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Brainstem I: Surface Anatomy and Cranial Nerves myelin sections in Figures 14.4C and 14.5A. The lateral vestibular nucleus (also called Deiter’s nucleus) gives rise to the lateral vestibulospinal tract, which, despite its name, is part of the medial descending motor systems (see Table 6.3). The lateral vestibulospinal tract extends throughout the length of the spinal cord and is important in maintaining balance and extensor tone (see Figure 6.11D). The medial vestibulospinal tract arises from the medial vestibular nucleus, with additional contributions primarily from the inferior vestibular nucleus. The medial vestibulospinal tract is also a medial descending motor system, but it extends only to the cervical spine and is important in controlling neck and head position. The medial vestibular nucleus is the largest of the vestibular nuclei. The inferior vestibular nucleus is relatively easy to identify on myelin-stained sections because fibers of the lateral vestibular nucleus traverse the inferior vestibular nucleus as they descend toward the spinal cord (see Figure 12.19), giving the inferior vestibular nucleus a characteristic “checkerboard” appearance (see Figure 14.5A). The medial longitudinal fasciculus (MLF) is an important pathway that connects the nuclei involved in eye movements to each other and to the vestibular nuclei (see Figure 12.19). The MLF can be identified in the sections in Figures 14.3–14.5 as a heavily myelinated tract running near the midline on each side, just under the oculomotor and trochlear nuclei in the midbrain, and just under the floor of the fourth ventricle in the midline of the pons. Fibers arising from the medial vestibular nucleus, with additional contributions mainly from the superior vestibular nucleus, ascend in the MLF to the oculomotor, trochlear, and abducens nuclei. This pathway mediates the vestibulo-ocular reflex, in which eye movements are adjusted for changes in head position (see neuroexam.com Video 35). The function of the MLF in interconnecting the abducens and oculomotor nuclei is discussed in Chapter 13. In another commonly used nomenclature, what we have called the MLF is referred to as the ascending MLF, and the medial vestibulospinal tract is referred to as the descending MLF (see Figure 12.19). The vestibular nuclei have numerous important reciprocal connections with the cerebellum. As we will discuss in Chapter 15, vestibular-cerebellar connections occur mainly with the flocculonodular lobes and cerebellar vermis. These regions of the cerebellum are often called the vestibulocerebellum. A small number of primary vestibular sensory neurons bypass the vestibular nuclei and project directly to the vestibulocerebellum. Ascending pathways from the vestibular nuclei relay in the ventral posterior nucleus of the thalamus to reach the cerebral cortex. These pathways are still being investigated in humans; however, one important cortical region for vestibular sensation appears to lie in the parietal association cortex, possibly in Brodmann’s area 5, or in the lateral temporoparietal junction and posterior insula. KEY CLINICAL CONCEPT



12.5 HEARING LOSS (CN VIII) Unilateral hearing loss can be caused by disorders of the external auditory canal, middle ear, cochlea, eighth nerve, or cochlear nuclei (see Figures 12.14 and 12.15). As we have emphasized already, once the auditory pathways enter the brainstem, information immediately crosses bilaterally at multiple levels (see Figure 12.16). Therefore, unilateral hearing loss is not caused by lesions in the central nervous system proximal to the cochlear nuclei. (Disturbances of higher-order auditory processing and auditory hallucinations are described in KCC 19.7 and 19.13.)
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Chapter 12



