves involved indicate tumor location: III and IV indicate the midbrain; V, VI, VII, and VIII indicate the pons; IX, X, XI, and XII indicate the medulla. As the tumor enlarges and crosses the midline, it destroys corresponding structures on the opposite side, producing bilateral cranial nerve and long tract deficits. In the author’s experience, however, the manifestations are not equal or identical on the two sides. Large tumors may produce rigid extension of both arms and legs (Figure 7.39), resembling decerebrate rigidity, while consciousness may remain unchanged until late in the disease.

Brainstem tumors usually do not cause raised intracranial pressure, except for midbrain tumors, which can cause it early because the narrow aqueduct of Sylvius is easily obstructed. Pontine and medullary tumors generally grow along the brainstem fibers rather than into the ventricle; furthermore, brainstem dysfunction prompts patients to seek medical attention early. Nevertheless, raised intracranial pressure may develop late.

Tumors in different parts of the brainstem produce different manifestations, described separately below.

Midbrain. The midbrain comprises the tectum, tegmentum, and basis pedunculi. The tectum, or quadrigeminal plate, lies above the aqueduct of Sylvius and includes the superior colliculus, concerned with eye movements and containing the upward conjugate gaze center, and the inferior colliculus with its adjacent brachium, concerned with hearing. The pretectal area anterior to the superior colliculus is concerned with pupillary function.

On the inferior surface of the midbrain are the two cerebral peduncles, containing corticospinal, corticobulbar, and frontopontine tracts. Between them lies the interpeduncular fossa, where the oculomotor nerves emerge. Above the peduncles, within the tegmentum, lie the substantia nigra and red nucleus. Oculomotor fibers pass through this region, and fibers of the brachium conjunctivum terminate here. Laterally within the tegmentum lie the medial lemniscus and lateral spinothalamic tract, conveying sensation to the thalamus.

At the level of the superior colliculus, beneath the periaqueductal gray, lie the oculomotor nuclei and medial longitudinal fasciculus (MLF). Oculomotor fibers pass through the red nucleus to emerge in the interpeduncular fossa. At the inferior collicular level lies the trochlear nucleus. Its fibers curve around to emerge from the posterior brainstem on the side opposite their nucleus, behind the inferior colliculus, and supply the superior oblique muscle. Near the inferior colliculus are the downward conjugate gaze and convergence centers, controlling downward gaze and inward gaze respectively.

Symptoms and signs of midbrain tumors

Tumors of the tectum or quadrigeminal plate produce Parinaud’s phenomenon, as do pineal tumors: loss of upward conjugate gaze and dilated pupils unreactive to light, due to dysfunction of the superior colliculi and pretectal area (Figures 5.39 and 5.30). Extension destroying the inferior colliculi and lateral lemnisci causes tinnitus and bilateral deafness, together with loss of downward gaze and convergence, so the patient cannot look down or focus on a near object. Destruction of the oculomotor and trochlear nuclei produces diplopia, ptosis, and complete ophthalmoplegia except for the lateral rectus muscles supplied by the abducens nerves. Raised intracranial pressure occurs relatively early because the aqueduct becomes obstructed (Figure 5.39.1).

A tegmental tumor destroying the red nucleus, oculomotor fibers, medial lemniscus, and superior cerebellar peduncle produces contralateral limb tremor and ataxia together with ipsilateral oculomotor palsy. Contralateral sensory loss may occur from medial lemniscal damage (Benedikt’s syndrome; Figure 5.39.2).

A tumor originating in the cerebral peduncle produces contralateral spastic hemiparesis with ipsilateral oculomotor palsy (Weber’s syndrome; Figure 5.39.3).

[image: Figure 5.39 Tumors in different parts of the midbrain.A tectal tumor produces Parinaud’s syndrome.A tegmental tumor produces Benedikt’s syndrome.A tumor of the basis pedunculi produces Weber’s syndrome (see text for details).]Color added while retaining the original linework and letteringFigure 5.39 Tumors in different parts of the midbrain.	A tectal tumor produces Parinaud’s syndrome.
	A tegmental tumor produces Benedikt’s syndrome.
	A tumor of the basis pedunculi produces Weber’s syndrome (see text for details).


