volved by intramedullary lesions such as tumor, poliomyelitis, or most
often motor neuron diseasce. Lesions of the basal meninges and the oc-
cipital bones (platybasia, invagination of occipital condyles, Paget’s
discase} may compress the nerve in s extrameduilary course or in the
hypoglossal canal. Isolated lesions of unknown cause can occur. Atro-
phy and fasciculation of the tongue develop weeks to months after in-
terruption of the nerve,

MULTIPLE CRANIAL NERVE PALSIES

Several cranial nerves may be affecled by the same disease process. In
this situation, the main clinical probiem is to determine whether the fe-
sion lies within the brainstem or outside it. Lesions that ke on the sur-
face of the brainstem are characterized by involvement of adjacent
cranial nerves {oftens occurring in succession) and fate and rather slight
involvernent of the long sensory and motor pathways and segmental
structures lying within the brainstem. The oppuosite is true of primary
lesions within the brainstein. The extramedullary lesion is more likely to
cause bone erosion or enlargement of the foramens of exit of cranial
nerves. The intramedullary lesion involving cranial nerves ofien pro-
duces a crossed sensory or motor paralysis (cranial nerve signs on one
stde of the body and tract signs on the opposite side).

Involvement of multiple cranial nerves outside the brainstem is fre-
quently the result of diabetes or trauma, localized infections such as
herpes zoster, infectious and noninfectious {especially carcinomatous)
causes of meningitis (Chaps. 376 and 377}, granulomatous discases
such as Wegener's granulomatosis, Behget's disease, enlarging saccular
aneurysms, or tumors. Among the tumors, nasopharyngeal cancers,
lymphomas, neurofibromas, meningiomas, chordomas, cholesteato-
mas, carcinormas, and sarcomas have all been observed (o involve a
succession of lower cranial nerves. Owing to their anatomic relation-
ships, the multiple cranial nerve palsies forrn a number of distingtive
syndromes, listed in Table 371-2. Sarcoielosis is the cause of some cases
of multiple cranial neuropathy, and chronic glandular tuberculosis the
cause of a few others. Platybasia, basilar invagination of the skull, and
the adult Chiari malformation are additional causes, A purely motor
disorder without atrophy always raises the question of myasthenia
gravis (Chap. 381). As noted above, Guillain-Barré syndrome com-
monly affects the facial nerves bilaterally. In the Fisher variant of the
Guillain-Barré syndrome, oculomotor paresis occurs with ataxia and
areflexia in the limbs (Chap. 380). Wernicke encephalopathy can cause
a severe ophthalmoplegia combined with other brainstem signs,

TYhe cavernous simes syndrome (i, 37145 is a distinctive and fre-
quently life-threatening disorder. It often presents as orbital ar facial
pain; orbtal swelling and chemosis due to occlusion of the ophthalmic
veins; fever; oculomotor neuropathy affecting the third, fourth, and
sixth crapial nerves; and trigeminal neuropathy affecting the ophthalmic
(V) and occasionally the masillary {V,) divisions of the trigeminal
nerve. Cavernous sinus thrombaosis, often secondary to infection from
orbital cellulitis {frequently Staplrvlococcis aurensy, a cutaneous source
on the face, or sinusitis (especially with mucormveosis in diabetic pa-

tients), is the most frequent cause; other ctiologies include aneurvsm of

the carotid artery, a carolid-cavernous fistuls {orbital bruit nuav be
present}, meningioma, nasopharyngeal carcinoma, other tumors, or an
idiopathic granulomatous disorder Cfolosa-Hant syndromed, The twe
caverneus sinuses directly communicate via intercaveriious channels;
thus, involvement on vne side may extend to become bilateral. Farly
diagnosis is essential, especially when due 1o infection, and treatment
depends on the underlying etiology. In infectious cases, prompt admin-
istration of broad-spectrum antibiotics, drainage of anv abscess cavities,
and identification of the ofiending organism are essential. Anticoagulant
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FIGURE 371-4 Anatomy of the cavernous sinus in coronal section,
illustrating the location of the cranial nerves in relation to the vascular
sinus, internal carotid artery lwhich loops anteriorly 1o the section),
and surrounding structures,

therapy may benefit cases of primary thrombosis. Repair or occlusion of

the carotid artery may be required for treatment of fistulas or aneu-
rysms. The Tolosa-Hunt syndrome generally responds to glucocorti-
coids. A dramatic improvement in pain is usually evident within a few
days; oral prednisone (60 myg daily) is usvally continued for severa)
weeks and then gradually tapered.

An idiopathic form of multiple cranial nerve involvement on one or
both sides of the face is occasionally seen. The syndrome consists of a
subacute onset of boring facial pain, followed by paralysis of motor
cranial nerves. The clinical features overlap those of the Tolosa-Hunt
syndrome and appear to be due to idiopathic inflammation of the
dura mater, which may be visualized by MRL The syndrome is fre-
quently responsive to ghucocorticoids,
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2 Diseases of the Spinal Cord

Stephen L. Hauser, Allan H. Ropper

Diseases of the spinal cord are frequently devastating. They produce
quadriplegia, paraplegia, and sensory deficits far beyond the damage
they would inflict elsewhere in the nervous system because the spinal
cord contains, in a small cross-sectional area, almost the entire motor
output and sensory input of the trunk and limbs. Many spinai cord
diseases are reversible if recognized and treated at an early stage : Tuble
372 11 thus, they are among the most critical of neurologic emergen-
cies. The efficient use of diagnostic procedures, guided by knowledge
of the anatomy and the clinical features of spinai cord diseases, is re-
quired for a successful outcome.

APPROACH TO THE PATIENT:
Spinal Cord Disease

SPINAL CORD ANATOMY RELEVANT TO CLINICAL SIGNS  The spinal cord
is a thin, tubular exaension of the central nervous system contained
within the bony spinal canal. Tt originates at the medulla and contin-
ues caudally to the conus medullaris at the lumbar level; fts fibrous
extension, the filum terminale, terminates at the coccyx. The aduit
spinal cord is ~46 cm (18 in.) long, oval in shape, and enfarged in the
cervical and lumbar regions, where neurons that innervate the upper
and lower extremities, respectively, are located. The white matter
tracts containing ascending sensory and descending motor pathways
are located peripherally, whereas nerve cell bodies are clustered in an
inner region shaped like a four-leaf clover that surrounds the central
canal {anatomically an extension of the fourth ventricle). The mem-
branes that cover the spinal cord—the pia, arachnoid, and dura-are
continuous with those of the brain.

The spinaf cord has 31 segments, cach defined by an exiting ven-
tral motor root and entering dorsal sensory root. During embryo-
logic development, growth of the cord lags behind that of the
vertebral columpn, and the mature spinal cord ends at approxdmate-
ly the first lumbar vertebral body. The lower spinal nerves take an
increasingly downward course to exit via intervertebral foramina.
The first seven pairs of cervical spinal nerves exit above the same-
numbered vertebral bodies, whereas all the subsequent nerves exit
below the same-numbered vertebral bodies because of the presence
of eight cervical spinal cord segments but only seven cervical verte-
brae. The relationship between spinal cord segments and the cor-
responding vertebral bodies is shown in Table 372-Z. These
relationships assume particular importance for localization of le-
sions that cause spinal cord compression. A T10 spinal cord senso-
ry level, for example, indicates involvernent of the cord adjacent to
the seventh or eighth thoracic vertebral body (Figs. 25-2 and 25-3).
In addition, at every level the main ascending and descending
tracts are somatotopically organized with a laminated distribution
that reflects the origin or destination of nerve fibers.

Determining the Level of the tesion The presence of a horizontal-
ly defined level below which sensory, motor, and autonomic func-
tion is impaired is a hallmark of spinal cord disease. This sensory
level is sought by asking the patient to tdentify a pinprick or cold
stimulus (e.g., a dry tuning fork after immersion in cold water) ap-
plied to the proximal legs and lower trunk and sequentially moved
up toward the neck on each side. The sensory level indicates dam-
age to the spinothalamic tract one to two segments above the per-
ceived level of a unilateral spinal cord lesion and at the level of a
~bilateral lesion. That is the result of the ascent of second-order sen.
sory fibers, which originate in the dorsal horn, proceed to cross an-
terior to the central canal while ascending to join the opposite
spinothalamic tract. Lesions that transect the descending cortico-
spinal and other motor tracts cause paraplegia or guadriplegia,
with the evolution over time of increased muscle tone, heightened

TREATABLE SPINAL CORD DISORDERS

Compressive
Egidural, intradural, or intramedullary neoplasm
Epidural abscess
Epichiral hermidrhage
Cervical spondylosis
Herniated disc
Posttraumatic compression by fractured or displaced vertebra or
hemorhage
Vascular
Areriovenous malformation
Antishosphollpld syndrome and other hypercoagulable states
inflarnrmatory
Mubtiple sclerasis
Neuromyelitls optica
Transverse myelitls
Sarcoidosis
Yasculitis
Infectious
Yirad: V2V, H5V-1 and -2, CMV, BV, HTLV-, others
Bacterial and mycobactenial: Borrefia, Listerig, syphilis, others
AMycoplasma pheurmoniae
Parasilic: schistosorniasis, Toxoplasmosis
Developimental
Syringomyelia
Meningomyelocoele
Tethered cord syndrome
Metabolic - -
Vitamity B3 deficiency (subacute combined degenearation}
Copper deficiency

Note: VZV, varicella-zoster virus; HSY, herpes simplex virus; TRV, cyfomeazlovirgs,
HILY, hurnan T cell fymphotropic virus.

deep 1endon reflexes, and Babinski signs (the upper motor neuron
syndrome). Such lesions also typically produce autonomic distur-
bances consisting of absent sweating below the implicated cord lev-
el and bladder, bowel, and sexual dysfunction.

The uppermost level of a spinal cord lesion can also be localized
by attention to the segmental signs corresponding to disturbed mo-
tor or sensory innervation by an individual cord segment. A band
of altered sensation (hyperalgesia or hyperpathia) at the upper end
of the sensory disturbance, fasciculations or atrophy in muscles in-
nervated by one or several segments, or a muted or absent deep
tendon reflex may be noted at this level. These signs also occur with
facal root or peripheral perve disorders; thus, segmental signs are
most useful when they occur together with signs of long tract dam-
age. With severe and acute transverse lesions, the limbs initially
may be flaccid rather than spastic. This state of “spinal shock” lasts
for several days, rarely for weeks, and should not be mistaken for
extensive damage o many segments of the cord or for an acute
polymeuropathy.

The main features of transverse damage at each level of the spi-
nal cord are summarized below.

Cervicel Cord  Upper cervical cord lesions produce quadriplegia
and weakness of the diaphragm. Lesions at C4-C5 produce quadri-
plegia; at C5-C6, there is loss of power and reflexes in the biceps; at
C7 weakness is found only in finger and wrist extensors and tri-
ceps; and at C8, finger and wrist flexion are impaired. Horner’s
syredrome (miosis, posis, and facial hypohidrosis) may accompany
a cervical cord lesion at any level.

SPINAL CORD LEVELS RELATIVE TO THE VERTEBRAL BODIES

Spinal Cord Lovel Corresponding Vertebral Body
Upper cenvical Sarme as cord level

Lower cervical 1 level higher

Upper thorache 7 levels higher

Lower thoracic Z1e 3 levels tigher

Lamber NoT12

Sacral 71201




Thoradic Cord  Lesions here are localized by the sensory level on
the trunk and by the site of midline back pain if it accompanies the
syndrome. Useful markers for localization are the nipples ! T4} and
umbilicus (T10). Leg weakness and disturbances of bladder and
bowel function accompany the paralysis. Lesions at T9-T10 para-
lyze the lower—but not the upper-—abdominal muscles, resulting
in upward movement of the umbilicus when the abdominal wall
contracts (Beevor’s sign.

{umbar Cord  esions at the L2-L4 spinal cord levels paralyze flex-
ion and adduction of the thigh, weaken leg extension at the knee,
and abolish the patellar reflex. Lesions at L5-51 paralyze ondy
movements of the foot and ankle, flexion at the knee, and exten-
sion of the thigh, and abolish the ankle jerks (51},

Sacral Cord/Conus Medwllaris  The conus medullaris is the tapered
caudal termination of the spinal cord, comprising the lower sacral
and single coccygeal segments. The conus syndrome is distinctive,
consisting of bilateral saddle anesthesia (53-35), prominent bladder
and bowel dysfunction (urinary retention and incontinence with lax
anal tone), and impotence. The bulbocavernosus (52-54) and anal
{$4-55) reflexes are absent {Chap. 361). Musce strength is largely
preserved. By contrast, lesions of the cauda equina, the cluster of
nerve roots derived from the lower cord, are characterized by low
back and radicular pain, asymmetric [eg weakness and sensory loss,
variable areflexia in the lower extremities, and relative sparing of
bowel and bladder function. Mass lesions in the lower spinal canal
often produce a mixed clinical picture in which clements of both
cauda equina and conus medullaris syndromes coexist. Cauda equi-
na syndromes are also discussed in Chap. 16.

Special Patterns of Spinal Cord Disease The location of the major
ascending and descending pathways of the spinal cord are shown in
Fig. 3721, Most fiber tracts—in-
cluding the posterior columns and
the spinocerebellar and pyramidal
tracts—are situaled on the side of

ing a loss of pain and temperature sense in a cape distribution over
the shoulders, lower neck, and upper trunk in contrast to preserva-
tion of light touch, joint position, and vibration sense in these re-
gions. Trauma, syringomyelia, tumors, and anterior spinal artery
ischemia {inciuding from aortic dissection) are the main causes.

Anterior Spinal Artery Syndreme  Infarction of the cord is general-
by the result of occlusion or diminished flow in this artery. The re-
suit is extensive bilateral tissue destruction that spares the posterior
columns. All spinal cord functions—motor, sensory, and auto-
nomic—are lost below the level of the lesion, with the striking ex-
ception of retained vibration and position sensation.

Forameon Mognem Syadrome  Lesions in this area interrupt decus-
sating pyramidat tract fibers destined for the legs, which cross cau-
dal to those of the arms, resulting in weakness of the legs (crural
paresis). Compressive lesions near the foramen magnum may pro-
duce weakness of the ipsilateral shoulder and arm followed by
weakness of the ipsilateral leg, then the contralateral leg, and finally
the contralateral arm, an “around the clock” pattern that may be-
gin in any of the four limbs, There is typically suboccipital pain
spreading to the neck and shoulders.

Intromedullary ond Extromedullary Syndromes 11 is useful to dif-
ferentiate intramedullary processes, arising within the substance of
the cord, from extramedullary ones that compress the spinal cord or
its vascular supply. The differentiating features are only relative and
serve as clinical guides. With extramedullary lesions, radicular pain
is often prominent, and there is early sacral sensory loss (lateral spi-
nothalamic tract) and spastic weakness in the legs (corticospinal
tract) due to the superficial location of leg fibers in the corticospinal
tract, Intramedullary lesions tend to produce poorly Jocalized burn-
ing pain rather than radicular pain and spare sensation in the perine-

Posterior Columns
(Joint Position, Vibration, Pressure}
A

the body they innervate. However, v
afferent fibers mediating pain and

Al

Fasciculus Fascicutus

temperature sensation ascend in Dorsal rogt  Cunedtus  gracilis Anterlor horn
the spinothalamic tract contralater- Dorsal A\ (motor neurons)
al to the side they supply. The ana- spinocerabeltar R TR 7
tomic configurations of these tracts tract Ty i
produce characteristic syndromes 7 . Lateral
that provide clues to the underlying Ventral fg;:g?crj,;??:act} N
disease process. spinocersbellar X movements
tract & )
Brown-Sequard Hemicord Syndrome e f‘ubrosmnal
This consists of ipsilateral weakness e « c s
{corticospinal tract} and loss of joint : T " Lateral
gosition and vib‘ratory sense {poste- s pfF & reticuiospinat
rior cohunin), with contralateral loss Lateral E tract
of pain and temperature sense (spi- spinathalamic”
nothalamic tract) one or two levels tract SLUT e . Vestibulospinal
below the lesion. Sepmental signs, Pain y. tract L Axiat and
such as radicular pain. muscle atro- temperatura : ! ~ Ventral proximal
phy, or loss of & deep tendon reflex, / / reticulospinal limb
are unilateral. This classical pattern Ventral / Z A tract movements
Is rare, and partial forms are more 100t vl ) Tectospinat
spincthalamic Ventral tract

commonly encountered. Wact entral rac

{uncrossed)
Centrel Cord Syadreme The cen- o — corticogpinal
tral cord syndrome resuits from ressure,louc tract

{minor role)

damage to the gray matter nerve e
el and.. crossing. spipothalamuic L Istaj lim P ST

Mmovaants
tracts near the ceniral canal. In the {minor rote)

cervical cord, the central cord syn-
drome produces arm weakness out
of proportion to leg weakness and a
“dissociated” sensory loss, signify-

FIGURE 372-1 Transverse section through the spinal cord, composite representation, iliustrating
the prncipa ascending et and descending right) pathways, The lsicisd and venirat sp'nothaiamic
tracts ascend contratareral 1o the side of the body that is innervated, C. cepvical: T, theracic L lumbar;
S sacral Poproximal: D, distal: B flexors; B extensors,
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al and sacral areas (“sacral sparing™), reflecting the laminated
configuratior: of the spinothalamic tract with sacral fibers outer-
most; corticospinal tract signs appear later. Regarding extramedulla-
ty lesions, a further distinction is made between extradural and
imradural masses, as the former are generally malignant and the Jat-
ter benign (neurofibroma being a common cause). Consequently, a
long duration of symptoms favors an intradural origin.

ACUTE AND SUBACUYE SPINAL CORD DISEASES

The initial symptoms of disease that evolve over days or weeks are focal
neck or back pain, followed by various combinations of paresthesias,
sensory loss, motor weakaess, and sphincter disturbance evolving over
hours to several days. There may be only mild sensory symptoms or a
devastating functional transection of the cord. Partial lesions selectively
involve the posterior columns or anterior spinothalamic tracts or are
limited to one side of the cord. Paresthesias or numbness typically be-
gins in the feet and ascends symmetrically or asymmetrically. These
symptoms initially simulate Guillain-Barré syndrome, but involvement
of the trunk with a sharply demarcated spinal cord level indicates the
myelopathic nature of the process. In severe and abrupt cases, aretlexia
reflecting spinal shock may be present, but hyperreflexia supervenes
over days or weeks; persistent areflexic paralysis with a sensory level in-
dicates necrosis over multiple segments of the spinal cord.