Hearing



Impaired hearing is usually divided into conductive hearing loss, caused by abnormalities of the external auditory canal or middle ear, and sensorineural hearing loss, usually caused by disorders of the cochlea or eighth nerve. When evaluating a patient for hearing loss, the practitioner should first examine the ears with an otoscope. Hearing can be tested with sounds of different frequencies, such as finger rubbing, whispering, or a ticking watch (see neuroexam.com Video 42). Conductive and sensorineural hearing loss can often be distinguished with a simple 256 Hz or 512 Hz tuning fork (some argue that only 512 Hz or higher is useful for testing hearing). In the Rinne test, air conduction is compared to bone conduction for each ear. We measure air conduction by holding a vibrating tuning fork just outside each ear, and bone conduction by placing a tuning fork handle on each mastoid process (see neuroexam.com Video 42). Normal individuals hear the tone better by air conduction. In conductive hearing loss, bone conduction is greater than air conduction because bone conduction bypasses problems in the external or middle ear. In sensorineural hearing loss, air conduction is greater than bone conduction in both ears (as in normal hearing); however, hearing is decreased in the affected ear. In the Weber test the tuning fork is placed on the vertex of the skull in the midline, and the patient is asked to report the side where the tone sounds louder (see neuroexam.com Video 42). Normally, the tone sounds equal on both sides. In sensorineural hearing loss, the tone is quieter on the affected side. In conductive hearing loss, the tone is louder on the affected side, because compensatory neural mechanisms or mechanical factors increase the perceived volume on the side of conduction problem. You can verify this on yourself by producing temporary unilateral conductive hearing loss by closing each ear alternately. If you then hum, the tone should be louder on the occluded side. Other tests that can help localize the cause of hearing loss include audiometry and brainstem auditory evoked potentials. An MRI scan with fine cuts through the auditory canal should be performed when disorders of the eighth nerve are suspected. Common causes of conductive hearing loss include cerumen in the external auditory canal, otitis, tympanic membrane perforation, and sclerosis of the middle ear ossicles. Causes of sensorineural hearing loss include exposure to loud sounds, meningitis, ototoxic drugs, head trauma, viral infections, aging, Meniere’s disease (see KCC 12.6), cerebellopontine angle tumors, and, rarely, internal auditory artery infarct (see KCC 14.3). Cerebellopontine angle tumors include acoustic neuroma (vestibular schwannoma), meningioma, cerebellar astrocytoma, epidermoid, glomus jugulare, and metastases. The most common tumor by far in this location is acoustic neuroma, accounting for about 9% of intracranial neoplasms (see Table 5.6). Mean age of onset is 50 years, and the tumor is nearly always unilateral. The exception is in neurofibromatosis type 2, in which the tumors are bilateral and usually occur by adolescence or early adulthood. This slowgrowing tumor develops at the transitional zone between Schwann cells and oligodendrocytes, which occurs at the point where CN VIII enters the internal auditory meatus (see Figures 12.3A and 12.14). The term “acoustic neuroma” is a misnomer because the tumor is actually a schwannoma, not a neuroma, and it nearly always arises from the vestibular, not acoustic, division of the eighth nerve. Initially the tumor grows within the bony auditory canal, but then it expands into the cerebellopontine angle (see Figure 12.2A,C). Common early symptoms are unilateral hearing loss, tinnitus (ringing in the ear), and unsteadiness. The next cranial nerve to be affected is usually the nearby trigeminal nerve, with facial pain and sensory loss. Often the first sign of trigeminal involvement is a subtle decrease in the corneal re-



BL2eBlum12.qxd



2/16/10



12:12 PM



Page 527



Brainstem I: Surface Anatomy and Cranial Nerves flex (see KCC 12.4). Interestingly, although the vestibular and facial nerves are compressed within the auditory canal, true vertigo is not usually a prominent symptom (although some unsteadiness is common), and the facial nerve does not usually become involved until the tumor is quite large. Eventually there is facial weakness, sometimes with decreased taste sensation on the side of the tumor. With large tumors, cerebellar and corticospinal pathways are compressed, causing ipsilateral ataxia and contralateral hemiparesis. Impairment of swallowing and the gag reflex (CN IX and X) and unilateral impaired eye movements (CN III and VI) occur only in very large tumors. Ultimately, if left untreated, the tumor will compress the fourth ventricle, causing CSF outflow obstruction, hydrocephalus, herniation, and death. With appropriate clinical evaluation and MRI scanning, acoustic nerve tumors can be detected at an early stage, when they still lie entirely within the auditory canal. Treatment has traditionally been by surgical excision, but more recently there is a shift towards stereotactic radiosurgery (see KCC 16.4) with gamma knife or CyberKnife. Some smaller tumors may be monitored by MRI, especially in older patients, and factors such as age, position, size, hearing and patient preference help determine the choice between radiosurgery vs. surgical exision. Conventional surgery requires a posterior fossa approach, often involving collaboration between a neurosurgeon and otolaryngologist. Surgeons strive to spare facial nerve function during the procedure, and with smaller tumors some hearing may even be spared in the affected ear. Schwannomas can occur on other cranial nerves, as well as on spinal nerve roots, causing radiculopathy or spinal cord compression. Trigeminal neuroma is the second most common form of schwannoma affecting the cranial nerves. Schwannomas of the other cranial nerves are very rare.! KEY CLINICAL CONCEPT



12.6 DIZZINESS AND VERTIGO (CN VIII) “Dizziness” is a vague term used by patients to describe many different abnormal sensations. In taking the history, the examiner should clarify whether the patient is referring to true vertigo, meaning a spinning sensation of movement, or one of the other meanings of dizziness. Other uses of “dizziness” include light-headedness or faintness, nausea, and unsteadiness on one’s feet. True vertigo is more suggestive of vestibular disease than these other symptoms are. However, the situation is complicated by the fact that the other sensations listed here often accompany vertigo, and in some cases they may be the only presenting symptoms of vestibular disease. Vertigo can be caused by lesions anywhere in the vestibular pathway, from labyrinth, to vestibular nerve, to vestibular nuclei and cerebellum, to parietal cortex. Most cases of vertigo are caused by peripheral disorders involving the inner ear, with central disorders of the brainstem or cerebellum being less common. It is essential to distinguish these possibilities because some central causes of vertigo, such as incipient brainstem stroke or posterior fossa hemorrhage, require emergency treatment to prevent serious sequelae. In taking the history of a patient with vertigo, it is therefore crucial to ask whether any other symptoms suggestive of posterior fossa disease, such as diplopia, other visual changes, somatosensory changes, weakness, dysarthria, incoordination, or impaired consciousness, are present (see Table 14.6). Patients with any of these abnormalities accompanying vertigo should be considered to have posterior fossa disease until proven otherwise and should be treated on an urgent basis. The general physical exam should always include orthostatic measure-
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