Midbrain tumors may extend to both sides, producing bilateral long tract and cranial nerve manifestations, usually of unequal severity.

PONS AND MEDULLA. The pons contains cranial nerves V, VI, VII, and VIII; the medulla contains IX, X, XI, and XII. Clinically important fibers include the corticospinal and corticobulbar tracts; pontocerebellar fibers through the brachium pontis; the medial longitudinal fasciculus (MLF) for eye movements; the medial lemniscus and spinothalamic tract for sensation; the lateral lemniscus for hearing; and the restiform body, or inferior cerebellar peduncle.

In addition to these cranial nerve nuclei, the pons contains a horizontal gaze center on each side near the abducens nucleus. Each center coordinates lateral movement of both eyes toward its own side. It sends fibers directly to the ipsilateral abducens nucleus and through the MLF to the medial rectus portion of the contralateral oculomotor nucleus. Each pontine center receives impulses from the opposite cerebral hemisphere and relays them to the ipsilateral lateral rectus nucleus and contralateral medial rectus nucleus (Figure 5.40). Destruction of one center prevents both eyes from turning toward the lesion; the eyes deviate to the opposite side. If the corticospinal tract is also destroyed, the eyes look toward the side of hemiparesis.

[image: Figure 5.40 Connections between the frontal eye field and lateral pontine gaze center for conjugate lateral gaze, with the medial longitudinal fasciculus connecting the abducens and oculomotor nuclei.]Color added while retaining the original linework and letteringFigure 5.40 Connections between the frontal eye field and lateral pontine gaze center for conjugate lateral gaze, with the medial longitudinal fasciculus connecting the abducens and oculomotor nuclei.
The medial longitudinal fasciculus (MLF) is another structure whose dysfunction produces detectable signs. It lies beside the midline and, at the midbrain level, close to the oculomotor nucleus. It is clearly identifiable from the oculomotor to the vestibular nuclear region. Most MLF fibers originate in the vestibular nuclei. This tract links cranial nerves III, IV, and VI with one another and with the vestibular nuclei, and also connects the pontine lateral conjugate gaze center to the oculomotor nucleus. Tumor destruction of the MLF causes internuclear ophthalmoplegia, discussed below.

Symptoms and signs of pontine and medullary tumors

Most tumors in this region originate in the pons and extend into the medulla; primary medullary tumors are very rare. Common early manifestations are diplopia and lower motor neuron facial weakness because the closely adjacent abducens and facial nerves and nuclei are destroyed. Later, horizontal conjugate gaze toward the tumor is lost and the eyes look away from it, an important localizing finding for a pontine tumor. In the author’s experience, this contralateral eye deviation persists and does not subsequently return to normal as may occur with frontal eye field lesions. Pontine tumors impair horizontal but not vertical conjugate gaze because the vertical gaze center lies in the midbrain. However, extension into the midbrain (Figure 3.23) can also impair vertical gaze.

Tumor damage to the MLF produces internuclear ophthalmoplegia. The characteristic findings are failure of the ipsilateral medial rectus during gaze toward the opposite side and horizontal nystagmus in the contralateral abducting eye.(43, 44) For example, on attempted rightward gaze, the right lateral rectus functions normally and the right eye turns right, but the left medial rectus fails to act despite no actual palsy of that muscle. The left eye remains in the primary position, yet convergence is preserved. Horizontal nystagmus is greater in the right eye than in the left; this asymmetry is another indication of an MLF or brainstem lesion. With progression, both horizontal and vertical nystagmus occur and internuclear ophthalmoplegia becomes bilateral. Vertical nystagmus is an important sign indicating a lesion within the brainstem; it is not found with lesions outside it and may therefore help distinguish these locations.