APPROACH TO THE PATIENT:
Compressive and Noncompressive Myelopathy

DISTINGUISHING COMPRESSIVE FROM NONCOMPRESSIVE

MYELOPATHY  The first priority is 1o exclude a treatable compres-
sion of the cord by a mass. The common causes are tumor, epidural
abscess or hematoma, herniated disc, or vertebral pathology. Epidu-
ral compression due to mafignancy or abscess often causes warning
signs of neck or back pain, bladder disturbances, and sensory symp-
toms that precede the developrment of paralysis. Spinal subfuxation,
hemorrhage, and noncompressive etiologies such as infarction are
more likely to produce rayelopathy without antecedent symptoms.
MRI with gadolinium infusion, centered on the dlinically suspected
fevel, is the initial diagnostic procedure; in some cases it is appropri-
ate to image the entire spine (cervical through sacral regions) to
search for additional clinically silent lesions. Once compressive le-
sions have been excluded, noncompressive causes of acute myelopa-
thy that are intrinsic to the cord are considered, primarily vascular,
inflammatory, and infectious etiologies.

COMPRESSIVE MYELOPATHIES

Neoplastic Spinal Cord Compression [n adults, most neoplasms are
epidural in origin, resulting from metastases to the adjacent spinal
bones. The propensity of solid tumors 1o metastasize to the vertebral
column probabiv reflects the high proportion of bone marrow located
in the axial skeleton, Almost any malignant tumor can metastasize o
the spinal column, with breast, lung, prostate, kidney, lymphoma, and
plasma cell dyscrasia being particularly frequent. The theracic cord is
maost corrmonly invelved: exceptions are metastases from prostate and
ovatian cancer, which accur dispropostionately in the sacral and fum-
bar vertebrac, probabiy resulting from spread through Batson’s plexus,
a network of veins along the anterior epidural space. Retroperitaneal
neoplasms (especially lymphomas or sarcomas) enter the spinal canal
through the intervertebral forarnina; they produce radicular pain and
other signs of root involvement prior to cord compression.

Pain 15 usually the tmitial symptony; it may be aching and localized . .

or sharp and radiating in quality. This spinal ache typically worsens
with mavement, coughing, or sneezing and characteristically awakens
patients at night. A recent onset of persistent back pain, particularly if
in the thoracic spine {which is uncommonly involved by spondylosis),
should prompt consideration of vertebral metastasis. Rarely, pain is

FIGURE 372-2 Epidural spinal cord compression due to breast
carcinoma. 5agitiat TH-weighted (A; and T2-weighred (8) MRI scans
through the cervicothoracic junction reveal an infiltrated and cok
lapsed second thoracic vertebral body with posterior displacement
and compression of the upper thoracic spinal cord. The low-intensity
bone martows signal in A signifies replacement Oy tumaor.

mild or absent. Plain radiographs of the spine and radionuclide bone
scans have only a limited role in diagnosis because they do not identify
15~20% of metastatic vertebral lesions and fail to detect paravertebral
masses that reach the epidural space through the intervertebral foram-
ina. MRI provides excellent anatomic resolution of the extent of spinal
tumors (Fig. 372-21 and is able to distinguish between malignant Je-
sions and other masses——epidural abscess, tuberculoma, or epidural
hemorrhage, among others—that present in a similar fashion. Verte-
bral metastases are usually hypointense refative 1o a normal bone mar-
row signal on T1-weighted MRI scans; after the administration of
gadolinium, contrast enhancement may deceptively “normalize” the
appearance of the tumor by increasing its intensity to that of normal
bone marrow. Infections of the spinal column {osteomyelitis and relat-
ed disorders) are distinctive in that, unlike tumer, they may cross the
disk space to involve the adjacent vertebral body.

If spinal cord compression is suspected, imaging should be ob-
tained promptly. If there are radicular symptoms but ne evidence of
myelopathy, it is usually safe, if necessary, to defer imaging for 2448
h. With back or neck pain only, imaging studies may be obtained with-
in a few days. Up to 4(Wo of patients who present with cord compres-
sion at one fevel are found to have asymptomatic epidural disease
elsewhere; thus, the length of the spine should be imaged when epidu-
ral malignancy is in question.

ufumsnc SPINAL CORD COMPRESSION

Management of cord compression includes glucocanticoids i reduce cord
edema, focal radiotherspy Grirtated as early as possible; 1o the SYMPTOMATK
fesion, and specitic theragy for 1the urderlying tumorn type, Glucocorticoids
{dexarnethasone, up to A0 mg daly; <40 be adrmanistered before the imag-
mig study of the clinical swapicion s strong and continued at 4 lower dose
unstil radictherapy fgeneraity 3000 <Gy adminstered in 15 daily fracticns)
completed. Hadiotherapy appears 16 be as effective ay surgery, even {or
most Chassically raciorzsistant metastases. Biopsy of the epidural mass is un-
fecessary in patienis with known preexasting cancer but is indicated if a his-
tory of underying cancer is lacking, Surgery, either decompression by
laminectomy of vertebral body resection, should be considered when signs
of cord compression wersen despite ragistherapy, when the maximum tol-

erqted dote of radiotherapy has been delivered previnusly 16 HE G oF

when g veriebral compressian fracture or Spina instability contributes 16
cord Lompression. A gooa 1esponse w radintherapy con he sxpected in
dividuals whe are ambudatory at presentation: new vegkness i nreventad,
and some recovery of mator function occurs in approximately half of rrear-
ed patients. Fixed motor deficits (paraplegia or quadriplegia), once estab-




FIGURE372-3 MRI of a tho-
racic meningioma. Coronat T1-
welighted  podt-contrast amage
through rhe thoradic spinal cord
demonstrales inténsée and uni-
form enhancement of 8 weil-cir-
curmscribed extrameduliary mass
{arraws) which displaces the spi-
nal cord 1o the teft.

lished for =12 h, do not usually improve, and beyond 48 b the prognosis tor
substantial rotor recoveny s puor

In contrast 1o tumors of the epidural space, most intradural mass
lesions are slow-growing and benign, Meningiomas and neurofibro-
mas account for most of these, with occasional cases caused by chor-
doma, fiporma, dermoid, or sarcoma, Meningiomas Fig. 372-5} are
often lacated posterior to the theracic cord or near the foramen mag-
num, although they can arise from the meninges anywhere along the
spinal canal. Neurofibromas are benign tumors of the nerve sheath
that typicalby arise near the posterior root; when multiple, neurafibro-
matosis is the likely etiology. Symptoms usually begin with radicuiar
sensory symptoms followed by an asymmetric, progressive spinal cord
syndrome. Therapy is by surgical resection.

Primary intramedulfary tumors of the spinal cord are uncommon.
They present as central cord or hemicord syndromes, often in the cer-
vical region; there may be poorly localized burning pain in the extrem-
ities and sparing of sacral sepsation. in adults, these lesions are
ependymomas, hemangioblastomas, ar low-grade astrocytomas :Fig.
37245, Complete resection of an intramedullary ependymoma is of-
ten possible with microsurgical technigues. Debuiking of an intra-
medullary astrocyloma can also be helpful, as these are often slowly
growing lesions; the value of adjunctive radiotherapy and chemother-
apy is uncertain. Sccondary {metastatic) intramedullary Lumors are
alse common, especially in patients with advanced metastatic discase
(Chap. 374).

spinal Epidural Abscess  Spinal epidural abscess presents as a <linscal
triad of midline dorsal pain, tever, and progressive timb weakness.
Prompt recognition of this distinctive process will in most cases pre-
vent permanent sequelae, Aching pain is almost always present, either
over the spine or in a radicular pattern. The durasion of pain prior to
presentation is generally 2 weeks but may on occasion be several
months or fonger. Fever is usuat, accompanied by elevated whiie blood
cell count and sedimentation rate. As the abscess expands, further spt-
nal-cord. damage. results from venous. congestion_and. thrombasis.
Onge weakness and other signs of myelopathy appear, progression
may be rapid. A more chronic sterile granulomatous form of 2bswess is
also known, usuaily afler treatment of an acate epidural infection,
Risk factors include an impaired immune status (diabetes methitus,
renal failure, alcohelism, malignancy), intravenous drug abuse, and in-

FIGURE 372-4 MRI of an intra-
medullary astrocytoma. Sag-
itral T1-weighted post-contrast
image through the cervicsl spine
demonstrates expansion of the
upper cervcal spine by a mass
lesion emanating from within
the spinal cord at the ceni-
comeduallary junction. Ireguiar
penipheral enhancement occurs
wathin the mass tarroves).

fections of the skin or other tissues. Two-thirds of epidural infections re-
sult lrom hematogenous spread of bacterta {rom the skin (furunculosis),
soft tissue (pharvngeal or dental abscesses), or decp viscera (bacterial
endocarditis). The remainder arise from direct extension of a local infec-
tion te the subdural space; examples of local predisposing conditions are
vertebral esteomyelitis, decubitus ulcers, lumbar puncture, epidural an-
esthesia, or spinal surgery. Most cases are due to Staphylococcus aureus;
gram-negative bacilli, Streptococeus, anacrobes, and fungi can also cause
epidural abscesses. Tuberculosis from an adjacent vertebral source,
Pult’s disease, remains an important cause in the underdeveloped world.

MRI scans Fig. 3725} localize the abscess and exclude other causes
of myelopathy. Eumbar puncture is enly required if encephalopathy or
other clinical signs raise the question of associated meningitis, a fea-
jure that is found in <25% of cases. The level of the punciure should
be planned 1 minimize the risk of meningitis due to passage of the
needle through infected tissue or herniation due to decompression be-
low an area of obstruction to the flow of cerebrospinal fluid (CSF). A
high cervical tap is often the safest approach. CSF abnormalities in
subdural abscess consist of pleocyvtosis with a preponderance of poly-
morphonuclear cells, an clevated protein level, and a reduced glucose

A. Sagittal T2-weighted free spin-echo MR sequence. A hypointense
sy eplaces the postenor elerments of (3 and extends epidurally
Ccmpress e spinal cord i), Be Sagitial 1 T-weighted inage after
Loyt ok ation teveals . diffuse cnnancement of the epdurs:

BIGC sy 70w ) itk extersion irto the epidurat space.
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FIGURE 372-5 MBI of a spinal epidural abscess due to tubercutosis.
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ciated meningitis. Blood cultures are positive in <25% of cases.

[ sPINAL EPIDURAL ABSCESS

Treatmen® is by decompressive lamineciomy with debridement combined
with long-term annbictic treatment, Surgical evacuation prevents devel-
opment of paralysis and may improve or reverse paraiysis i evolution, but
s unlikely 1o mprove daficits of more than several days duration. Antibi-
arics should be started empiricatly before surgery and then madified on
the basis of cufture results; medication is centinued for at least 4 wesks [f
sdrgery s coniramdicated or if there is a fixed paraplegia or auadriplecia
that is unlikely to imprave foliowing surgery, iong-term administiation of
systemic and oral antibiotics can e used; in such cases, the choice of ann-
Botics may be guided by resulls of blond cultures. However paralysis may
develop or progress during antibiotic therapy; thus. initial surgical man-
agerment remains the treatment of choice unless the abscess is limited in
size and causes fevy or no newslogic signs.

Spinal Epidural Hematoma Hemorrhage info the epidural {or subdu-
ral} space causes acute focal or radicular pain followed by variable
signs of a spinal cord or conus medullaris disorder. Therapeutic anti-
coagulation, trauma, tumer, or blood dyscrasia are predispasing con-
ditions, Rare cases complicate lJumbar puncture or epidural anesthesia,
sometimes in assoctation with use of tow-molecular-weight heparin.
MRF and CT confirm the clinical suspicion and can delineate the ex-
tent of the bleeding. Treatment consists of prompt reversal of any un-
derlying clotting disorder and surgical decompression. Surgery may be
followed by substantial recovery, especially in patients with some pres-
ervation of motor function preoperatively. Because of the risk of hemn-
orrhage, tumbar punctare should be avoided whenever pessible in
patients with severe thrombacytopenia or other coagulopathies.

Hematomyelia Hemorrhage into the substance of the spinal cord is a
rare result of trauma, intraparenchymal vascular malformation (see
below), vasculitis due to polyarteritis nodosa or systemic tupus erythe-
matosus (5LE), bleeding disorders, or a spinal cord neaplasm. Hema-
omyelia presents as an acute painful transverse myelopathy. With large
fesions, extension into the subarachnoid space may occur, resulting in
subarachnoid hemorrhage {Chap. 269}. Diagnosis is by MRI or CT.
Therapy Is supportive, and surgical intervention is generally not use-
ful. An exception is hematomyelia due to an underlying vascular mal-
tormation, for which selective spinal angiography may be indicated,
followed by surgery to evacuate the clot and remove the underlying
vascular lesion,

NONCOMPRESSIVE MYELOPATHIES

The most frequent causes of noncompressive acuite transverse myelop-
athy (ATM) are spinal cord infarction; systemic inflamratory disor-
ders, including SLE and sarcoidosis; dernyelinating diseases, including
multiple sclerosis (MS) and neuromyelitis optica; postinfectious or id-
iopathic transverse myefitis, which is presumed to be an immune con-
dition related to acute disseminated encephalomyelitis {Chap. 375%
and infectious (primarily viral) causes. After spinal cord Ccompression
15 excluded, the evatuation generally requires a lumbar puncture and a
search for underlying systemic disease « Table 373. 35,

Spinal Cord Infarction  The cord is supplied by three arteries that
course vertically over its surface: a single anterios spinal artery and
paired posterior spinal arteries. In addition 1o the vertebral arteries, the
anterior spinaf artery is fed by radicular vessels thal arise at Cé, at an up-
per thoracic level, and, most consistently, at T11-12 (artery of Adam-
kiewicz). At,each segment, paired penetrating vessels. branch. from. the
anterior spinal artery to supply the anterior two-thirds of the spinal
cord; the posterior spinal arteries, which often become less distinct be-
low the midthoracic fevel, supply the pasterior columns.

Spinal cord ischemia can occur at any level; however, the presence of
the artery of Adamkiewicz creates a watershed of marginal blood flow in

EVALUATION OF ACUTE TRANSVERSE MYELOPATHY

3. MRi of spinal cord with and without contrast {excluda COIMIESSIVE CAUses).

2. CSF studies: Cell count, protein, glucose, 195 index/synthesis raie, olige-
clonal bands, VORL Grarm's stain, acid-fast bacilli, and india ink stains; PCR
for VZV HSV-2, HSV-1, EBV, CMV, HHV-8, enteroviruses, Hiv: antibody far
HT-, B, burgdorfer, M, pneurnoniae, and C higmydia preurmonige; viral,
bacterial, mycobatterts, and fungal cultures.

3. Blood studies for infection: HIV; RPR; 1gG and IgM enterovirus antibody;
I mumps, meastes, rubella, group B arbovirus, Brucelic meiitensis, Chia-
mydia psittaci, Bancnella henselae, schistosomal antibody; cultures for 8,
melitensis. Alse consider nasal/pharyngeal/anal cultures for ENEFOVIFLISES;
sto! O&FP for Schisinsoma ova,

4 Immune-mediated disorders: ESR; ANA, ENA; dsONA; eumatoid factor:
anti-55A; anti-556, complernent levels; antiphospholipid and anticardio-
fipin antibodies; p-ANCA; antimicresomal and antithyroalobulin sntibod-
ies; if Sjdgren syncrome suspected, Schirmer test, salivary gland
scintography, and salivary/acrimal gfand biopsy.

5. 5arcoidosis: Serum angictensin-converting enzyme; serum Ca; 24 haur
uriste Ca; chest x-ray; chest £7; total body gallium scan; fymph nede biopsy.

6 Demyelinating disease: Brain MRl scan, evoked potentiads, SF oligoclonal
barids, neuromyelitis optica antibody taquaponin-d),

7. Vascuiar causes: (T myelogram; spinal angiogram.

Mote: VDRI, Venereal Disense Hesesrch Laboratory; PCR, polymerate chain reaction;
V2V, vanicellz-zoster virus; HHY, human herpes virus; RPR, rapld plasma reagin (testy
&P, ova and parasites ESR, enythincyte sedimentanion rate; ANA, antinuclear antibod-
s ENA, epithelial neutrophil-activating peptide.

the upper thoracic segments. With systemic hypotension, cord infarc-
tior: occurs at the level of greatest ischemic risk, usually T3-T4, and also
at houndary zones between the anterier and posterior spinal artery ter-
ritories. The latter may result in a rapidly progressive syndrome over
hours of weakness and spasticity with little sensory change.

Acute infarction in the territory of the anterior spinal artery produc-
es paraplegia or quadriplegia, dissociated sensory loss affecting pain
and temperatare sense but sparing vibration and position sense, and
toss of sphincter control (“anterior cord syndrome”). Onset may be
sudden and dramatic but more typically is progressive over minutes or
a few hours, quite unlike stroke in the cerebral hemisphetes. Sharp
midline or radiating back pain localized to the area of ischemia is fre-
quent. Areflexia due to spinal shock is often present initially; with
time, hyperreflexia and spasticity appear, Less common is infarction in
the territory of the posterior spinal arteries, resulting in loss of posteri-
or column function,

Spinal cord infarction results from aortic atherasclerosis, dissecting
aortic aneurysm (manifest as chest or back pain with diminished pulses
in legs), vertebral artery occlusien or dissection in the neck, or profound
hypotension from any cause. Cardiogenic emboli, vasculitis related to
collagen vascular disease | particwlarly SLE and the amtiphospholipid an-
tibody syndrome (see below)], and surgical interruption of aortic aneu-
rysms are other causative conditions. Qecasional cases develop from
embolism of rucleus pilposus material into spinal vessels, usually from
local spine trauma. In a suhstantial number of cases no cause can be
{ound, and thromboembolism in arterial feeders is suspected. The MR]
may fail to demonstrate limited infarctions of the cord, especially in the
first day, but as often it is abnormal at the affected level,

In cord infarction due to presumed thromboembolism, acute anti-
coagulation is probably not indicated, with the exception of the unusual
transient ischemic attack or incomplete infarction with a stuttering or
progressive course. The antiphaspholipid antibody svadrome is treat-
ed with anticoagulation. Drainage of spinat fluid has repartedly been
successful in some cases of cord infazction but has not been studied
systematically.