Failure of the medial rectus in internuclear ophthalmoplegia may be accompanied by other findings, depending on the location of MLF damage. Cogan(44) divided MLF lesions into three locations:

	Posterior MLF lesions (medullary portion): convergence remains normal. Attempted lateral gaze produces nystagmus and sometimes paresis of the lateral rectus as well as the medial rectus.
	Anterior MLF lesions (midbrain portion): convergence is absent or diminished in both eyes, without lateral rectus dysfunction. Nystagmus persists on lateral gaze but is less conspicuous than with posterior MLF lesions.
	MLF lesions intermediate between sites i and ii produce the characteristic internuclear ophthalmoplegia described above. Thus, finding internuclear ophthalmoplegia indicates a tumor or lesion within the brainstem.


When the tumor enlarges to destroy the trigeminal and acoustic nerves and their nuclei, patients develop facial numbness, loss of the corneal reflex (V), and hearing loss (VIII), which may be unilateral or bilateral.

Medullary tumors impair cranial nerves IX, X, XI, and XII, causing vomiting, hiccups, progressive hoarseness, and choking when swallowing food or liquids, often resulting in aspiration pneumonia. Examination shows abnormal gag reflex, uvular movement, and vocal cord function. The tongue is paralyzed and atrophic, with fasciculations, and deviates toward the affected side on protrusion. Medullary tumors generally do not weaken the sternocleidomastoid and trapezius because these muscles receive most of their innervation from cervical nerves.

Spastic hemiparesis is commonly encountered with pontine and medullary tumors because the corticospinal tract in the lower pons is destroyed. Pontocerebellar fibers are also damaged, so gait ataxia may accompany limb weakness. Some patients have bilateral limb weakness, but its severity is unequal. Late in the disease, both sides may show rigid extension. Hemisensory loss accompanies the hemiparesis.

Original pages 338–343
CEREBELLOPONTINE ANGLE

The cerebellopontine angle is another common site of tumors. It contains several important structures whose involvement produces localizing symptoms and signs.

The C-P angle is bounded superiorly by the cerebellar hemisphere, medially by the pons, and anteriorly and laterally by the dura over the temporal bone.

Important structures in this region include the cerebellum, middle cerebellar peduncle, brainstem, cranial nerves IV–XI, and arteries and veins: the vertebrobasilar artery, superior cerebellar artery, anterior inferior cerebellar artery, posterior inferior cerebellar artery, petrosal sinus, cerebellar and pontine veins, and sigmoid sinus. The cerebrospinal fluid pathways include the aqueduct of Sylvius, fourth ventricle, and basal cistern.

The trochlear nerve (N IV) emerges from the dorsal midbrain behind the inferior colliculus and runs beneath the tentorium to supply the superior oblique muscle of the eye. During a transtentorial approach, every effort must be made to identify N IV.

The trigeminal nerve (N V) emerges from the lateral pons anterior to the facial and acoustic nerves and passes to Meckel’s cave at the middle of the petrous ridge. Meckel’s cave contains the Gasserian ganglion of the sensory root. Three divisions arise from this ganglion: i) the ophthalmic division receives sensation from the forehead, upper eyelid, and cornea; ii) the maxillary division receives sensation from the cheek, nose, and upper lip; iii) the mandibular division receives sensation from the chin, the inside of the mouth and tongue, and part of the ear.

The motor root runs beneath the sensory root and joins the mandibular division to supply the muscles of mastication (masseter, pterygoids, and temporalis).

The sensory nucleus and descending tract in the pons lie near its lateral surface and may be compressed by a C-P angle tumor.

The abducens nerve (N VI) emerges ventrally at the pontomedullary junction and runs along the underside of the pons into the cavernous sinus and superior orbital fissure to supply the lateral rectus muscle.

The facial nerve (N VII) emerges from the lateral pons close to the acoustic nerve and passes to the internal auditory canal. It lies anterior and inferior to the acoustic nerve and supplies the facial muscles and platysma.

The nervus intermedius is the part of the facial nerve that runs between the facial and acoustic nerves. It has two functions: sensory and parasympathetic. It carries pain and touch sensation from the ear, particularly the external auditory canal, and taste from the anterior two-thirds of the tongue via the chorda tympani. The ganglion of its sensory root is the geniculate ganglion. Its parasympathetic function controls secretion from the lacrimal and submaxillary glands.

The acoustic nerve (N VIII) has two components: the cochlear component for hearing and the vestibular component for balance. The vestibular nerve begins at Scarpa’s ganglion, which receives impulses from the hair cells of the semicircular canals, saccule, and utricle. It then enters the vestibular nuclei at the pontomedullary junction. These nuclei connect with many structures, including the MLF, cerebellum, spinal cord, and contralateral vestibular nuclei. These connections provide balance, changes in posture, and movements of the eyes, head, and neck. The cochlear nerve begins at the spiral ganglion and runs alongside the vestibular nerve to the cochlear nuclei in the brainstem, serving hearing.

The glossopharyngeal (N IX) and vagus (N X) nerves are related cranial nerves with similar functions. Both have motor and autonomic nuclei in the medulla and carry exteroceptive, general, and visceral sensations into the brainstem. They emerge from the medulla slightly below N VIII and pass into the jugular foramen together with the accessory nerve (N XI).

The motor component of N IX supplies the pharyngeal, soft-palate, and stylopharyngeus muscles involved in swallowing. Autonomic efferent fibers arise from the inferior salivatory nucleus and pass as preganglionic fibers to the otic ganglion. Postganglionic fibers then supply the parotid gland and stimulate salivary secretion. The sensory branch carries pain and temperature sensation from the posterior part of the tympanic membrane and the external auditory canal. General visceral sensory fibers receive sensation from the mucosa of the pharyngeal wall, uvula, tonsil, and posterior third of the tongue. It also carries special visceral sensation—taste—from the posterior third of the tongue. The fibers terminate in the nucleus of the fasciculus solitarius.

The vagus nerve (N X) has motor fibers from the nucleus ambiguus supplying the muscles of the soft palate, pharynx, and larynx (vocal cords). Its parasympathetic or visceromotor component begins at the dorsal efferent nucleus and sends postganglionic fibers to control the heart, gastrointestinal tract, and respiratory tract. The sensory fibers have cell bodies in the jugular ganglion and ganglion nodosum below the jugular foramen. They carry visceral sensation from the pharynx, larynx, bronchi, and abdominal viscera into the tractus solitarius in the medulla. There is also a component carrying sensation from the external ear.

The spinal accessory nerve (N XI) is a motor cranial nerve with two origins, one in the medulla and the other in the spinal cord. The medullary component arises from the nucleus ambiguus. After emerging from the medulla, it joins the spinal component, whose fibers arise from motor cells in the anterior horn from the fifth cervical segment upward to the medulla. N XI then enters the jugular foramen with N IX and N X to supply the sternocleidomastoid and trapezius muscles.

The hypoglossal nerve (N XII) arises from the hypoglossal nucleus in the medulla. It is a motor nerve supplying the muscles of the tongue on the same side.

Symptoms and signs of cerebellopontine angle tumors

The anatomy described above shows that tumors in this region produce signs of cranial nerve, brainstem, and cerebellar dysfunction, as well as obstruction of cerebrospinal fluid flow (Figure 5.41).

[image: Figure 5.41 Structures compressed and displaced by a tumor in the cerebellopontine angle.]Color added while retaining the original linework and letteringFigure 5.41 Structures compressed and displaced by a tumor in the cerebellopontine angle.
1. Symptoms of cranial nerve dysfunction are important from the earliest stage because most tumors in this region are extra-axial. They compress the portions of the cranial nerves outside the brain, which therefore produce the first symptoms. Additional cranial nerves become involved as the tumor enlarges. Brainstem and cerebellar symptoms develop later, when the mass is very large. Whatever the tumor type, the nerve from which it arises or the nerve nearest it will produce symptoms first. The most common C-P angle tumor is acoustic neurinoma, followed by meningioma, trigeminal neurilemmoma, and others.