Inflammatory and immune Myelopathies (Myelitis) This broad cate-

- gory inchdes M$ and postinfectious tyetitis, borh of whick se demy-

elinating in nature {see below), as well as connective tissue disease. n
approximately one-quarter of cases of myelitis, no underlyimg cause
can be identified. Some will later manifest additional symptoms of a
systemic immune-mediated disease such as SLE or, more often, MS.
Recurrent episodes of myelitis are usually due to an immune-mediated




disease such as a demyelinating disease, SLE, or sarcoid; or to infection
with herpes simplex virus (HSV) type 2 (below).

SYSTEMIC INFLAMMATORY DISORDERS  Myelitis occurs in a small number
of patients with SLE {Chap. 313}, many cases of which are associated
with antiphospholipid antibodies. The CSF is usually normal or shows a
mild lymphocytic pleocytosis; oligocional bands are a variable finding,
Responses to glucocorticoids and/or cyclophosphamide have been report-
ed, but there is no systematic evidence of their henefit. Other immune-
mediated myehitides include cases associated with Spdgren’s syndrome
{Chap. 317}, mixed connective tissue disease (Chap. 316), Behget's syn-
drome {Chap. 320}, and vasculitis with perinuclear antdneutrephilic cy-
toplasmic {p-ANCA) antibodies {Chap. 319).

Another important consideration i this group Is sarcoid myelopa-
thy (Chap. 322), in which an edematous swelling of the spinal cord
may mimic tumor; there is almost always gadelinium enhancement of
the lesion and of the adjacent surface of the cord. The CSF profile con-
sists of variable lymphocytic pleocytosis; oligoclonal bands are present
in one-third of cases, The diagnosis is particularly difficult when sys-
temic manifestations of sarcoid are miner or absent (nearly 50% of
cases) ot when other classic neurofogic manifestations of the disease—
such as cranial neuropathy, hypothalamic involvement, or meninge-
al enhancement visualized by MRI-~—are lacking. A slit-lamp exami-
nation of the eve to search for uveitis, chest x-ray and CT to assess
pulmonary involvement and mediastinal lymphadenopathy, serum
angiotensin-converting enzyme (ACE; positive in only one-quarter of
cases), serum calcium, and a gallium scan may assist in the diagnosis.
The usefulness of spinal fluid ACE is uncertain, Initial treatment is
with oral glucocorticoids; immunosuppressant drugs are used for re-
sistant cases.

DEMYELINATING MYELGPATHIES ~ Multiple sclerosis {Chap. 375) may
present with myelitis, particularly in individuals of Asian or African an-
cestry. In Caucasians, MS rarely causes a complete transverse myelopa-
thy (i.e., acute bilateraf signs), but it is among the most common causes
of a partial syndrome. Neuromyelitis optica (NMQ)) is a demyelinating
syndrome consisting of a severe myelopathy associated with optic neuri-
tis; the optic neuritis is often bilateral and may precede or follow myelitis
by weeks or months (Chap. 375}, A specific serum antibody test is avaii-
able. NMO is also associated with SLE and antiphospholipid antibodies
(see above) as well as with other connective tissue diseases.

MR findings in MS-associated mvelitis typicatly consist of mild
swelling and edema of the cord and diffuse or multifocal areas of
abnormal signal on T2-weighted sequences. Contrast enhancement,
indicating disruption in the blood-brain barrier associated with in-
flammation, is present in many acute cases, A brain MRI is most help-
ful in gauging the likelihood that a case of myelitis represents an initial
attack of MS, A normal scan indicates that the risk of evolution to MS
is low, ~10-15% over 5 years; in centrast, the finding of multiple
periventricular T2-bright lesions indicates a much higher risk, >50%
over 5 years and >90% by 14 years. The CSF may be normal, but more
often there is a mild pleocytosis, occasionally up 1o several hundred
moncnuclear cells per microliter, with normat or mildly elevated CSF
protein levels; oligoclonal bands are variable, but when bands are
present, a diagnosis of MS is more likely. These bands are generally ab-
sent in peuremyelitis optica.

There are no adequate trials of therapy for MS-associated trans-
verse myelitis. Intravenous methylprednisclone (500 mg qd for 3
days) followed by oral prednisone (1 mg/kg per day for several weeks,
then gradual faper) has been used as initial treatment. A course of
plasma exchange is indicated for severe cases if glucocorticoids are in-
effective. Preliminary data suggest that treatment with anii-CD20

cytomegalovirus (CMV), mycoplasma, influenza, measles, varicella, 2593

rubeola, and mumps. As in the related disorder acute disseminated en-
cephalomyelitis {Chap. 375), postinfectious myelitis often begins as
the patient appears to be recovering from an acute febrile infection, or
in the subsequent days or weeks, but an infectious agent cannot be iso-
lated from the nervous svstern or spinal fiuid. The presumption is that
the myelitis represents an autoimmune disorder triggered by infection
and is not due to direct infection of the spinal cord. Treatment is usu-
ally with glucocorticoids or, in fulminant cases, plasma exchange.
There are no trials by which to adequately judge these therapies.

ACUTE INFECTIOUS MYELITIS  Many viruses have been associated with
an acute myelitis that is infectious in nature rather than postinfectious.
Nonetheless, the two processes are often difficult to distinguish. Herpes
zoster is the best characterized viral myelitis, but HSV types 1 and 2,
EBV, CMV, and rabies virus are other well-described causes. HSV-2
{and Iess commoniy HSV-1) produces a distinctive syndreme of recur-
rent sacral myelitis in association with outbreaks of genital herpes
mimicking MS. Poliomyetitis is the prototypic viral myelitis, but it is
more or less restricted to the gray matter of the cord. Chronic viral
myelitic infections, such as that due to HIV, are discussed below.

Bacteriat and mycobacterial myelitis (most are essentiatly abscesses)
are far less common than viral canses. Almost any pathogenic species
may be responsible, including Listeria moenocytogenes, Borrelia burg-
dorferi (1yme disease), and Treponema pallidum (syphilis). Mycoplas-
ma pnewmaniae may be a cause of myelitis, but its status is uncertain
singe many cases are more properly classified as postinfectious.

Schistosomiasis {Chap. 212) is an important cause of parasitic my-
elitis in endemic areas. The process is intensely inflammatory and
granulomatous, caused by a local response to tissue-digesting enzymes
from the ova of the parasite. Toxoplasmosis (Chap. 207) can occasion-
ally cause a focal myelopathy, and this diagnosis should be considered,
particutarly in patients with ATDS.

In cases of suspected viral myelitis, it may be appropriate to begin
specific therapy pending laboratory confirmation. Herpes zoster, HSV,
and BBV myelitis are treated with intravenous acyclovir {10 mgfkg
q8h) or oral valacyclovir (2 gm tid) for 1014 days: CMV with ganci-
covir (5 mg/kg 1V bid) plus foscarnet {60 mg/kg IV tid), or cidofovir
(5 mg/kg per week for 2 weeks).

SPONDYLITIC MYELOPATHY

Spondylitic myelopathy is one of the most common causes of gait dif-
ficulty in the eiderly. Neck and shoulder pain with stiffness are early
symptoms; impingement of bone and soft tissue overgrowth on nerve
roots results in radicular arm pain, most often in a C5 or C6 distribu-
tion. Compression of the cervical cord, which occurs in fewer than
one-third of cases, produces a slowly progressive spastic paraparesis, at
times asymmetric and often accompanied by paresthesias in the feet
and hands. Vibratory sense is diminished in the legs, there is a Rom-
berg sign, and occasionally there is a sensory level for vibration on the
upper thorax. In some cases, coughing or straining produces leg weak-
ness or radiating arm or shoulder pain. Dermatomal sensory loss in
the arms, atrophy of intrinsic hand muscles, increased deep-tendon
reflexes in the legs, and extensor plantar responses are commen. Uri-
rary urgency or incontinence occurs in advanced cases, but there are
many alternative causes of these problems in older individuals. A ten-
don reflex in the arms is often diminished at some level; the biceps is
most often affected (C5-C6). In individual cases, radicular, myelo-
pathic, or combined signs may predominate, The diagnosis should be
considered in cases of progressive cervical myelopathy, paresthesias of

© tante R cettrmonoctoratmtitsady niy protect-against relapsesirpas—-the feetarcd- teindsor-wasting of the handse o o e e

tients with NMO,

POSTINFECTIOUS MYELITIS  Many cases of myelitis, termed postirfec-
tious or postvaccinal, follow an infection or vaccination. Numerous or-
ganisms have been implicated, inciuding Epstein-Barr virus (EBV),

Diagnosis is made by MRI or myelography. Extrinsic cord compres-
sion and deformation is appreciated on axial MRI views, and T2-
weighted sequences may reveal areas of high signal intensity within the
cord adjacent to the site of compression. A cervical collar may be help-
ful in milder cases, but definitive therapy consists of surgical decom-
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resection of the protruded disc and bony material may be required.
Cervical spondvlosis and celated degesnerative diseases of the spinme
are discussed i Chap. 16,

VASCULAR MALFORMATIONS OF THE CORD AND DURA

Although uncommon, vascutar malformations of the cord and overlying
dura are treatable causes of progressive myelopathy. True arteriovenous
maiformations (AVMs) are located posteriorly along the surface of the
cord or within the dura, where they are more properly classified as fistu-
Jas. Most are at or below the midthoracic level. The typical presentation is
a middle-aged man with a progressive myelopathy that worsens slowly or
intermittently and may have periods of apparent remission resembling
MS, Acute deterioration due to hemorrhage into the spinal cord or sub-
arachnoid space may also occur but is rare. A saltatory progression is
most commeon and is the resudt of local ischemia and edema from venous
congestion, Most patients have incomplete sensory, motor, and bladder
disturbances. The motor disorder may predominate and produce a mix-
ture of upper and restricted lower motor neuron signs, simulating amyo-
trophic lateral sclerosis (ALS). Pain over the dorsal spine, dysesthesias, or
radicular pain may be present. Other symptoms suggestive of AVM in-
clude intermittent claudication, symptoms that change with posture, ex-
ertion such as singing, menses, or fever. A rare AVM process presents as a
progressive thoracic myelopathy with paraparesis developing over weeks
or several months, characterized pathologically by abnormally thick, hy-
alinized vessels within the cord (Foix-Alajouanine syndrome),

Spinal bruits are infrequent but should be sought at rest and after exer-
cise in suspected cases. High-resolution MRI with contrast administration
detects many but not afl AVMs iFig. 372.63. A small number not detected
by MRI may be visualized by CT myelography as enlarged vessels along
the surface of the cord. Definitive diagnosis requites sefective spinal angi-
ography, which defines the feeding vessels and the extent of the malforma-
tion. Endovascular embolization of the major feeding vessels may stabilize
a progressive neurologic deficit or allow for gradual recovery.

RETROVIRUS-ASSOCIATED MYELOPATHIES
The myelopathy associated with the human T cell lymphotropic virus
type 1 (HTLV-), formerly called tropical spastic paraparesis, is a slowly

FIGURE 372-6 Arteriovenous malformation. Sagittal MR scans of
the thoracic spinal cord: T2 fast spin-echa technique def) and T4
post-contrast image (Pight). On the T2-weighted image (efl), shnor-
mally high signal intensity ts noted in the cential aspect of the spinal
cord {amowhends). Nureercus punciate flow woids indent the dorsal

et ventrat spinal cord (o) These represent the abriormialy ae

iated venous plexus supplied by a dural ameriovenous fistula, Afrer
Contrast adininistration inghr, multiple, serpenuns, ennancing veins
farowel an the ventra! and dosal aspect of the thoradic spinat vordd
are visualized, disgnastic of aneriovenaus matformation. This parisnt
#as 4 54-year-old man with a 4-year history of progressive paraparesis,

progressive spastic syndrome with variabie sensory and bladder distur-
bance (Chap. 181). Approximately half of patients have mild back or leg
pain. The neurologic signs may be asymmetric, often lacking a well-de-
fined sensory level; the only sign in the arms may be hyperreflexia afrer
several years of illness. The onset is insidious, and the illness is slowly
progressive at a variable rate; most patients are unable to walk within 10
years of onset, This presentation may resemble primary progressive M$
ar a thoracic AVM. Diagnosis is made by demonstration of HTLV-1-
specific antibody in serum by enzyme-iinked immunosorbent assay
{ELISA}, confirmed by radicimmunoprecipitation or western blot anal-
ysis. There is no effective treatment, but symptomatic therapy for spas-
ticity and bladder symptoms may be helpful.

A progressive myelopathy may also result from HIV infection
(Chap. 182). It is characterized by vacuolar degeneration of the poste-
rior and lateral tracts, resembling subacute combined degeneration
{see below).

SYRINGOMYELIA

Syringomyelia is a developmental cavitary expansion of the cervical
cord that is prone to enlarge and produce progressive myelopathy.
Symptoms begin insidiously in adolescence or easly adulthood,
progress irregularly, and may undergo spontaneous arrest for several
years. Many young patients acquire a cervical-thoracic scoliosis, More
than half of all cases are associated with Chiari type I malformations
in which the cerebellar tonsils protrude through the foramen magnum
and into the cervical spinal canal. The pathophysiology of syrinx ex-
pansion is controversial, but some interference with the normal flow
of CSF seems likely, perhaps by the Chiari malformation. Acquired
cavitations of the cord in areas of necrosis arc also termed syrinx cavi-
ties; these follow trauma, myelitis, necrotic spinal cord tumors, and
chronic arachnoiditis due 1o tuberculosis and other ctiofogies.

The classic presentation is a central cord syndrome consisting of a
dissociated sensory foss and areflexic weakness in the upper limbs. The
sensory deficit is recognizable by loss of pain and temperature sensa-
tion with sparing of touch and vibration in a distribution that is “sus-
pended” over the nape of the neck, shoulders, and upper arms (cape
distribution) or in the hands. Most cases begin asymmetrically with
unilateral sensory loss in the hands that leads to injuries and burns
that are not appreciated by the patient. Muscle wasting in the lower
neck, shoulders, arms, and hands with asymmetric or absent reflexes
in the arms reflects expansion of the cavity into the gray matier of the
cord. As the cavity enlarges and further compresses the long tracts,
spasticity and weakness of the legs, bladder and bowel dysfunction,
and a Horner’s syndrome appear. Some patients develop facial numb-
ness and sensory loss from damage to the descending tract of the tri-
gemninal nerve (C2 levet or above). In cases with Chiari malformations,
cough-induced headache and neck, arm, or facial pain are reported.
Extension of the syrinx into the meduila, syringobulbia, causes palatal
or vocal cord paralysis, dysarthria, hotizontal or vertical nystagmus,
episodic dizziness, and tongue weakness,

MRI scans accurately identify developmental and acquired syrinx
cavities and their associated spinal cord enlargement (Fig. 372-7%
MRI scans of the brain and the entire spinal cord should be obtained
to delineate the full fongitudinal extent of the syrinx, assess posterior
fossa structures for the Chiari malformation, and determine whether
hydrocephalus is present.

[ syrinGomyELIA

Treatment of syringomyedia i genefally unsatisfacrory. The Chiari 1onsiltar
herruarion is usually decompressed, generaliy by suboccipiial caniectomy,
upper cervic al lamisecromy, and placement of o dural graft, Obstruction of

ourth ventiicular outflow is reestabiished by, thie. procedure it the SYIINK

Cairy s large, some surgecns recormend direcl dogempression o drain:
age by one of a nuinber o methods, Bot the adeded benefit of this nroce
Sure i ancertain. and morbsdity is common. with Chiar maformatiors,
shufting of hydrocephaius should generally precede any atempt to cor-
rect the sytinx. Surgery may stabilize the neurniogic deficit, and some pa-
tents Improve,




FIGURE 372-7 MRI of syringo-
myella associated with a
Chiari malformation. Sagittal
T1-weighted image through
the cervical and upper thoracic
spine demonstiates descent of
the cerebellar tonsils and vermis
below the level of the foramen
magnurm {black arrowsh. Within
the substance of the cercal
and thoracic spinal cord, a CSF
collection dilates the central
canal (white arroves}.

Syringomyelia secondary to trauma G infection is treated with a decom-
pression and drainage procedure in which a smait shunt s inserted between
the syrinx cavity and the subarachncid space; alternatively, the cavity can be
fenestrated. Cases due to intramedullary spinal cord tumar are generaliy
managed by resection of the tumor.

CHRONIC MYELOPATHY OF MULTIPLE SCLEROSIS

A chronic progressive myelopathy is the most frequent cause of disabili-
ty in both primary progressive and secondary progressive forms of MS.
Involvemnent is typically bifateral but asymmetric and produces motor,
sensory, and bladder/bowel disturbances. Fixed motor disability appears
to result from extensive loss of axons in the corticospinal tracts; thus, the
symptoms are not simply due to demyelination. Diagnosis is facilitated
by identification of earlier attacks such as optic neuritis. MRI, CSF, and
evoked response testing are confirmatory. Therapy with interferon B,
glatiramer acetate, or natalizumab is indicated for patients with progres-
sive myelopathy who also have coexisting MS relapses. These therapies
are sometimes also offered to patients without relapses, despite the fack
of evidence supporting their value in this setting, M5 is discassed in
Chap. 373,

SUBACUTE COMBINED DEGENERATION (VITAMIN B, DEFICIENCY)

This treatable myelopathy presents with subacute paresthesias in the
hands and feet, lass of vibration and position sensation, and a pro-
gressive spastic and ataxic weakness. Loss of reflexes due to an associ-
ated peripheral neuropathy in a patient who aiso has Babinski signs,
is an important diagnostic due. Optic atrophy and irritability or ath-
er mental changes may be prominent in advanced cases and are rarely
the presenting symploms. The myelopathy of subacute combined de-
generation tends to be diffuse rather than focal; signs are generally
symmetric and reflect predominant invelvement of the posterior and
lateral tracts, including Remberg’s sign. The diagnosis is confirmed
by the finding of macrocytic red bload cells, a low serum B;: concen-
tration, clevated serum levels of honmocysteine and methylmalonic
acid, and in uncertain cases a positive Schilling test {Chap. 288).
Treatment is by replacement therapy, beginning with 1000 Ug of in-
tramuscular vitamin By, repeated at regular intervals or by subse-
quent oral treatment.

HYPOCUPRIC MYELOPATHY
This recently described myelopathy is virtoally identical 10 subacute
combined degeneration (described above) and prebably explains
many cases previously described with normal serum levels of By, Low
levels of serum copper are found and often there is also a low level of

serum cerufoplasmin. Some cases follow gastrointestinal procedures 2595

that result in impaired copper absorption, but many others are idio-
pathic. Impravement or at least stabilization may be expected with
reconslitution of copper stores by oral supplementation. The patho-
physiology and pathology are not known.

TABES DORSALIS

The classic syndromes of tabes dorsalis and meningovascular syphilis
of the spinal cord are now less frequent than in the past but must be
considered in the differential diagnosis of spinal cord disorders. The
characteristic symptoms of labes are fleeting and repetitive lancinating
pains, primarily in the legs or less often in the back, thorax, abdomen,
arms, and face. Ataxia of the legs and gait duc to loss of position sense
occurs in half of patients. Paresthesias, bladder disturbances, and acute
abdominal pain with vomiting (visceral crisis) occur in 15-30% of pa-
tients. The cardinal signs of tabes are loss of reflexes in the legs; im-
paired position and vibratory sense; Rombery’s sign; and, in almost all
cases, bilateral Argyll Roberison pupils, which fait to constrict to light
but accommadate, Diabetic polyradiculopathy may simulate tabes.

FAMILIAL SPASTIC PARAPLEGIA

Many cases of slowly progressive myclopathy are genetic in origin
{Chap. 369). More than 20 different causative loci have been identified,
including autosomal dominant, aulosomal recessive, and X-linked
forms. Most patients present with almost imperceptibly progressive
spasticity and weakness in the legs, usually but not abways symmetrical.
Sensory sympioms and sigas are absent or mild, but sphincter distur-
bances may be present. In some families additional neurologic signs are
prominent, including nystagmus, ataxia, or optic atrophy. The onset
may be as early as the first year of life or as late as middle adulthood.
Only symptomatic therapies for the spasticity are currently available.

ADRENOMYELONEUROPATHY

This X-linked disorder is a variant of adrenoleukodystrophy. Affected
maies usually have a history of adrenal insufficiency beginning in child-
hood and then develop a progressive spastic (or ataxic) paraparesis be-
ginning in early adulthood; some patients also have a mild peripheral
neuropathy. Female heterozygotes may develop a slower, insidiously
progressive spastic myelopathy beginning later in adulthood and with-
out adrenal insufficiency. Diagnosts is usually made by demonstration
of elevated levels of very long chain fatty acids in plasma and in cultured
fibroblasts. The responsible gene encodes ADLP, a perexisomal mern-
brane transparter that is 4 member of the ATP-binding cassette (ABC)
family. Steroid replacement is indicated if hypoadrenalism is present,
and bone marrow transplantation and nutritional supplements have
been attempted for this condition: without clear evidence of efficacy.

OTHER CHRONIC MYELOPATHIES

Primary lateral sclerosis | Chap. 369) is 2 degenerative disorder charac-
terized by progressive spasticity with weakness, eventually accompanied
by dysarthria and dysphonia; bladder symptoms accur ins approximately
half of patients. Sensory function is spared. The disorder resembles
ALS and is considered a variant of the motor neuron degenerations,
but without the characteristic lower motor neuron disturhance. Some
cases may represent familial spastic paraplegia, particularly auteso-
mal recessive or X-finked varieties in which a family history may be
absent,

There are a munber of rare toxic causes of spastic myelopathy, includ-
ing lathyrisem due to ingestion of chick peas containing the excitotoxin
R-N-oxalylaminoalanine (BOAA), scen primarily in the developing
world, and nitrous oxide inhalation producing a myelopathy identical
10 subacute combined degeneration. SLE (Chap. 313), Sjogren’s syn-

myclopathy without overt evidence of systemic disease. Cancer-refat-
ed causes of chronic myf’]npalh'{, besides the common neoplasti::
compressive myelopathy discussed earlier, include 2 rare paraneo-
plastic myelopathy {Chap. 97) or radiation injury (Chap. 374). It is
notable that metastases Lo the cord are probably more common than
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dreme {Chap. 311), and satcoidosis. {Chap, 3221 may gach causea . .
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either of these. In obscure cases, a cause can often be identified
through periodic reassessment,

REHABILITATION OF SPINAL CORD DISORDERS

The prospects for recovery from an acute destructive spinal cord lesion
fade after ~6 months. There are currently no effective means to promote
repair of injured spinal cord tissue; promising experimental approaches
include the use of factors that influence reinnervation by axons of the
corticospinal tract, nerve and neural sheath graft bridges, and the local
introduction of stern cells, The disab#lity associated with irreversible spi-
nal cord damage is determined primarily by the level of the lesion and
by whether the disturbance in function is complete or incomplete : }a-
ble 37211, Even a complete high cervical cord lesion may be compatible
with a productive life. The primary goals are development of  rehabili-
tation plan framed by realistic expectations and attention to the neuro-
logic, medical, and psychological complications that commonly arise.

Many of the usual symptoms associated with medical Hlnesses, es-
pecially somatic and visceral pain, may be lacking because of the de-
struction of afferent pain pathways. Unexplained fever, worsening of
spasticity, or deterioration in neurologic function should prompt a
search for infection, thrombophlebitis, or an intraabdominal patholo-
gy. The loss of normal thermoregulation and inability to maintain
normal body temperature can produce recurrent fever (quadriplegic
fever), although most episodes of fever are due to infection of the uri-
nary tract, lung, skin, or bone.

Bladder dysfunction generally results from loss of supraspinal in-
nervation of the detrusor muscle of the bladder watl and the sphincter
musculature, Detrusor spasticity is treated with anticholinergic drugs
{oxybutinin, 2.5-5 mg qid) or tricyclic antidepressants with anticho-
linergic properties (imipramine, 25-200 mg/d). Failure of the sphine-
ter muscle 1o relax during bladder emptying (urinary dyssynergia)
may be managed with the o-adrenergic blocking agent terazosin hy-
drochloride (12 myg tid or qid), with intermittent catheterization, or,
if that is not feasible, by use of a condom catheter in men or a perma-
nent indwelling catheter. Surgical options include the creation of an
artificial bladder by isolating a segment of intestine that can be cathe-
terized Intermittently (enterocystoplasty) or can drain continuously o
an external appliance {urinary conduit}. Bladder areflexia due to acute
spinat shock ar conus lesions is best treated by catheterization. Bowel
regimens and disimpaction are necessary in most patients to ensure at
least hiweekly evacuation and avoid colonic distention or obstruction.

Patients with acute cord injury are at risk for venous thrombosis and
pulmanary embolism. During the first 2 weeks, use of calf-compression

Concussion and Other

' _Head Injuries
Allan H. Ropper
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Almost 10 million head injuries occur annaally in the United States,
about 209 of which are serious enough to cause brain damage.

H. with perrmission. pressure sores often develop, such as the
sacral prominence and heels. Early treai-
ment of ulcers with careful cleansing, surgical or enzyme debridement of
necrotic tissue, and appropriate dressing and drainage may prevent infec-
tion of adjacent soft tssue or bone.

Spasticity s aided by stretching exercises to maintain mobility of joints.
Drug treatment is effective but may result in reduced function, as some
patients depend upon spasticity as an aid to stand, transfer, or walk. Bac-
loten (15-240 mg/d in divided doses) is effective; it acts by facilitating
GABA-mediated inhibition of motor reflex arcs. Diazepam acts by a simi-
lar mechanismn and is useful for leg spasms that interrupt sleep (2-4 mg at
bedtime). Tizanidine (2-8 mg tid), an o, adrenergic agonist that increas-
¢s presynaptic inhibition of mator neurons, is another option, For non-
ambulatory patients, the direct muscle inhibitor dantrolene (25-100 mg
qid) may be used, but it is potentiatly hepatotoxic, In refractory cases, in-
trathecal baclofen administered via an implanted pump, botulinum toxin
injections, or dorsal rhizotomy may be required to control Spasticity.

A paraxysmal autonomic hyperreflexia may occur following lesions
above the major splanchnic sympathetic outflow at T6, Headache,
flushing, and diaphoresis above the level of the lesion, as well as hyper-
tension with bradycardia or tachycardia, are the major symptoms. The
trigger is typically a noxious stimulus—for example, bladder or bowel
distention, a urinary tract infection, or 2 decubirus ulcer—below the
tevel of the cord lesion. Treatment consists of remaval of offending
stimuli; ganglionic blocking agents {mecamylamine, 2.5-5 mg) or oth-
er short-acting antihypertensive drugs are useful in some patients.

Attention to these details allows longevity and a productive life for
patients with complete transverse myelopathies.

FURTHER READINGS
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agnostic criteria and nosofogy of acute transverse myelitis. Neurol-
gy 59:499, 2002

Tratl DE et ak Part I Spinal-cord neoplasms—intradural neo-
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Among men <35 years, accidents, usually motor vehicle collisions, are
the chief cause of death, and >70% of these involve head injury. Fur-
thermore, minor head injuries are so common that almost all physi-

- <ians will be called upon to provide immediate care or to see patients

who are suffering from various sequelae.

Medical personnel caring for head injury patients should be aware
that (1) spinal injury often accompanies head injury and care must be
taken to prevent compression of the spinal cord due to instability of
the spinal column; {2} intoxication is an important accompaniment of




traumatic brain injury and, when appropriate, testing should be car-
ried out for drugs and aicohel; and {3) accompanying systemic inju-
ries, including rupture of abdominal organs, may produce vascular
collapse or respiratory compromise requiring immediate attention.

TYPES OF HEAD INJURIES
CONCUSSION

This classically refers to an immediate but transient loss of copscious-
ness that is associated with a short period of amnesia. Some patients do
not lose consciousness after a minor head injury and instead may ap-
pear dazed, confused or report feeling “star struck.” The mechanics of
concussion involve a blunt forward impact that creares sudden deceler-
ation of the head and an anterior-posterior movement of the brain
within the skull. Severe concussion may precipitate a brief convulsion
or autonomic signs such as facial pallor, bradycardia, faintness with
mild hypotension, or sluggish pupillary reaction, but most patieats are
soon neurologically normal. The loss of consciousness in concusston is
believed 1o be a transient clectrophysiologic dysfunction of the reticular
activating system in the upper midbrain caused by rotation of the cere-
bral hemispheres on the relatively fixed brainstem (Chap. 268).

Gross and light-microscopic changes in the brain are usually absent
following concussion, but biochemical and uhrastructural changes,
such as mitochondrial ATP depletion and local disruption of the bleod-
brain barrier, suggest that transient abnormalities occur. CT and MRI
scans are usually normal; however, a small number of patients will be
found 1o have an intracranial hemorrhage or brain contusion.

A brief period of both retrograde and anterograde amnesia is typi-
cal of concussion and disappears rapidly in alert patients. The memory
loss spans the moments before impact but with severe injuries loss of
memory may encompass the previous days or weeks (rarely months).
The extent of retrograde amnesia roughly correlates with the severity
of injury. Mermory is regained in an orderly way from the most distant
te recent memories, with islands of amnesia occasionally remaining.
The mechanism of amnesiz is not known. Hysterical posttraumatic
amnesia is not uncommon after head injury and should be suspected
when inexplicable abnormalities of behavior occur, such as recounting
events that cannot be recalled on later testing, a bizarre affect, forget-
ting one’s own name, or a persistent anterograde deficit that is exces-
sive in comparison with the degree of injury. A fivther discussion of
appresit is provided s Chagy, 37,

A single, uncomplicated concussion only infrequently produces
permanent neurobehavioral changes in patierts who are free of preex-
isting psychiatric problems and substance abuse. Nonetheless, residual
minor problems in memaory and concentration may have an anatomic
correlate in microscopic cerebral lesions {see below).

CONTUSION, BRASN HEMORRHAGE, AND AXONAL SREARING LESIONS
A surface bruise of the brain, or confusion, consists of varying degrees
of petechial hemorrhage, edemna, and tissue destruction. Contusions
and decper hemorrhages result from mechanical forces that displace
and compress the hemispheres forcefully and by deceleration of the
brain against the inner skull, either under a point of impact {coup le-
sion} or, as the brain swings back, in the antipolar area (contrecoup le-
sion). Trauma sufficient to cause prolonged unconsciousness usuaily
praduces some degree of contusion. Blunt deceleration impact, as
from an automobile dashboard or from falling forward while drunk,
causes contusions on the orbital surfaces of the frontal lobes and the
anterior and basal portions of the lemporal lobes. With lateral forces,
as from impact on an awtomobile deor frame, the contusions are situ-
ated on the lateral convexity of the hemisphere, The clinical signs are
determined by the location and sive of the contusion; often, there are
no focal neurologic abnormalities. A hemiparesis or gaze preference is
faifhy typical of ‘Tmoderately sized contasions. Targe bildteral contu-
sions produce coma with extensor posturing, while those limited to
the frontal lobes cause a tactturn state. Contusions in the temporal
lobe may cause delirium or un aggressive, combative syndrome.
Contustons are easily visible on CT and MRI scans, appearing as in-
homogeneous hyperdensities on CT and as hyperintensities on MR;

FIGURE 373-1 Traumatic cerebral contusion. MNoncontrast CT scan
demonstrating a hyperdense hernorrhagic region in the anterior tem-
poral iobe.

the signal changes reflect small scattered areas of cortical and subcorti-
cal blood and localized brain edema “Fig. 17515 there is usually some
subarachnoid bleeding detected by scans or lumbar puncture. Bleod
in the cerebrospinal fluid (CSF} resulting from trauma may provoke a
mild inflammatoty reaction. Over a few days, contusions acquire a
surrounding contrast enhancement and edema that may be mistaken
for tumor or abscess. Glial and macrophage reactions result in scarred,
hemosiderin-stained depressions on the cortex {plaques jaunes) that
are the main source of posttraumatic epilepsy.

Torston or shearing forces within the brain cause hemorrhages of
the basal gangiia and other deep regions. Large hemorrhages afler mi-
nor trauma suggest that there is a bleeding diathesis or cerebrovascular
amylotdosis. For unexplained reasons, deep cerebral hemorrhages may
not develop until several days after injury. Sudden neurologic deterio-
ration in a comatose patient or a sudden rise in intracranial pressure
(ICP) should therefore prompt investigation with a CT scan.

Another type of deep white matter lesion consists of widespread
acute disruption, or shearing, of axons at the time of impact. Most
characteristic are small areas of tissue injury in the corpus callosum
and dorsolateral pons. The presence of widespread axonal damage in
both hemispheres, a state called diffuse axonal injury, is proposed to
explain persistent coma and the vegetative state after closed head inju-
ry {Chap. 268), but small ischemic-hemorrhagic lesions in the mid-
brain and thalamus are as often the cause of this clinical state. Only
severe shearing lesions that comtain blood are visualized by CT, usually
in the corpus callosum and centrum semiovale @ ig. 173 2% however,
special imaging sequences of the MRI can demonstrate such lesions
throughout the white matler.

SKULL FRACTURES
A blow 10 the skull causes fracture if the elastic tolerance of the bene is
exceeded, Intracranial lesions accompany roughly two-thirds of skul!
fractures, and the presence of a skall fracture increases manyfold the
chances of an vnderlving subdural or epidural hematoma. Conse-
quently, fractures are primarily markers of the site and severity of injury.
They also provide potential pathways for entry of bacteria (meningi-
tis) or air (pneumocephalus} to the CSF and for leakage of CST out
through the dura.

Most fractures are linear and extend from the point of impact to-
ward the base of the skull. Basilar skull fractures are often extensions

“7 ol adjacent Tinéar fractiires over the convekity of the skuli but'may oc-

cur independently owing to stresses on the floor of the middie cranial
fossa or occiput, Basilar fractures are usually parallel to the petrous
bone o along the sphenoid bone and directed toward the sella tuscica
and ethmoeidal groove. Although most bastlar fractures are uncompli-
cated, they can cause CSF leakage, pneumocephalus, and cavernous-
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FIGURE 373-2 Multipie smal! areas of hemorrhage and tissue dis-
ruption in the white matter of the frontal lobes on noncontrast (T
scan. These appear to reflect an extreme type of the diffuse axcnal
shearing fesions that ocour with closed head injury.

carotid fistutas. Hemotympanum (bleod behind the tympanic mem-
brane), delayed ecchymosis over the mastoid process (Batike sign), or
periorbital ecchymosis {“raccoon sign”) are associated signs, Because
routine x-ray examination may fail to disclose basilar fractures, they
should be suspected if these clinical signs are present,

CSF may leak through the cribriform plate or the adjacent sinus
and allow a watery discharge from the nose (CSF rhinorchea’. Persis-
tent rhinorrhea and recurrent meningitis are indications for surgical
repair of torn dura underlying the fracture. The site of the leak is often
difficult to determine, but useful diagnostic tests include the instilla-
tion of water-soluble contrast into the CSF followed by CT with the
patient in various positions, or injection of radionuclide compounds
or fluorescein into the CSF and the insertion of absorptive nasal
pledgets. The site of an: intermittent leak is rarely delineated, and many
resolve spontaneously.

Sellar fractures, even those associated with serious neuroendocrine
dystunction, may be radiologically occult or are evident by an air-fluid
level in the sphenoid sinus. Fractures of the dorsum sella cause sixth or
seventh nerve palsies or optic nerve damage.

Petrous bone fractures, especially those oriented along the long axis
of the bone, may be associated with facial palsy, disruption of ear ossi-
cles, and CSF otorrhea. Transverse petrous fractures are less common;
they almost always damage the cochlea or labyrinths and often the faciai
nerve as well. External bleeding from the ear is usually from local abra-
sion of the external canal but can also result from petrous fracture.