Tumors of the acoustic nerve begin in the vestibular nerve. The initial symptom is therefore dizziness related to balance, followed by tinnitus and progressively diminishing hearing on the side of the tumor until deafness develops. These are important early symptoms of acoustic nerve tumors, and the physician must make a particular effort to elicit them in the history. Dizziness is usually mild and does not cause severe spinning vertigo. The tinnitus varies: some patients describe buzzing, while others hear a bell-like sound. It is intermittent rather than continuous, and in most cases its timing is irregular. Patients describe progressively declining hearing until they can hear nothing on the affected side. Some do not realize they have lost hearing until they use the telephone.

As the tumor subsequently enlarges, it compresses adjacent cranial nerves, including N V, VII, IX, X, and XI. N V and N VII are most commonly affected. In some patients, N V symptoms occur before those of N VII. There is numbness or paresthesia on the side of the face ipsilateral to the tumor. A few patients report pain in the distribution of N V and may be mistaken for cases of trigeminal neuralgia. When N V is compressed, the corneal reflex is diminished or absent. Although N VII lies close to the acoustic nerve, facial weakness is uncommon unless the tumor is very large. A few patients present with facial twitching. The earliest sign of N VII dysfunction is loss of taste over the anterior two-thirds of the tongue, indicating compression of the nervus intermedius of N VII(45). N IX and N X dysfunction is uncommon unless a large mass extends downward and compresses both nerves, causing dysphagia and hoarse, indistinct speech.

2. Symptoms caused by cerebellar and brainstem dysfunction. A large tumor compresses the cerebellar hemisphere, nuclei, and peduncle, causing an unsteady gait and incoordination. Cerebellar signs are found in the ipsilateral limbs, together with nystagmus. At the same time, compression of the corticospinal tract in the pons causes contralateral spastic hemiparesis.

3. In the final stage, raised intracranial pressure results from obstruction of cerebrospinal fluid flow at the fourth ventricle and basal cistern. The patient develops headache, blurred vision, vomiting, and progressively worsening consciousness, eventually leading to death.

When a tumor arises from another cranial nerve, loss of that nerve’s function occurs first. For example, an N V tumor causes facial numbness or paresthesia, impairment of the corneal reflex, and dysfunction of the muscles of mastication early in its course. Other cranial nerves become affected later. The history is therefore important in identifying the original site of the tumor. As the mass enlarges, it compresses the brainstem, cerebellum, and other cranial nerves, just as an acoustic nerve tumor does.

Original pages 343–344
JUGULAR FORAMEN

As noted above, the jugular foramen is the exit for N IX, X, and XI. A tumor here therefore impairs all three cranial nerves. The patient has difficulty swallowing, hoarse and indistinct speech, vocal cord paralysis, and loss of taste and general sensation in the posterior third of the tongue. Sensation is also lost in the soft palate, uvula, pharynx, and larynx. The sternocleidomastoid and trapezius muscles on the side of the tumor become weak and atrophic.

Original pages 344–346
FORAMEN MAGNUM

The foramen magnum is the opening through which the medulla continues into the cervical cord. Two cranial nerves pass through this region: i) the spinal component of the accessory nerve arises from spinal cord levels C1–5 and ascends through the foramen magnum to join the component emerging from the medulla. It then leaves the skull through the jugular foramen to supply the sternocleidomastoid and trapezius muscles. ii) The hypoglossal nerve emerges from the medulla and enters the hypoglossal foramen at the margin of the foramen magnum to supply the ipsilateral tongue muscles. In the lower medulla, the corticospinal tract (pyramid) crosses to the opposite side (decussation). Fibers destined for the arm cross before those destined for the leg and lie lateral to the leg fibers (Figure 5.42). The lateral medulla contains important structures whose dysfunction can be detected clinically: the spinal tract and nucleus of the trigeminal nerve and the spinothalamic tract, which carries pain sensation from the lower body. Posteriorly, the medulla contains the fasciculus cuneatus and fasciculus gracilis, which carry proprioception, vibration, and touch.

[image: Figure 5.42 Pyramidal decussation and a foramen magnum tumor causing hemiplegia cruciata and lower cranial nerve dysfunction.]Color added while retaining the original linework and letteringFigure 5.42 Pyramidal decussation and a foramen magnum tumor causing hemiplegia cruciata and lower cranial nerve dysfunction.
Symptoms and signs of foramen magnum tumors

Most tumors in this region lie outside the medulla and grow to compress it, the cranial nerves, and the upper spinal cord and spinal nerves. Patients present with the following symptoms.

1. Occipital and neck pain is a common initial symptom. It is explained by compression of the C2 spinal nerve, which gives rise to the greater occipital nerve. The pain worsens with changes in head position and movements of the neck. Patients therefore tense their neck and keep their head still.

2. Numbness. As the mass enlarges, contralateral hemihypesthesia or hemianesthesia develops because of compression of the lateral spinothalamic tract. Sensation is also lost on the side of the face ipsilateral to the tumor because the descending spinal tract of the trigeminal nerve is compressed. Paresthesia usually affects the arms more than the legs because the tumor commonly arises lateral or anterolateral to the medulla and displaces the fasciculus cuneatus. Some patients have Lhermitte’s sign: flexion of the head produces an electric-shock sensation extending into the lower body.

3. Spastic weakness. Muscle weakness may take several forms, depending on the tumor’s location. As noted above, motor fibers to the arm and leg do not decussate at the same level. A tumor lateral to the medulla compresses fibers to the ipsilateral arm and contralateral leg, causing weakness of an arm on one side and a leg on the other. This is called hemiplegia cruciata. Some patients describe weakness beginning in an arm and spreading to the leg on the same side, followed by the opposite leg and finally the opposite arm, producing quadriparesis. This pattern is explained by the arrangement of the pyramidal decussation (Figure 5.42).

Atrophy of the hand muscles, particularly the intrinsic muscles, is common. It may suggest a lesion in the part of the cervical cord supplying the arm and hand. The explanation remains uncertain, but ischemia caused by compression of the anterior spinal artery may be responsible(46).

4. Dysfunction of N XI and N XII causes weakness and atrophy of the ipsilateral sternocleidomastoid, trapezius, and tongue muscles. Upward extension of the tumor may compress N IX and N X, causing dysphagia and hoarseness later in the course.

5. Difficulty breathing occurs when a large tumor compresses the respiratory center in the medulla. Associated quadriparesis makes breathing still more difficult.

6. Horizontal nystagmus is found in 25% of patients(47).

7. In the late stage, patients develop raised intracranial pressure because cerebrospinal fluid pathways around the fourth ventricle are obstructed.

Original pages 346–347
CLIVUS

The clivus is the part of the skull base anterior to the brainstem. It extends from the posterior wall of the sella turcica to the anterior margin of the foramen magnum. It is closely related to cranial nerves II–XII, the basilar artery, cerebral peduncle, pons, and medulla.

Symptoms and signs of clival tumors

A tumor in this region compresses several cranial nerves and the corticospinal tract. A tumor in the upper clivus, anterior to the midbrain, causes headache and blurred vision. Compression of the optic chiasm and optic tract produces visual field defects. Compression of the oculomotor, trochlear, and abducens nerves causes extraocular muscle palsy and diplopia. In some cases, extension above the sella causes hypopituitarism. Extension to Meckel’s cave causes ipsilateral facial numbness or pain. Simultaneous compression of the cerebral peduncle in the midbrain causes associated limb weakness.

With a tumor arising in the lower clivus, or extending there from above, headache becomes more severe and is invariably accompanied by neck and occipital pain. Cranial nerves VI–XII may be affected unilaterally or bilaterally. N VI is affected most often because it runs from the lower border of the pons along its underside to the cavernous sinus(48).
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FALSE LOCALIZING SIGNS

In patients with brain tumors, false localizing signs arise from dysfunction of brain regions distant from the tumor rather than from the tissue at its actual location. They therefore cause confusion in determining the true site. Even careful history-taking and repeated examinations may lead to incorrect localization. These signs should be recognized. Those encountered include the following.

1. Dementia. Patients show deterioration in memory, reasoning, judgment, emotion, and personality, resembling a frontal lobe tumor. This dementia results from raised intracranial pressure or hydrocephalus.