Fractures of the frontal bone are usually depressed, involving the
frontal and paranasal sinuses and the orbits; permanent anosmia re-
sults if the olfactory filaments in the cribriform plate are disrupted.
Depressed skull fractures are typically compound, but they are often
asymptomatic because the impact energy is dissipated in breaking the
bone; hawever, a few have underlving brain contusions. Debridement
and exploration of compound fractures are required in order to avoid
infection; simple fractures do not require surgery,

CRANIAL NERVE INJURIES

The cranial nerves most often injured with head trauma are the olfac-
tory, optic, oculomotor, and trochlear; the first and second branches
of the trigeminal nerve; and the facial and auditory nerves. Anosmiz
and an apparent Joss of taste (actually a loss of perception of aromatic

Mlavors, with elementary taste perception retained).occur in -~ Q-of ..

persons with serious head injuries, particularly after falls on the back
of the head. This is the result of displacement of the brain and shearing
of the olfactory nerve filaments and may oceur in the absence of a frac-
ture. Al least partial recovery of olfactory and gustatory function is the
rule, but if bilateral anosmia persists for several months, the prognosis

is poor, Partial optic nerve injuries from closed trauma result in blur-
ring of vision, ventral or paracentral scotomas, or sector defects, 1i-
rect orbital injury may cause short-lived blurred vision for ciose
objects due to reversible iridoplegia. Diplopia limited 10 downward
gaze and corrected when the head is tilted away fram the side of the af-
fected eve indicates trochlear nerve damage. It occurs frequently as an
tsolated problem after minor head injury or may develop afler a defay
of several days without pathophvsiologic explanation. Direct facial
nerve injury caused by a basilar fraciure s present immediately in up
lo 3% of scvere injuries; it may also be defayed 5-7 days. Fractures
through the petrous bone, particularly the less common transverse
type, are lable 10 produce facial palsy. Delaved palsy, the mechanism
of which is unknown, has a good prognosis. Injury to the eighth crani-
al nerve from a fracture of the petrous bone causes foss of hearing, ver-
ligo, and nystagmus immediatcly after injury. Deafness from eighth
nerve injury musi be distinguished from that due to rupture of the
cardrum, blood in the middle ear, or disruption of the ossicles from
fracture through the middle car. Dizziness and high-tone hearing loss
occur with direct cochlear concussion.

SEITURES

Comvilsions are surprisingly uncommon immediately after a head in-
jury, but a brief period of tonic extensor posturing or a few cloaic
movements of the limbs just after the moment of impact can occur.
However, the cortical scars that evolve from contusions are highly epi-
leptogenic and may later manifest as seizures, even after many vears
{Chap. 363). The severity of injury roughly determines the risk of fu-
ture seizures. It has been estimated that 17% of individuals with brain
contusion, subdural hematoma, or prolonged loss of consciousncss
will develop a scizure disorder and that this risk extends for an indefi-
nite period of time, whercas the risk is 2% after mild injury. The ma-
jority of convulsions in the laiter group occurs within 5 years of injury
but may be delayed for decades. Penetrating injuries have a much
higher rate of subsequent epifepsy.

SUBDURAL AND EPIDURAL HEMATOMAS

Hemorrhages beneath the dura (subdural) or between the dura and
skull (epidural} each have characteristic clinical and radiclogic fea-
tares. They are associated with underlying contusions and other inju-
ries, often making it difficuldt to determine the relative contribution of
cach component to the clinical state. The mass effect and raised TCP
caused by these hematomas may be life threatening, making it impera-
tive to identify them rapidly by CT or MRI scan and 1o remove them
when appropriate,

Acute Subdural Hematoma ¥iy. 373-37 Up to one-third of patients
have a lucid interval lasting minutes to hours before coma supervenes,
but most are drowsy ot comatase from the moment of injury. Direct
cranial trauma may be minor and is not reqaired for acute subdural
hemorrhage 1o oceur, especially in the elderly and thase taking antico-
agulant medications. Acceleration forces alone, as from whiplash, are
sometimes sufficient to produce subdural hemorrhage. A unilatera
headache and slightly enlarged pupi! on the same side are frequently
but not invariably present. Stupor or coma, hemiparesis, and unitater-
al pupillary enlargement are signs of larger hematomas, In an acutely
deteriorating patient, burr (drainage) holes or an emergency cranioto-
mry are required. Small sabdural hematomas may be asymptomatic
and usually do not require evacuation.

A subacutely evolving syndrome due to subdural hematoma occurs
days or weeks after injury with drowsiness, headache, confusion, or
mild hemiparesis; it uswally arises in alcoholics and in the elderly, of-
ten after only minor trauma.

On imaging-stodies subdural hematomas appear-as crescentic-col-- - -+

lections over the convexity of one or both hemispheres, maost com-
monly in the frontotemporal region, and less often in the inferior
middle fossa or over the occipital poles (Fig. 373-3}, Interhemispheric,
posterior fossa, or bilateral convexity hematomas are less frequent and
are difficult to dizgnose chinically. although drowsiness and the signs




FIGURE 373-3 Acute subdural hematoma. Noncontrast ZT scan re-
veals a hyperdense clot which has an wregular border with the brain
and causes more horizontal displacerent {mass effect) than miaht be
expected from its thickness. The disproportionate mass effect is the re-
suft of the large rostral-caudat extent of these hematomas. Compare
1o Fig, 3734,

cxpected for damage in each region can usually be detected. The
bleeding that causes larger hematomas is primarily venous in origin,
although additional arterial bleeding sites are sometimes found at op-
eration and a few large hematomas have a purely arterial origin.

Epidural Hematoma Fig. 373-41 These evolve more rapidly than sub-
dural hematomas and are correspondingly more treacherous. They oc-
cur in up to 10% of cases of severe head injury but are associated with
underlying cortical damage less often than are subdural hematomas.
Most patients are unconscious when first seen. A “lucid interval” of
several minutes to hours before coma supervenes is most characteristic
of epidural hemorrhage, but it is still uncommon, and epidural hem-
orrhage is by no means the only cause of this temporal sequence. Rap-
id surgical evacuation and ligation or cautery of the damaged vessel
that is the source of bleeding, usuaily the middle meningeal artery that
has been lacerated by an overlying skull fracture, is indicated.

Chronic Subdural Hematoma A history of trauma may or may not be
elicited in relation to chronic subdural hematoma. The causative injury
may have been trivial and forgotten; 20-30% of patients recall no head

FIGURE 373-4 Acute epidural hematoma. The tightly attached ddura

s stripeed frem the inner takle of the skyll, praducing a charactensti
lenticular-shaped hemorrhage on noncontrast ©F scan Fpicdural he-
rmatomas are usually caused by teaning of tne middle meningeal artery
following fraciure of the temporal bone.

FIGURE 373-5 CT scan of chronic bilateral subdural hematomas
of different ages. The collections began as acute hematomas and
have become hypodense in comparison 1o the adjacent brain after a
period during which they were isodense and difficult to appreciate.
some areas of resolving blood are contsined on the more recently
formed coliection on the left {arrows),

injury, particularly the elderly and those with clotting disorders. Head-
ache is common but not invariable. Additional features may include
slowed thinking, vague change in personality, seizure, or a mild hemipa-
resis. The headache may fluctuate in severity, sometimes with changes in
head position. Bilateral chronic subdural hematomas produce perplex-
ing clinical syndromes. Focal signs such as hemiparesis may be lacking,
and the initial clindcal impression may be of a stroke, brain tumor, drug
intoxication, depression, or a dementing iflness because drowsiness,
inattentiveness, and incoherence of thought are more prominent than
focal signs such as hemiparesis. Patients with undetected bilateral sub-
durai hematomas have a low tolerance for surgery, anesthesia, and drugs
that depress the nervous system, remaining drowsy or confused for long
periods. Chronic hematomas rarely cause briel episodes of hemiparesis
or aphasia that are indistinguishable from transient ischemic attacks; on
occasion a chronic collection can expand over a period of days or weeks
and ¢linically resemble a brain tumor.

Skull x-rays are usually normal except for a shift of the calcified
pineal body to one side or an occasional unexpected fracture. In
fong-standing cases an irregular calcification of membranes that
surround the hematoma may be appreciated. CT without cantrast
infusion shows a low-density mass over the convexity of the hemi-
sphere tFig. 3733}, but between 2 and 6 weeks after the initial
bleeding the hemorrhage becomes jsodense compared to adjacent
brain and is then inapparent. Many subdural hematomas that are a
week or more in age contain areas of blood adjacent to intermixed
serous fluid. Bilateral chronic hematomas may fail to be detecied be-
cause of the absence of lateral tissve shifts; this circumstance is sug-
gested by a “bypernormal” CT scan with fullpess of the cortical sulci
and smafl ventricles in an older patient. The infusion of contrast
malerial demonstrates enhancement of the vascular fibrous capsule
surrounding the collection. MRI reliably identifies subacuie and
chronic hematomas.

Clinical observation coupled with serial imaging is a reasonable
approach to patients with few symptoms and small chronic subdural
collections, Treatment with glucocoriicoids alone is sufficient for
some hematomas, but surgical evacuation is more often successful,
The fibrous membranes that grow from the dura and encapsulate
the collection require removal to prevent recurrent fiuid accumula-

membranes, On imaging studies very chronic subdural hematomas
may be difficult to distinguish leom hygromas, which are collections
of CSE from a rent in the arachnoid membrane. Ax noted, cortical
damage vaderlying a chronic hematoma may serve as the origin of
seizures.
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MINOR IN]URY

The patient who is fully alert and attentive minutes after head injury
but who has one or more symptoms of headache, dizziness, faintness,
nausea, a single ¢pisode of emesis, difficulty with concentration, or
slight blurring of vision has a good prognosis with litile risk of subse-
quent deterioration. Such patients have usually sustained a concussion
and are expected to have a brief amnestic period. Children are par-
ticalarly prone to drowsiness, vomiting, and irritability, which are
sometimes delayed for several hours after apparently minor injuries,
Vasovagal syncope that follows injury may cause undue concern. Con-
stant generalized or frontal headache is common in the following days.
Ft may be migrainous (throbbing and hemicranial) in nature or aching
and bilateral. After several hours of observation, patients with minor
injury may be accompanied kome and observed for a day by a family
member or friend; written instructions to return if symptoms worsen
should be provided.

Persistent severe headache and repeated vomiting in the context of
normal alertness and no focal neurclogic signs are usually benign, but
radiclogic studies should be obtained and a period of observation in
the hospital is justified. The decision to perform imaging tests depends
largely on clinical signs that indicate the impact was severe (e.g., pro-
longed concussion, periorbital or mastoid hematoma, repeated vomit-
ing, palpable skull fracture), on the seriousness of other bedily
injuries, and on the degree of surveillance that can be anticipated after
discharge. Two prospective studies have suggested that older age, two
or more episodes of vomiting, >>30 min of retrograde or persistent
anterograde amnesia, seizure, and concurrent drug or aleohol intoxi-
cation are sensitive {but not specific) indicators of intracranial hemor-
rhage that justify CT scanning. It is appropriate to be more liberal in
obtaining CT scans in children since a small number, even without
loss of consciousness, will display intracranial lesions,

Concassion in Sports  [n the current absence of adequate data, a com-
mon sense approach has been taken to returning an athlete who has
suffered a concussion to physical activities. It is generally advisable to
avoid contact sports for several days at least, and for weeks after a se-
vere concussion or after more than one minor concussion or if there
are protracted neurologic symptoms ¢ fable 373-1}. These guidelines
are designed to avoid cognitive decline and an extremely rare compli-
cation of recurrent head injury, termed the second impact syndreme, in
which cerebral swelling follows a minor head injury. There is some ev-
idence that repeated concussions in football and soccer players are as-
sociated with mild but cumulative cognitive deficits, but this topic is
controversial.

INJURY OF INTERMEDIATE SEVERITY

Patients whe have persistent confusion, behavioral changes, subnormal
alertness, extreme dizziness, or focal neurologic signs such as hemipare-
sis should be admitted to the hospital and soon thereafter have a CT
scan. Usually a cerebral contusion or hematoma is found. The common
clinical syndromes in this group include (1) delirium with a disinclina-
rion to be examined or moved, expletive speech, and resistance if dis-
turbed (anterior temporal fobe contusions); (2] a quiet, disinterested,
slowed mental state {abulia} with dull facial expression alternating with
irascibility (inferior frontal and frontopolar contusions); (3] a focal defi-
cit such as aphasia or mild hemiparesis {due to subdural hematoma or
convexity contusion, or, less often but frequently missed, carotid artery
dissectton); (4} confusion and inattention, poar performance on simple
mental tasks, and fluctuating or slightly erroneous orientation {associat-
ed with several types of injuries, including those described above as well
as medial frontal contusions and interhemispheric subdural hemato-

{usually from labyrinthine concussion, but occasionally due to a poste-
tior fossa subdural hematoma or vertebral artery dissection}; and {6) di-
abetes insipidos (damage to the median eminence or pituitary stalk),
Injuries of this degree are often complicated by druy or alcohol intoxication,
and clinically inapparent cervical spine injury may be present.

GUIDELINES FOR MANAGEMENT OF CONCUSSION 1 SPORTS
Severity of Concussion :

Grade 1: Transient confusion, no {oss of consaousness (LO{’;,E# fsympmms
-resover withi 5 i - e e

Grade 2; Trarsient confusion, no LOC, but concussive sympidens of menta!
status abnormalities persist fonger thart 15 min.

Gratle 3: Any LOC, elther brief (seconds} or prolenged (minares),

On-site Evaluation

1. Mental status testing
a. Orientation—tme, place, person, circumstances of injury
. Concentration—digits backward, months of year in reverse order
. Memory-—narnes of ieams, detslls of contest, Tecent events, recail of
three words and oblects at Oand 5 min
1. Fingerto-nose with eyes open snd closed
3. Pupiliary synametry and feaction
4. Romberg and tandem gait
5. Provocative testing—40-yard sprint, 5 push ups, 5 sit ups, 5 knee bends
{development of dizziness, headaches, ar other symptoms is abnotnal) -

Management Guidelines

Grade 1: Remove from contest. Examine immeadlately and at 5 min intervas,
May Teturr to contest if exam clears within 15 min. A second grade 1 con-
cussion elliminates player far 1 week, with retum contingent upon nomal
neurclogic assessraent at rest and with exerfion.

Grade 2: Remove from contest, tannot return for at least 1 weok. Exarririe
at frequent intenvads on sideline. Formal meurologic exam the nexr day. If
headache or other symptoms persist for 1 week or longer, CT or MRI stan
is indicated. After 1 full asymptomatic week, repeat neurologic assess-
mertt at rest and with exercise bafore cleared to resurme play. A secord
grade 2 concusston eliminates player for at east 2 weeks following comn-
plete resciution of symptoms at rest or with exertion. i imaging shows
abnormality, plaver is removed from play for the season.

Grade 3: Transport by ambulance to emergendy department if still uncon-
SCIONS aF wotfisome signs are present; cervical spine stabilizstion maybe
indicated. Neurclogic exam and, when indicated, CT or MRl scan will -
quide subsequent management, Hospital admission indicated when
signs of pathology are present or if menzal statis remains abnormat,
firrdinigs are nomal at the time of the inftial medical evaluation, the ath-
lete may be sent home, but daily exarns as an outpatient aré indicated. A

- bwief (LOC for seconds) grade 3 concussion eliminates player for 3 week,
and 2 prolonged {LOC for minutes) grade 3 concussion far 2 weeks, fol-
lowing cormplete resolution of symptoms. A second grade 3 concussion
should aliminata player frorm sports for af feast 1 month following resciu-

tion of symptoms. Any abnormality on CT or MBI scans should result in
termination of the season for the athlete, and return 10 play atany ftare
time should be discouraged.

Source: Motified from Guality Stehdards Subcommittee of the American Acadermyof
Neurology: The American Acaderry of Newrology Practice Hondbook The American
Acaderny of Melrology; St Paul, Wi, 1097,

Most patients in this category, after appropriate surgical removal of
hematomas, improve over several days or weeks. During the first week
the state of alertness, memory, and other cognitive functions often fluc-
tuates, and irascibility or agitation is common. Behavioral changes are
worse at night, as with many other encephalopathies, and may be treat-
ed with smali doses of antipsychotic medications. Subtle abnormalities
of attention, intellect, spontaneity, and memory tend to return to nor-
mal weeks or months after the injury, sometimes surprisingly abruptly.
Persistent problems ins cognition are discussed below.

SEVERE ENJURY

Patients who are comatose from the onset require immediate neuro-
logic attention and resuscitation. After intubation, with care taken to
immobilize the cervical spine, the depth of coma, pupillary size and
reactivity, limb movements, and Babinski responses are assessed. As

—-wa)i-( 3 }-repetitive voring, nystagnrus, drowstness,and-unsteadiness-  soon as vitabfunetions permitand-cervicat spine wetaysand-a CT-scan

have been obtained, the patient should be transported to a critical care
unit where systemic cemplications that follow severe brain injury can
be treated. Hypoxia should be reversed and normal saline used as the
preferred resuscitation fluid. The finding of an epidural or subdural
hematoma or large intracerebral hemorrhage is an indication for




GLASGOW COMA SCALE FOR HEAD INJURY

Eye opening £ Verbal response (V)
Spontaneous 4 Oriented 5
To toud voice 3 Confused, disoriented 4
To pain - 2 Inappropriate words 3
Nil i Incomprehensible sounds 2
Best motor response {M) Nl ]
Dbeys 3
Localizes 5
Withdraws (flexion! 4
Abnormal flesion posturing . 3
Extension postufing 2
il 1

MNote: Coma score = £+ M+ V. Panents sconng 3 or 4 have an 859 chance of dying or
remaining vegetative, while scores >11 indicate only a 5105 likelihood of death or
vegetative state and B5% chance of moderate disabliny or good recovery. IntermedE
ate scores Lorrelate with praportional chances of re¢overy.

prompt surgery and intracranial decompression in an otherwise sal-
vageable patient. The use of prophylactic anticonvulsants has been
recommended by some neurosurgeons but there is little supportive
data. Manamement of raised 1K P @ freguent fosture of severe head
injory, is discussed in Chap, Joi

GRADING AND PROGNOSIS

In severe head injury, the clinical features of eye opening, motor re-
sponses of the limbs, and verbal output have been found to be general-
ly predictive of outcome, These three features are summarized in the
Glasgow Coma Scale; 2 score between 3 and 15 is assigned based on re-
sponses Cialde 711 Over 85% of patients with aggregate scores of
<5 die within 24 h. However, a number of patients with stightly higher
scores and a poor initial prognosis, including a few without pupillary
ight responses, survive, suggesting that an initially aggressive ap-
proach is justified in most patients. Patients <20 years, particularly
children, may make remarkable recoveries after having grave early
neurologic signs. In one large study of severe head injury, 55% of chil-
dren had a good outcome at 1 year, compared with 21% of adults.
Older age, increased ICP, early hypoxia or hypotension, and evidence
on imaging of compression of the cisterns surrounding the brainstem
and shift of midHtne structures are all poor prognostic signs. A delay in
the evacuation of large intracerebral hemorrhages is also associated
with a poorer prognosis.

Primary and Metastatic Tumors

of the Nervous System
Stephen M. Sagar, Mark A. israel

374

Malignant primary tumoss of the central nervous systern {CNS) oc-
cur in ~16,500 individuals and account for an estimated 13,000
deaths in the United Stales annually, a mortality rate of 6 per
100,000, The age-adjusted incidence appears to be about the sime
worldwide. An approximately equal number of beniga tumors of
the CNS are diagnosed, with a much tower mortality rate, Ghal -
mors account for 50-60% of primary brain tumors, meningiomas
for 25%, schwannomas for 0%, and other CNS tumors for the
remainder.

Brain and vertebral metastases from systemic cancer.are far more.
prevalent than primary CNS tumors. About 15% of patients who die
of cancer (80,000 individuals each year in the United States) have
symptomatic brain melastases; an additional 5% suffer spinal cord
involvement. Brain and spinal metastases therefore pose a major
problem in the management of svstemic cancer.

POSTCONCUSSION SYNDROME

The postconcussion syndrome refers to a state of nervous instability fol-
fowing mild or moderate head injury. The main features are fatigue,
dizziness, headache, and difficulty in concentration. The svndrome is
at times difficult to distinguish from asthenia and depression. Based
largely on experimental models, it has been proposed that subile ax-
onal shearing lesions or as yet undefined biochemical alterations ac-
count for the cognitive symptoms. In moderate and severe trauma,
neuropsychological changes such as difficulty with attention, memory,
and other cognitive deficits are undoubtedly present, sometimes se-
vere, but many deficits identified by formal testing do not impact daily
functioning. Test scores tend to improve rapidly during the first 6
months after injury, then more slowly for years.

I} concussion

Maragement of the varicus symptorms of the postconcussive syndrome re-
quires the identification and freatment of depression, sleeplessness, anxiety,
persistentt headache, and dizziness. & clear explanation of the problemns that
raay lollow concussion has been shown 10 reduce subsequent complaints.
Care is taken 10 avoid prolonged use of drugs that produce dependence.
Viestibular exercises (Chap. 30} and small doses of vestibular suppressants
such as phenergan raay be helpful when dizziness is the main problem. Pa-
tients wha after minor or maderate injury report difficuity with memaory or
with complex cognitive tasks at work may also be reassured that these prob-
lems usually improve over 6-12 months. 1t is helptul © obstain <erial and
quantified neurcpsychological testing in order to adjust the work environ-
ment to the patient’s current abifities and 1o document improvernent over
time. 'Whether cognitive exercises are useful is uncertain, but patients cer-
tainly report them to be so. Previously energetic individuals usually have the
best recoveries. In patients with persistent symptorns, the possibility exists of
malingering or prolongation as a result of litigation.

FURTHER READINGS

LOVELL MR et al: Recovery from concussion in high school athietes. ]
Neurosurg 98:296, 2003

Ropper AH (ed): Neurological and Neurosurgical Intensive Care, 4th
ed. Philadelphia, Lippincott Williams & Wilkins, 2004

, GOrsON KC: Concussion. N Engl | Med 356:166, 2007

Savora O, HiBLOM M: Early predictors of post-concussion symp-~
toms in patients with mild head injury. Eur } Neurol £0:175, 2003

APPROACH TO THE PATIEN?:
Brain Tumors

CLINECAR FEATURES  Brain tumors usually present with one of three
syndromes: (1) subacute progression of a focal neurologic deficir;
(2} seizure; or (3) nonfocal neurologic disorder such as headache,
dementia, personality change, or gait disorder. The presence of sys-
temic symptoms such as malaise, weight loss, anorexia, or fever
suggests & metastatic rather than a primary brain tumor.
Progressive focal neurologic deficits result from compression of
neurons and white matter tracts by expanding turnor and sur-
rounding edema. Less commonly, a brain tumor presents with a
sudden stroke-like onset of a focal neurologic deficit, Although this
presentation may be caused by hemorrhage into the tumor, often
no hemorthage can be demonstrated and the mechanism is ob-
scure. Tumnors frequently associated with hemorrhage include high-

-~ pradeghornss, metstatic melmorns, st choriocarchoms -~

Seizures may result from disruption of contical circuits. Tumors
that invade ar compress the cerebral cortex, even small meningio-
mas, are more likely to be associated with seizures than subcortical
neoplasms. Nonfocal neurologic dysfunction usually reflects in-
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creased intracranial pressure (1CP}, hydrocephalus, or diffuse tu-
mor spread. Tumors In some areas of the brain may produce
behavioral disorders; for example, frontal lobe tumors may present
with personality change, dementia, or depression.

Headache may result from focal irritation or displacement of
pain-sensitive structures (Chap, 15} or from a generalized increase
in ICP. A headache that worsens rather than abates with recumben-
cv is suggestive of a mass lesion. Headaches from increased ICP are
usually holocephatic and episodic, occurring more thar once a day.
They typically develop rapidly over several minutes, persist for 20~
40 min, and subside quickly. They may awaken the patient from a
sound sleep, generally 60~90 min after retiring. Vomiting may oc-
cur with severe headaches. As elevaled ICP becomes sustained, the
headache becomes continuous but varying in intensity, Elevated
ICP may cause papilledema (Chap. 29}, although it is often not
present in infants or patients >33 years.

The Karnofsky pertormance scale is useful in assessing patients
with brain tumors (Chap. 77). A score 270 indicates that the pa-
tient is ambulatory and independent in self-care activities; it is of-
ten taken as a level of function justifying aggressive therapy.

NEUROIMAGING CT and MR] can reveal mass effect and contrast
enhancement. Mass effect reflects the volume of neoplastic tissue as
well as surrounding edema. Brain tumors typically produce a vaso-
genic pattern of edema, with accumulation of excess water in sur-
rounding white mattez. Contrast enhancement reflects 2 breakdown
of the blood-brain barrier within the tumor, permitting leakage of
contrast agent. Low-grade gliomas typically do not exhibit contrast
enhancement,

Positron emission tomography (PET) and single-photon emis-
sian tomography (SPECT) have ancillary roles in the imaging of
brain tumors, primarily in distinguishing tumor recurrence from
tissue necrosis that can occur after irradiation (see below), Func-
tional imaging with PET. MRI, or magnetoencephalography may
be of use in surgical or radiosurgical planning to define the ana-
tomic relationship of the tumor to critical brain regions such as the
primary motor or language cortex.

LABORATORY EXAMINATION Primary brain tumors typically do not
preduce serologic abnormalities such as an elevated sedimentation
rate or tumor-specific antigens. In contrast, metastases to the ner-
vous systemn, depending on the type and extent of the primary w-
mor, may be associated with systemic signs of malignancy (Chap.
77). Lumbar puncture is generally not aseful in the diagnosis of
brain tumors. The cerebrospinal fluid (CSF} rarely contains malignant
cells, with the important exceptions of leptomeningeal metastases; pri-
mary CNS lymphoma; and primitive neureectodermal rurnors, in-
cluding medulloblastoma. The primary use of lumbar puncture in
the evaluation of 2 brain tumor is to exclude other diagnoses, such as
infection or demyelinating disease. Moreover, lumbar puncture may
precipitate brain hermiation in patients with mass lesions and should
be performed only in patients in whom imaging studies have dem-
onstrated the basilar cisterns to be patent,

I} 8RAIN TUMORS

SYMPTOMATIC  Glurocortie Gids decregse the volume of edema sur-
rounding brain tumors and smprove tesroiogic function; dexamest hasone
finitiakly 12-20 mg/d in divided doses PO ar W is used Decause it has rela-
tively litle mineralocorticoid activity. Because of the tosicitios of Jong term
glucocertcoid administration, the dexamethasone dose is 1apidly tapered
1o the lowest doge that telieves svmptoms,

. The veatment of epilepsy associated with brein dumars s lentical 1c the.

treatrment of ober forms of partial epilepsy. The firste agents phemdom,
carbamazepae, and walproic acid are enuaily etfec thve; levinac tarm and oxcar-
bazepine are also coming into wide use (Chap. 363 1 s Common practice e
adrinister anteepieptic drugs prophiylacticatly 1o all panents with supraten-
torial brain tumors, although there ate no good datd suppotiing this practice.

Glemas and primary TNS lymphornas are assodated with an increased
fisk for deep vemn thrambosis snd pulmonary embolism, probakily because
these Tumors secrote procosgulant faciors intg the systemic citrutation.
Even though hemaorrhage witho gliomas s a frequent histoparhaicgic find-
NG, PALENES Anc 25 nO Mcreased risk D0 svirpiomatic ntraceanial bieading
fallovang trestrert with an anticosuufant. Prophyladis with low-dose 5C
hepann shoud be sarploved 1or patients with brain temors who have Iowey
imby imrmebilite wheon olaces shem ar vsi o deep veraas thrombosiy.

PRIMARY BRAIN TUMORS
EHOLOGY

Exposure to ionizing radiation is the only well-documented environ-
menial risk factor for the development of gliomas. A rumber of hered-
itary syndromes are associated with an increased risk of brain tumors
CRable 374-14 Genes that contribute to the development of brain tu-
mors, as well as other malignancies, fall into two general classes, -
mor-stippressor genes and encogenes (Chap. 79). Whereas germ-ling
mutations ol such genes do occur in patients with hereditary predis-
position syndromes { Table 374-1}, most brain tumors do not occur in
patients with such recognizable syndromes. As is the case in all other
tumor types, somatic mufations are almost invariably present in ma-
lignant brain tumor tissue, Amplification of the EGFR gene occurs in
approximately one-third of cases of glioblastoma multiforme (GBM),
the highest grade astrocytoma. Moreover, cytogenetic analysis often
reveals characteristic changes that can signat the alteration in cancer-
related gencs within these chromosomal regions. In astrocytic tumors,
DNA is commonly lost on chromosomes 10p, 17p, 13g, and 9. Oligo-
dendrogliomas frequently have deletions of 1p and 19q, resulting from
a centromeric translocation and loss of one of the transiocated chro-
mosomes. In meningiomas portions of 22q, which contains the gene
for neurofibromatosis (NF) type 2, arc often lost.

The particular constellation of genetic alterations varies among in-
dividual gliomas, even those that are histologically indistinguishable.
Moreover, gliomas are genetically unstable. Genetic abnormalities
tend to accumulate with time, and these changes correspend with an
increasingly matignant phenotype. There are at least two genetic
routes for the development of GBM (Fig, 374-;. One rouie involves
the progression, generally over years, from a low-grade astrocytoma
with deletions of chromosome 17 and inactivation of the p53 gene to a
highly malignant glioma with additional chromosomal alterations.
The second route is characterized by the de novo appearance of a ma-
lignar glioma with amplification of the FGFR gene and an intact p53
gene in association with other genetic abnormalities,

ASTROCYTOMAS

Tumors with astrocyvtic cytologic features are the most common pri-
mary intracranial neoplasms (Fig, 374-2%, The most widely used histo-
logic grading system is the World Health Organization four-tiered
grading system, Grade | is reserved for special histologic variants of as-
trocytoma that occur mainly in childhood and can have an excellent
progrosis after surgical excision. These inctude juvenile pilocytic astro-
cytona, subependymal giant cell astroeytoma {which most often occurs
in patients with fuberous sclerosis), and pleiemoerphic xanthoastrocyro-
mar. Al the other extreme is grade IV GBM, a dinically aggressive tu-
mor. Astrocytoma (grade ) and anaplastic astrocytoma (grade [H) are
intermediate in their hiswolegic and clinfcal manifestations. The histo-
logic features associated with higher grade are hypercellularity, nuclear
and cvtoplasmic atvpia, endothelial proliferation, mitotic activity, and
necrosis, Endothelial proliferation and necrosis are strong predictors
of aggressive behavior,

Quantitative measures of mitotic activity also correfate with progno-
sis. The proliferation: index can be determined by immunohistochemical
staining with antibodies to the proliferating cefl nuclear antigen (PCNA)
or with a monocional antibody termed Ki-67, which recognizes a his-
tone protein expressed in proliferating but not quicscent cells.

The prognosis of brain wmor patients is clasely associated with the
histologic grade of the tumor. In a representative Finnish population, the




HEREDITARY SYNDROMES ASSOCIATED WITH BRAIN TUMORS

represent a population-based experience 2603

and are not influenced by selection bias.

Syndrome Gene (Locus) &Mpmdud (Function) Wsmm Clinical features correlating with poor
, trin 1 ’ 4 IR prognosis include age >63 and a poor
1 ek J e e functional status, s defined by the Kar-

(AT ; nofsky performance scale.
k i Low-Grade Astrocytema  Low-grade as-
Tuberous sclerosis TSI Hamartir wrknown funetion) Asrrécytc;ma trocytomas are more commen in children
TSC2 (160 Tubserin (GTPase activating than adults. Pilocytic astrocytoma, named
prozeing for its characteristic spindle-shaped cells,
von Hippel-Lindau® VAL (3p) pvHL {medulator of cellular Hemangioblastoma of ts the most cornmon childhood brain tu-
e dl e reting, cerebellum mor and is typicaliv benign. Tt frequently

and spinal cord; g -l .

pheochiomorytoma occurs in t:hc Lerebcllum an‘d is well de-
r. - ; T Y marcated from adjacent brain, Complete
il surgical excision usually produces Jong-

Rt 1 l f ridl, pineoiky term, disease-free survival,
i ) ! nigrant g The median overall survival of grade
Turcat AFC {5 APC {cell adhesion) Nedullob astorma, Il astrocytoma is 5-6 years. The opti-

ladencmatcus malignant glicima i L

polyposis col mum  timing of surgery apd radiation
Gorlin (basal celf nevas PTCH (9g) PTH (developmental Med iloblastoms therapy for these patients is unknown.
syndrome} {patched) reguiator) Since astrocytomas infiltrate surround-

Menin {cofactor for
transcription}

Multiple endocrine MENT (11g13)
neoplasia 1 (Werner

syndrome)?

g brain, total surgical excision is im-
possible. Moreover, they are genetically
unstable and accumulate mutations over

Pituitary adenoma,
malignant schwannoma

SGenatic 1esting possitie,

median survival was 93.5 months for patients with grade 1 or I[ astrocy-
tomas, 12,4 months for patients with grade III {anaplastic astrocytoma),
and 5.1 months for patients with grade IV (GBM) tumors. Although
these survival rates are somewhat lower than are generally reported, they

Cell of origin ICeII of origin I
EGFR amplification LOH 17p (p59)
1
LOH 10 {FTEN) Astrocytoma
i WHO Grade 1|
! LOH 18g
CDK4 ampiilication LOH Bp (INK4a)
¥
Astrocytoma i
MOM2 ampificaton WHO Grade il |
| Other LOH (e.g., DCC) LOH 10g {PTEM)
Other LOH jag . DGC)
Othor arnpilicadion
b amplbfication l (e.g.. PDGFR)
I img.. PINGFR |J!

Sacondary GBM,

WHO Grads IV

do nova: GBM,
WHO Grade IV

FIGURE 374-1 Model for the pathogenesis of human astrocy-
toma. Giiotlastoma multiforme (GBM} typically presents without s -
dence of a precurscr lesion, referred to 33 de nave GBM, frequently
associated with ampiffication of the epidermal growth faciorn receptor
(FGFRY- gt {P%W '(":w aﬁmmmwmwwpfm
$ivE JeNETIC 7 ASTTOCY-
toma. 1
wigdeiv dacenbad afrerations ae sl
genes imphtated @ the deveiopment G thess pomdry 2rain ownors
00 and BLOGIR LGH, 1oss of hetercryGosity.

st

oot S and INKdg ke

aiciude TORE MADAZ,

time, leading 10 more aggressive behav-
ior. For patients who are symptomatic
from mass effect or poorly controlled
epilepsy, surgical excision can relieve symptoms. For patients who are
asymptornatic or miniazally symptomatic at presentation, a diagnostic
biopsy should be performed and, when surgically feasible, the tumeor
may be resected. Whether radiation therapy is administered immedi-
ately postoperatively or al the time of tumor progression is not
thought to affect overall survival, but immediate radiation therapy
does delay tumor progression. No role fur chemotherapy in the man-
agement of low-grade astrocytorma has been defined.

High-Grade Astrocytoma  The large majority of astrocytomas arising
in adults are high grade, supratentorial, and do not have a clearly de-
fined margin between normal and malignant tissue. Neoplastic cells
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~HGURE 373 Matigrant astrocytoma (ghiobinstorral. €mma+pm b e

ton density-weighted MR scan through the tempaoral iobes deman-
stiates @ heterogeneous rght Terngora lole mass lorrows) cormpressing
the thirg and lateral veririctes, The area of hypointense signet (douils
arrowss indicates efther hernorrhage or caicification. Heterageneous MR
sgnal intensity s typical of glioblastoma.
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MGMT pene coding for -OP-methylgua-

often tracking along white matter pathways. Imaging studies do not
indicate the full extent of the tumor. These tumors are aimost all even-
tually fatal. Median survival of patients with grade [ astrocytoma is
<3 years and for those with a grade IV tumor, <1 ycar. Longer survival
correlates with younger age, better performance status, and greater ex-
tent of surgical resection. Late in their course, astrocytomas, especially
those located in the posterior fossa, can metastasize along CSF path-
ways to the spine. Metastases outside the CNS are rare.

High-grade astrocytomas are managed with glucocorticoids, sur-
gery, radiation therapy, and chemotherapy. Dexamethasone is generally
administered at the time of diagnosis and continued for the duration of
radiation therapy. After completion of radiation therapy, dexametha-
sone s tapered to the lowest possible dose.