2. Frontal lobe sign. The grasp reflex, a frontal lobe sign, may occur with raised intracranial pressure. In these cases it is bilateral and has no localizing value. A unilateral grasp reflex, however, is highly significant for localization.

3. Cranial nerve signs

3.1 Visual field defect. Compression of the optic chiasm by a markedly enlarged third ventricle may occur when a posterior fossa tumor obstructs cerebrospinal fluid flow and causes hydrocephalus. Bitemporal hemianopia may be found.

A supratentorial tumor unrelated to the optic pathways may cause homonymous hemianopia because raised intracranial pressure produces tentorial herniation. The tentorial edge compresses the posterior cerebral artery, causing occipital infarction (Figure 4.27). If the brain tissue has not infarcted, the homonymous hemianopia may disappear after removal of the tumor.

3.2 Oculomotor nerve signs. Ptosis, pupillary dilatation, and extraocular muscle paresis may result from uncal herniation compressing N III. These are important signs requiring prompt removal of the causative tumor before brainstem dysfunction develops.

3.3 Abducens nerve palsy is the most common false localizing sign. Raised intracranial pressure displaces the brainstem downward, stretching the abducens nerve against the petrous ridge. Lateral rectus dysfunction causes inward deviation of the eye. It may be unilateral or bilateral and has no value in localizing the lesion.

3.4 Trigeminal nerve palsy. A tumor outside the brainstem may push it to the opposite side. The contralateral trigeminal nerve is stretched and kinked where it enters Meckel’s cave, causing pain or numbness on the side of the face opposite the tumor(9).

4. Cerebellar signs may occur with supratentorial tumors, such as frontal or temporal lobe tumors, because of damage to frontopontocerebellar or temporopontocerebellar fibers projecting to the cerebellum.

5. Pyramidal tract signs. A supratentorial tumor, particularly in the temporal lobe, displaces the brainstem to the opposite side. The opposite cerebral peduncle is compressed against the tentorial edge, producing hemiparesis ipsilateral to the tumor. This is called Kernohan’s phenomenon.

A tumor causing hydrocephalus may produce paraparesis. Markedly enlarged lateral ventricles compress corticospinal fibers from the leg area of the motor cortex that run close to the lateral ventricular walls. The resulting spastic paraparesis resembles a spinal cord lesion.

6. Conjugate gaze palsy. The quadrigeminal plate may be compressed by the posterior portion of the third ventricle in hydrocephalus, or by the vermis during upward transtentorial herniation caused by a posterior fossa tumor. This produces Parinaud’s phenomenon, resembling the signs of a pineal tumor.

7. Endocrine dysfunction. A tumor elsewhere, unrelated to the pituitary gland, may cause hydrocephalus with marked third ventricular enlargement and produce hypopituitarism. The floor of the enlarged third ventricle presses down on the pituitary gland. At the same time, displacement or ischemia of the hypothalamus causes diabetes insipidus. In longstanding cases, marked enlargement of the pituitary fossa may be visible on X-rays.

8. Neck stiffness may suggest subarachnoid hemorrhage or meningitis. It is frequently found with posterior fossa tumors that cause tonsillar herniation and irritate the dura mater and upper spinal sensory nerves. Some patients experience an electric-shock sensation extending elsewhere in the body when the neck is strongly flexed (Lhermitte’s sign).

9. Paraparesis. Bilateral frontal parasagittal meningiomas cause paraparesis, which is a true localizing sign. It is included here because such patients have sometimes been misdiagnosed as having spinal cord lesions. The distinction is actually straightforward: a brain tumor is associated with raised intracranial pressure, seizures (if present), and absence of a sensory level, unlike a spinal cord lesion.

10. Cerebellar fits consist of arching of the back and neck (opisthotonos) with extensor rigidity of the limbs. They are not localizing signs of the cerebellum, because the cerebellum does not cause seizures. Rather, they indicate brainstem involvement due to a large cerebellar tumor with upward transtentorial herniation of the vermis, compressing the brainstem, particularly the midbrain.
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