Because astrocytomas infiltrate adjacent normal brain, total surgi-
cal excision is not possible. Nevertheless, retrospective studies indicate
that the extent of tumeor resection correlates with survival in vounger
patients. Therefore, accessible astrocytomas are generally resected ag-
gressively. Surgery is indicated to obtain tissue for pathologic diagno-
sis and to control mass effect.

Postoperative radiation therapy prolongs survival and improves
quality of life. Treated with dexamethasone alone following surgery,
the mean survival of patients <65 vears with glioblastorna is 7-9
months. Survival is prolonged to 11-13 months with radiation thera-
py. For primary glial tumors, radiation is generally administered to the
tumor mass, as defined by contrast enhancement on a CT or MRI
scan, plus a 2-cm margin. A total dose of 5000-7000 cGy is adminis-
tered in 25-35 equal fractions, 5 days per week.

The roles of stereotaxic radiosurgery and interstitial brachytherapy
in ghioma treatment are uncertain. Stereotaxic radiosurgery is the ad-
ministration of a focused high dose of radiation to a precisely defined
volume of fissue in a single treatment. Stereotaxic radiosurgery can
potentially achieve tumor ablation within the treated volume. A major
limitation of stereotaxic radiosurgery is that it can be used for only rel-
atively smalf tumors, generally <4 cm in maximum diameter. Intersti-
tial brachytherapy, the implantation of radiocactive material into the
tumor mass, is generally reserved for tumor recurrence because of its
associated toxicity, necrosis of adjacent brain tissue.

Chemotherapy is marginally effective and is often used as an adjuvant
therapy following surgery and radiation therapy. Temozolomide, an oral-
ly administered alkylating agent, has re-
placed nitrosureas, including carmustine
(BCNU)} and lomustine {CCNUY, as the
maost widely used chemotherapeutic agent
for high-grade gliomas. Temozolomide is
generally better tolerated than nitroso-
ureas, notably producing less fatigue and
pulmonary toxicity, and has the advantage
of oral administration. Moreover, a ran-
domized trial of radiation therapy plus te-
mozotomide for the adjuvant treatment
of GBM compared to radiation therapy
alone was the first clinical trial to demon-
strate a clear-cut advantage of adjuvant
chemotherapy for that disease. The pa-
tients who received radiation therapy plus
temozolomide had a median survival 2112
months fonger than those who received
radiation therapy alone. The modest sur-
vival benefit appears 1o be restricted 10 a
subgroup of patients with methylaton
and silencing of the promoter for the

nine-DNA methyliransterase,

An alternative approach to the chemo-
therapy of high-grade gliomas that has
shown survival benehit in controlled trials
15 the surgical implantation directly into

=it temnporal obe (drrdws) a

the tumor resection cavity of polymer wafers that release BONU locally
into surrounding brain. The efficacy of this approach is simnilar te but
probably slightly less than that of temozolomide, although without the
attendant systermic toxicity of chemotherapy.

Experimental approaches to brain tumor chemotherapy incdlude ef-
forts to bypass the blood-brain barrier using local injection of chemo-
therapeatic agents into the turmor mass or the intraarterial injection of
chemotherapy following osmotic disruption of the blood-brain barri-
er. Molecularly targeted therapies are also being tested in patients with
GBM. In particular, since mutation or overexpression of EGFR is com-
mon in GBM, EGFR antagonists or inhibitors of its signaling pathways
are being evaluated in patients with GBM in clinical trials,

Gliomatosis cerebri is a rare form of astrocytoma in which there is
diffuse infiltration of the brain by malignant astrocytes without a focal
enhancing mass. [t generally presents as a muttifocal CNS syndrome or
a more generalized disorder including dementia, personality change, or
seizures. Neuroimaging studies are often nonspecific, and biopsy is re-
quired 1o establish the diagnosis. Gliomatosis cerebri is treated with
whole-brain radiation therapy or temozolomide; in selected patients,
radiation to the entire neuroaxis is emploved.

OLIGODENDROGLIOMAS
Oligodendrogliomas, which comprise about 15% of gliomas in adults,
have a more benign course and are more responsive to cytotoxic treatment
than astrocytomas. For grade 11 oligodendrogliomas, the median survival
is 7-8 years, and there are a substantial number of patients with prolonged
survival (>10 years). For grade III or anaplastic oligodendrogliomas, me-
dian survival is ~5 years, Oligodendrogliomas occur chiefly in supratento-
rial locations; in adulis, ~30% contain areas of calcification * i+iz. 3

As a rule, oigodendrogliomas are less infiltrative than astrocytomas,
permitting mere complete surgical excision. Histologic features of mito-
ses, necrosis, and nuclear atypia are associated with a more aggressive
clinical course. If these features are prominent, the tumor is termed an
anaplastic oligodendroglioma. Some gliomas contain mixtures of cells
with astrocytic and oligodendroglial features. It this mixed histology is
prominent, the tumor is termed a mixed glioma, or an oligoastrocytoma.
The greater the oligodendroglial component, the more benign the clini-
cal course,

Surgery, at minimum a stereotaxic biopsy, is necessary to establish a di-
agnosis. Many oligodendrogliomas are amenable to gross total surgical

g,

FIGURE 374-3 Oligodendroglioma. A. Noncontrast CT scan reveals a calcified mass invelving the
ssocialed will mild mass effedt Gul Bitie edema. B. An ME TZ-weighted
image demaonstrates a heterogeneous mass with hypointense sigral {hlack arrows! surrounded by 3
zone of higher sigral intensity (white arrows). consistent with a cakcified temporal lobe mass. The
tumor extends into the left medial temporal lobe and compresses the midbrain,




resection. In addition, oligodendrogliomas may respond drarmatically to
systemic combination chemotherapy with procarbazine, lomustine, and
vincnstine (PCV), or 1o temozolomide, which, aithough not approved by
the U.S, Food and Drug Admiristration (FDA} for this indication, is cuz-
rently much more widely used than PCV. Oligodendroghiomas with dele-
tons of chromosome lp always respond to chemotherapy, but only
~25% of oligadendrogliomas lacking the 1p deletion respond. The simud-
tanecus deletion of 1p and 19q, which results from a centromeric
translocation of chromesomes 1 and 19, predicts a durable response to
chemotheripy (>31 months on average) and a much longer survival. it
appears that the chromosomai translocation identifies a subgroup of ana-
plastic oligodendrogliomas with a less aggressive natural course, and re-
sponse to chemotherapy is another marker of that favorable phenotype.

EPENDYMOMAS

In adults, the most frequent histologic tvpe is myxopapillary ependy-
moma, which typically arises from the filum terminale of the spinal
cord and appears in the lumbosacral region. The term myxopapillary
refers to the papillary arrangement of tumor cells, which produce mu-
cin. Ependymomas in adults may also occur intracranially or at higher
levels of the spinal cord. On CT or MRI, ependymomas typically ap-
pear as diffusely enhancing masses relatively well demarcated from ad-
jacent neural tissue. Following gross total resection, the prognosis is
good, with >80% 5-year disease-free survival. Ependymomas that can-
not be totally resected are treated with stereotaxic radiosurgery or with
a course of external beam radiation therapy.

MEDULLOBLASTOMAS AND PRIMITIVE NEUROECTODERMAL TUMORS (PNET)
These highly cellular malignant tumors are thought to arise from neu-
ral precursor cells. Medulloblastomas occur in the posterior fossa and,
along with astrocytomas, are the most frequent malignant brain tu-
mors of children. PNET is a term applied to tumors histologically in-
distinguishable from medulloblastoma but occurring either in adults
or supratentorially in children. In aduits, >50% present in the posteri-
or fossa. These turnors frequently disseminate aleng CSF pathways.

If possible, these tumors should be surgically excised; the less re-
sidual tumor left hehind, the better the prognosis. In adults, surgical
excision of a PNET should be followed by irradiation of the entire
neuraxis, with a beost in radiation dose to the primary tumor. If the
tumor is not disseminated at presentation, the prognosis is generally
favorable. Aggressive treatment can result in prolonged survival, al-
though half of adult patients relapse within 5 vears of treatment.
Whereas chemotherapy is widely nsed in medulloblastoma and PNET
in children, its role in adults is not yet defined.

(NS LYMPHOMA

Primary (NS lymphoma Primary CNS lymphoma is typically a high-
grade B cell malignancy that presents within the neuraxis without
evidence of systemic lymphoma. These occur most frequently in im-
munocompromised individuals, specifically organ transplant recipi-
ents and patients with AIDS (Chap. 182). In immunocompromised
patients, CNS lymphomas are invariably associated with Epstein-Barr
virus infection of the tumor cells.

In immunocompetent patients, neuroimaging studies most often
reveal a uniformly enhancing mass lesion. Stereotaxic needle biopsy
can be used to establish the diagnosis, There is no benefit of surgical
resection unless there is a need for immediate decompression of a ife-
threatening mass effect. Leptomeningeal involvemnent is present in
~15% of patientts at presentation and in 509 at some time during the
course of the dlness. Moreover, the disease extends to the eyes in up to
15% of patients. Therefore, a slit-lamp examination and, if indicated,
anterior chamber paracentesis or vitreous biopsy is neceswry to define

THHATOTE DEPES— e e
The prognosis of primary CNS ]ymphoma is poor compared to histo-

logically similar lymphoma occurting cutside the CNS, Many patients
experience a dramatic clinical and radiographic response to glucocorti-
coids; however, refapse almost invariably occurs within weeks. The main-
stay of definitive therapy is chemotherapy. A single dose of rituximalb is

generally administered prior to cvtotoxic chernotherapy aslong as an en- 2605

hancing mass lacking a blood-tumor barrier is present. Chemotherapy
includes high-dose methotrexate, but multiagent chemotherapy, usually
adding vincristine and procarbazine, appears to be more effective than
methotrexate alone, Chemotherapy is followed in patients <60 years with
whole-brain radiatien therapy (WBET), WBRT is postpened as long as
possible or administered at recuced doses in patients >60 vears because
of the risk of dementia, gait disorder, and incontinence as manifestations
of late-delayed radiation toxicity. Consolidation therapy is typically with
high-dose cytarabine. Intraarterial chemotherapy with or without blood-
brain barrier disruption is an alternative. Intrathecal chemotherapy with
methotrexate can be added if leptomeningeal disease is present, but it has
not prover: to offer added benefit if high-dose methotrexate is used. De-
spite aggressive therapy, >90% of patients develop recurrent CNS disease.
The median survival of patients who tolerate treatment with high-dose
methotrexate is >3 vears.

In immunodeficient patients, primary CNS lymphoma may be ring-
enhancing rather than diffusely enhancing on CT or MRI (Fig. 374-41. It
may therefore be impossible by imaging criteria 1o distinguish primary
CNS lymphoma from metastatic malignancies or infections, particularly
toxoplastmosis. The standard approach to this dilemma in 2 nevrological-
ly stable patient is to administer antibiotics to treat toxoplasmosis for
2-3 weeks and then repeat neuroimaging. If the imaging shows clear im-
provement, antibiotic treatment is continued. If not, a stereotaxic brain
biopsy, which has substantially more risk in an immunodeficient than
an immunocompetent patient, is performed. Alternatively, when the
clinical situation permits a safe lumbar puncture, a2 CSF examination
demonstrating Epstein-Bart virus DNA in CSF in an immunodeficient
patient with neuroimaging findings consistent with lymphoma is diag-
nostic of primary CNS lymphoma. In organ transplant recipients, re-
versal of the immunosuppressed state can improve outcome, Survival
with AIDS-related primary CNS lymphoma is very poor, generally £3
months; pretreatment performance status, the degree of immunosup-
pression, and the extent of CNS dissemination at diagnosis all appear to
influence outcome,

Secondary (NS Lymphoma  Secondary CNS lymphoma is a manifes-
fation of systemic disease and almast always occurs in adults with
progressive B cell ymphoma or B cell leukemia who have tumor in-
volvement of bone, bone marrow, testes, or the cranial sinuses. The
leptomeninges are the most common site of CNS metastasis. Lepto-
meningeal lymphoma is usually detectable with contrast-enhanced CT
or gadolinium-enhanced MRI of the brain and spine or by CSF exam-
ination. Treatment consists of systemic chemotherapy, intrathecal che-
motherapy, and CNS irradiation. It is usually possible to suppress the
leptomeningeal disease effectively, although the overall prognosis is
determined by the course of the systemic lymphoma. Intraparenchy-
mal lymphoma metastases may be treated with radiation therapy or
svstemic chemotherapy,

MEKINGIOMAS
Meningiomas are derived from mesoderm, probably from cells giving
rise to the arachnoid granulations. These tumors are usually benign
and attached to the dura. They may invade the skull but only infre-
quently invade the brain. Meningiomas most often occur along the
sagitial sinus, over the cerebral convexities, in the cerebellar-pontine
angle, and along the dorsum of the spinal cord. They are more fre-
quent in women than men, with a peak incidence in middie age.

Meningiomas may be found incidentally on a CT or MRI scan or
may present with a focal seizure, a slowly progressive neurologic defi-
cit, or symptoms of raised HCP. The radiologic image of a durai-based,
extraaxial mass with dense, uniform contrast enhancement fs essen-
— ally-dingnosticy éthaﬂg#&éura*mﬂaﬁmmu&aiwbemm&dered
iFig. 374-55. A meningioma may have a “dural tail,” & streak of dural
enhancerment flanking the main tumor mass; however, this finding
may also he present with other dural tumors.

Total surgical resection of benign meningiomas is curative. If a total
resection cannot be achieved, local external beam radiotherapy or ster-
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FIGURE 374-4 CNS lymphoma. A. Proton density-weighted MR image
through the temporal iobe demonstrates a fow signal intensity nodule
(srnall arrows) surrounded by a ring of high signal intensity edema
{forger arrows). B, Tl-weighted contrast-enhanced axial MR demon-
strates ring enhancement surrounded by 3 nonenhanced rim of ederna.
I this patient with AIDS, a solitary lesion of this type is consistent with

eotaxic radiosurgery reduces the recurrence rate t <10%. For meningi-
omas that are not surgically accessible, radiosurgery is the treatment of
choice. Smalt asympiomatic meningiomas incidentally discovered in
older patients can safely be followed radiologically; these tumors grow
at an average rate of a few millimeters in diameter per year and only
rarely become symptomatic.

Rare meningiomas invade the brain or have histolegic evidence of
malignancy such as nuclear pleomarphism and celtular atypia. A high
mitotic index is also predictive of aggressive behavior. Hemangioperi-
cytoma, although not strictly a meningioma, is a meningeal tumor
with an especially aggressive behavior. Meningiomas with features of
aggressiveness and hemangiopericytomas, even if totally excised by
gross inspection, frequently recur and should receive postoperative ra-
diotherapy. Chemotherapy has no proven benefit.

FIGURE 374-5 Meningioma. (ornal postaontrast Thoweighted MR
image demonstrates an enhancing exiraadal mass arising from the
falx cerebri (arrowsy. There is a "dural tail” of contrast enhancement ox-
tending superiorly along the intrahemispheric septum.

either lymphioma or toxoplasmosis; the presence of muitiple lesions f3-
vors toxoplasmosis. € In a differsnt patient with iymphomatous menin-
gitis, an axial postcontrast Tl-weighted MR through the midbrain
demaonstrates multiple areas of abnormal enhancement in perventricu-
lar and subependymal regions (arows). Lymphoma tends 1o spread
subependymally at interfaces of CSF and brain parenchyma,

SCHWANNOMAS

These tumaors are also called newromas, neurinomas, or neurolermmomas,
They arise from Schwann cells of nerve roots, most frequently in the
eighth cranial nerve (vestibular schwannema, formerly termed acoustic
schwannoma ar acoustic neuroma}. The fifth cranial nerve is the second
most frequent site; however, schwannomas may arisc from any cranial
or spinal Toot except the optic and olfactory nerves, which are myeli-
nated by eligodendroglia rather than Schwann cells, Neurofibromatosis
(NF} type 2 (see below) strongly predisposes to vestibular schwanno-
ma. Schwannomas of spinal nerve roots also occur in patients with NF
type 2 as well as patients with NF type 1.

Eighth cranial nerve schwannomas typically arise from the vestibu-
lar division of the nerve, On MRI they are densely and uniformiy en-
hancing neoplasms ¢ Fiy. 374-63. Vestibular schwannomas enlarge the
internal auditory canal, an imaging feature that helps distinguish them
from other cerebellopontine angle masses. Because the vestibular svs-
tem adapts to slow destruction of the cighth nerve, patients with vestib-
ular schwannomas characteristically present with progressive unilateral
hearing loss rather than with dizziness or other vestibular symptoms.
Unexplained unilateral hearing loss merits evaluation with audiome-
try and an MRI scan (Chap, 3¢}. As a vestibular schwannoma grows, it
can compress the cerebellum, pons, or facial nerve. With rare excep-
tions schwannomas are histologicaily and clinicaily benign.

Whenever possibie, schwannomas should be surgically excised.
When the tumors are small, it s usuaily possible to preserve hearing in
the involved ear. In the case of large tumors, the patient is usually deaf
al presentation; nonetheless, surgery is indicated to prevent further
compression of posterior fossa structures. Stercotaxic radiosurgery is
also effeciive treatment for schwannoma and has a complication rate
equivalent to that of surgery.

OTHER BENIGN BRAIN TUMORS

Epidermoid tumors are cystic tumors with proliferative epidermal
cells at the periphery and more mature epidermal cells towards the
center of the cyst. The mature cells desquamate into the liquid center

--of the-cyst-Epidermaid tumors are thought to-arise fromrembrvonic

cpidermal rests within the cranium. They occur extraaxially near the
raidiine, in the middle cranial fossa, the suprasellar region, or the
cerebellopontine angle. These well-demarcated lesions are amenable
to complete surgical excision, Postoperative radiation therapy is
unnecessary,




FIGURE 374-6 Vestibular schwannoma, A, Axial nonconirast #R scan through the
cerebetlopontine angle demonstrates an extraaxial mass that extends into a wad-
enad internal audiory canal, disptacing the pons (orrows). B. Postcontrast T1-
weighted image dernonstrates intense enhancement of the vestibular schwannoma
iwhite arrows. Abnormal enhancement of the l=ft fifth nerve iblack arrow! most likely
represents another schwarinoma i this patient with neurofibromatosis type 2.

Diermoid cysts are thought to arise from embryonic rests of skin tis-
sue trapped within the CNS during closure of the neural tube. The
most frequent locations are in the midline supratentorially or at the
cerebellopontine angle. Histologically, they are composed of multiple
efements of the dermis including epidermis, hair follicles, and sweat
glands; they frequently calcify. Treatment is surgical excision.

Cramiopharyngiomas are thought to arise from remnants of Rathke’s
pouch, the mesodermal structure from which the anterior pituitary
ghand is derived (Chap. 333). Craniopharyngiomas typically present as
supraseilar masses. Because of their location, they may present as growth
faiture in children, endocrine dysfunction in adults, or visual loss in ei-
ther age group. Histologically, craniopharyngiomas resemble epidermaoid
tumors; they are usually cystic, and in adults 80% are calcified. Treatment
is surgical excision; postoperative external beam radiation or stereotaxic
radiosurgery is added if total surgical rernoval cannot be achieved,

Colloid cysts are benign tumors of unknown cellular origin that occur
within the third ventricle and can obstruct CSF flow. Other rare benign
primary brain tumors include neurocytomas, subependymomas, and
pleomorphic xanthoastrocytomas. Surgical excision of these neoplasms
ts the primary treatment and can be curative.

Pituitary tunrors are discussed in Chap, 333,

NEUVROCUTANEOUS SYNDROMES

This group of genetic diserders, atso known as the phakormatoses, produe-
s a variety of developmental abnormalities of skin along with an in-
creased risk of nervous system tumors [ Table 374-1). These disorders are
inherited as avtosomal dominant conditions with variable penetrance.

NEUROFIBROMATOSIS TYPE 1 (VON RECKLINGHAUSEN'S DISEASE)

NF1 is characterized by cutaneous newrofibramas, pigmented lesions of
the skin called café au laif spots, freckling in non-sun-cxposed areas such
as the axilla, hamartomas of the iris termed Lisch rodules, and pseudoar-
throsis of the tibia. Nearofibronmas are benign peripheral nerve tumors
composed of proliferating Schwann cells and fibroblasts. They present as
multiple, palpable, rubbery, cutancous tumors. They are generally asymp-
tomatic; however, if they grow in an enclosed space, e.g., the interver-

tebrat- foramten, -they--may -produce -a-conmpressive-radiculepathy-or -

neuropathy. Aqueductal stenosis with hvdrocephalus, scoliosis, short
stature, hypertension, cpilepsy, and mental retardation may also occur.
Patients with NFE1 are at increased risk of developing nervous sys-
tem neoplasms, including plexiform neurcfibromas, optic pathway
gliomas, ependymomas, meningiomas, astrocytomas, and pheochro-

malignant degeneration and become sarcomatous.

Munation of the NFI gene on chromosome 17 cadses
von Recklinghausen’s disease. The NFI gene is a tumor-
suppressor gene; it encodes a protein, neurofibromin,
which modulates signa} transduction through the ras
GTPase pathway.

NEURGFIBROMATOSIS TYPE 2

NEZ is characterized by the development of bilateral ves-
tibular schwannomas in »>90% of individuals whe inherit
the gene. Patients with NF2 also have a predisposition for
the development of meningiomas, gliomas, and schwan-
nomas of cranial and spinal nerves. In addition, a charac-
teristic type of cataract, juvenile posterior subcapsular
lenticular opacity, occurs in NF2, Multiple café au lait
spots and peripheral neurofibromas occur rarely.

In patients with NF2, vestibular schwannomas are
usually associated with progressive unilateral deafness
earty in the third decade of life. Bilateral vestibular
schwannomas are generally detectable by MRIT at that
time (Fig. 374-6). Surgical management is designed 1o
teeat the underlying tumor and preserve hearing as long
as possible.

This syndrome is caused by mutation of the NF2 gene
on chromosome 22¢. NF2 encodes a protein called neurofibromin 2,
schwannontin, or merlin, with homology to a family of cytoskeletal
proteins that includes moesin, ezrin, and radixin.

TUBEROUS SCLEROSIS {BOURNEVILLE'S DISEASE)

Tuberous sclerosis is characterized by cutaneous lesions, seizures, and
mental retardation. The cutaneous lesions include adenoma sebaceum
{factal angiofibromas), ash leaf-shaped hypopigmented macules (best
seen under ultraviolet illumination with a Wood's lamp}, shagreen
patches (vellowish thickenings of the skin over the lumbaosacral region
of the back), and depigmented nevi. Recogrizable by neuroimaging
studies, the presence of subependymal nodules, which may be calci-
fied, is characteristic. Tuberous sclerosis patients are at increased risk
of developing ependymomas and childhood astrecytomas, of which
>90% are subependymal giamt cell astrocytomas. These are benign neo-
plasms that may develop in the retina or along the border of the lateral
ventricles. They may obstruct the foramen of Monro and preduce hy-
drocephalus. Rhabdomyomas of the myocardium and angiomyomas
of the kidney, liver, adrenals, and pancreas may also occur.

Treatment is symptomatic. Anticonvulsants for seizures, shunting
tor hydrocephalus, and behavioral and educational strategies for men-
tal retardation are the mainstays of management. Severely affected in-
dividuals generally die before age 30.

Mutations in either the TSC-1 gene at 9q or the TSC-2 gene at 16p axe
associated with tuberous sclerosis. These genes encode tuberins, proteins
that modulate the GTPase activity of other cellular signaling proteins.

VON RIPPEL-LINDAU SYNDROME

This syndrome consists of retinal, cercbellar, and spinal hemangioblasto-
mas, which are stowly growing cystic tumors. Hypernephroma, renal cell
carcinotmi, pheochromocytoma, and benign cysts of the kidneys, pancreas,
epididymis, or liver may also occur, Erythropoietin produced by hemnan-
gioblastomas nmay result in polycythemia. Mutation of the von Hippel-
Lindau (VHL) gene on chromosome 3p, a {umor-suppressor gene, causes
this disorder. VHL encades a protein with multiple functions, including
madulation of signal transduction i response to cellular hypoxia,

TUMORS METASTATIC TO BRAIN
MECHARISMS OF BRAIN METASTASES

Brain metastases arise from hematogenous spread. The anatomic distri-
bution of brain metastases generally parallels regional cerebral blood
flow, with a predifection for the gray matter—whirte matter junction and

mocytomas, NeurcAibromas may underge secondary 2607
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Brain Spinal Cord

Siteof Primary ~ Metastases,  Matastases, Compression, -
Tumor % % %
tung 40 24 18
Breast i 41 24
Melanoma 10 12 4
Gastrointestinal 7 13 6

tract
Genfounnary 7 18

tract
{Other 17 10 n

tor the barder zone between middle cerebral and posterior cerebral ar-
tery distributions. The lung is the most common origin of brain metas-
tases; both primary lung cancer and cancers metastatic to the lung
frequently metastasize to the brain. Breast cancer (especially ductal carci-
noma} has a propensity to metastasize to the cerebellum and the posteri-
or pituitary gland. Other common origins of brain metastases are
gastrointestinal malignancies and melanoma < tabfe 37127, Certain less
cornmon tumors have a special propensity to metastasize to brain, in-
cluding germ cell tumors and thyroid cancer. By contrast, prostate can-
cer, ovarian cancer, and Hodgkin's disease rarely metastasive to the brain.

EVALUATION OF METASTASES FROM KNOWN CANCER
On MRI scans brain metastases typically appear as well-demarcated, ap-
proximately spherical lesions that are hypointense or isointense refative
to brain an T1-weighted images and bright on T2-weighted images. They
invariably enhance with gadolinium, reflecting extravasation of gadelini-
um through tumor vessels that lack a blood-tumor barrier < Fiy. 3747,
Small metastases often enhance uniformly. Larger metastases typicaily
produce ring enhancement surrounding a central mass of nonenhancing
necrotic tissue that develops as the metastasis outgrows its blood supply.
Metastases are surrounded by variable amounts of edema. Bleod prod-
ucts may also be seen, reflecting hemorrhage of abnormal tumar vessels.
The radiologic appearance of a brain metastasis is not specific. The
diftferential diagnosis of ring-enhancing lesions includes brain abscess,
radiation necrosis, toxoplasmosis, granulomas, tuberculosis, sarcoidosis,
demyelinating lesions, primary brain tumers, primary CNS lymphoma,
stroke, hemorrhage, and trauma. Contrast-enhanced CT scanning is
less sensitive than MRI for the detection of brain metastases. Cytologic

FIGURE 374-7 Brain metastasis. A, ~xial T2-weighted MRI through the lateral ventricles re-
veals two iscdense masses, one in the subependymal region and ane near the cortex (ar-
rowsl By Tl-weightedd postenntrast image at the same levsl as A reveals enhancement of
the Two masses seen on the Tl-weighted image as well as a third mass in the left frontal

lote (arrows).

examinaiion of the CSF is not indicated, since intraparenchymal brain
metastases almost never shed cells into the CSE

BRAIN METASTASES WITHOUT A KNOWN PRIMARY TUMOR

In general hospital populations, up to one-third of patients presenting
with brain metastases do not have a previously known underlying can-
cer. These patients generatly present with either a seizure or a progres-
sive meurelogic deficit. Neuroimaging studies tvpically demonstrate
one or multiple ring-enhancing iesions. In individuals who are not
immunocompromised and not at risk for brain abscesses, this radio-
logic pattern is most likely due to brain metasiasis.

Diagnostic evaluation begins with a search for the primary tumor,
Bload tests should include carcinoembryonic antigen and liver func-
tion tests. Examination of the skin for melanoma and the thyroid
gland for masses should be carried out. The search for a primary can-
cer most often discloses lung cancer {particuiarly small cell lung can-
cer) or melanoma. In 30% of patients no primary tumor can be
identified, even after extensive evaluation. A CT scan of the chest, ab-
domen, and pelvis should be abtained. If these are all negative, further
imaging studies, including bone scan, other radionudlide scans, mam-
mography, and upper and Jower gastrointestinal barium studies, are
unlikely to be productive.

A tissue diagnosis is essential. If a primary tumor is found, it will
usually be more accessible to biopsy than a brain lesion. If a single
brain lesion is found in a surgically accessible location, if a primary tu-
mor is not found, or if the primary tumor is in a location difficualt to
biopsy, the brain metastasis should be biopsied or resected.

7] TUMORS METASTATIC T0 BRAIN

Once a systemic cancer metastasizes to the brain it is, with rare exception,
incurable, Therapy is therefore palliative, designed to prevent disability and
suffering and, if possible, to prolong fife. Published nutcome studies have
focused on survival as the primary endpoint, feaving questions regarding
quality of life unanswerad, There is, however, widespread agreement that
ghicocorticoids, anticonvalsants, radiation therapy, and surgery (see be-
low) can contribnne to the managernent of these patients.

GENERAL MEASURES  Glucocormiceids frequently ameliorate symp-
ioms of brain metastases. impravement fs often dramatic, cocurring within
24 b, and is sustained with continuad adrministration, although the toxicity
of glucocorticoids is cumulative. Therefore, it possible, a more definitive
therapy for metastases should be instituted 1o permit withdrawal of gluco-
corticoid therapy. Gne-third of patients with brain metastases have one or
more seizures; anticonvuisants are used empirically
far seizure prophylaxis.

SPECIFIC MEASURES Radiation Therapy
Radiation therapy 1s the prirmary treatmen for brain
metastases. Since maltipte microscopic deposits of
tumnor cells throughour the brain are likely 1o be
presert in addition 1o metastases visuaiized by neu-
rosmnaging studies, WBRT i« usually used, s benefit
has been edablished ir comrclled studies, but no
clear dose response s beers showr, Usually, 30-37 5
Qv s adrmimstered o 10-1% fractions: an addirional
dose {"boost” of focal rradiation 16 a single or large
merastass may also be administered, Sterectaxic ra-
drosurgery s of benefit in patenss with four or Tewer
metastases demonstrable by MR The additon of
WERT 10 sterectaxc radiosurgery delavs tumor recur-
rence in The brairn but does not prolong survival.

Surgery Up 1o 40% of patients with brain metas-
tases have only a single turnor mass identified by CT.
Aczessible single metastases may be Shrgically ex-
cised as a palliative measure. If the sysremic diseate
15 unaer Lontrod, 1otal resection of g angle brain e-
5ian has been demcnstiated 1o impiove sunvival and
rhimmize disability. Survival s further improved if
surgery is followed by WBET,




Chemotherapy Bran metastases of certain tumaors, including Greast
cancer, smalt cefl lung cancer, and germ cell tumors, are often responsive
to systemic chemotherapy, Although metastases frequently do not re-
spond as weil as the primary tumcr, dramatic responses 10 systemic (he-
motherapy or hormonal therapy may occur in sorne cases, In patients who
are neurciogically asymptematic, twa to four cycies of systemic chemao-
therapy may be administered initially to reduce turmor mass and render
the residual tumor more amenable 16 radiation therapy. Evern f a complete
radliologic remission is achieved from chemorherapy, WBRT should then be
administered. Gene theragy immunctherapy, intraartenial chemactherapy,
and chemotherapy administerad [ollowing osmotic disruption of the
biood-prain tarrier are Currently under investigation.

LEPTOMENINGEAL METASTASES

Leptomeningeal metastases are also called carcinematous meningitis,
meningeal carcinomatosis, and, in the case of specific tumors, leukemic
meningitis or lymphomatous meningitis. Clinical evidence of leptome-
ningeal metastases is present in 8% of patients with metastatic solid
turmnors; at necropsy, the prevalence is as high as 19%. Among solid tu-
mors, adenocarcinomas of the breast, Jung, and gastrointestinal tract
and melanoma are the most common cause of leptomeningeal metas-
tases {Table 374-2). In one-quarter of patients the systemic cancer is
under control, and especially in these patients the effective control of
leptomeningeal disease can improve the quality and duration of life.

Cancer usually metastasizes to the meninges via the bloodstream.
Alternatively, cells may invade the subarachnoid space directly from a
superficially located parenchymal brain metastasis. Some tumors, in-
cluding squamous cell carcinoma of the skin and seme non-Hodgkin's
lymphomas, have a propensity to grow along peripheral nerves and
may seed the meninges by that route,

CLINICAL FEATURES

Leptomeningeal metastases present with signs and symptoms at multi-
ple levels of the nervous system, most often in a setting of known sys-
temic malignancy. Encephalopathy is frequent, and cranial neuropathy
or spinal radiculopathy from nodular nerve root compression is charac-
teristic. Hydrocephalus can result from obstruction of CSF outflow. Fo-
cal neurologic deficits refect coexisting intraparenchymal metastases.

LABORATORY AND IMAGING EVALUATION

Leptomeningeal metastases are diagnosed by cytologic demonstration
of malignant <cells in the CSE by MRI demonstration of nedular to-
mor deposits or diffuse enhancement in the meninges (Fig. 374-5j,
and by meningeal biopsy. CSF findings are usually those of an inflam-
matory meningitis consisting of lymphocytic pleocytosis, elevated
protein levels, and normal or low CSF glucose. A positive CSF cytology
is unequivocal evidence of tumor spread to the subarachnmd space.
CSF examination is more likely to be informative when larger volumes
of CSF are submitted for ¢ytology and when up to three CSF examina-
tions are performed. A complete MRI examination of the nevraxis is
indicated in all cases of suspected leptomeningeal metastases; in addi-
tion to rodular meningeat lesions, hydrocephalus due to obstruction
of CSF pathways may be found.

L) LEPTOMENINGEAL METASTASES

Althaugh the prognosis of patients with leptomeningeal metastases is poor,
~20% ot patients Teated aggressively can expect a response of =6 months.
Intrathecat therapy exposes meningeal turmor Implants 1o {ugh concentra-
tions of chemotherapy with minirmal systernic Toxicity. Methotrexate can be
safely administered intrathecally and is effective against leptomeningeal me-

tastases from a vagiety.of solid.rmors including lyenghormse; cytarabine and. .

thiotepa are sliernative agents. Lipcsomal Cylarabing provides profonged
cytotoxic levels of cytarabine in the CSE requiring administration only every
7 weeks, moconrast o weekly or twice weekly adrmimistration of other
agents. Intrathecal chemotherapy may be adminisiered either by repeated
lumbar punciure or through an indweliing Ommaya resenor, which con-
sists of a catherer in one iateral ventricle attached 1o a reservoir implanted

FIGURE 374-8 Carcinomatous men-
ingitis. Sagiral postcontrast MRE
through the lower thoracic region
demonstrates diffuse pial enhance-
ment along the surface of the spinal
cord (arrows), typicat of C5F spread of
neoplasm.

under the scalp. If there is a question of patency of CSF pathways, a radionu-
clide flove stucy through the reservoir may be performed.

Large, nodular deposits of tumar on the meninges or along nerve roots
are unlikely to respond to intrathecal chematherapy, as the barrier to diffu-
sion is toa great. Therefore, external beam radiation is employed, and these
patients may also benefit from systemic ¢hemotherapy. Hydiocephalus is
treated with a ventriculoperitoneal shunt, although seeding of the perito-
neum by rumor is a risk.

MALIGNANT SPINAL CORD COMPRESSION

Spinal cord compression from solid tumor metastases vsually results
from growth of a vertebral metastasis into the epidural space. Primary
tumors that frequently metastasize to bone include lung, breast, and
prostate cancer. Back pain is usually the first symptom and ks promi-
nent at presentation in 90% of patienis. The pain is typically dull, ach-
ing, and may be associated with localized tenderness. If 4 nerve root is
compressed, radicular pain is also present. The thoracic cord ts most
often affected. Weakness, sensory loss, and autonomic dysfunction
{urinary urgency and incontinence, fecal incontinence, and sexual
impotence in men} are hallmarks of spinal cord compression. Once
signs of spinal cord compression appear, they tend to progress rapidly.
1t is thus essential to recognize and treat this serious complication of
malignancy promptly to prevent irreversible neurclogic deficits. Pug-
merais aind spanagerhen are discussed in Chap. 372,

METASTASES TO THE PERIPHERAL NERVOUS SYSTEM

Systemic cancer may compress or invade peripherat nerves. Compres-
sion of the brachial plexus may occur by direct extension of Pancoast’s
tumors (cancer of the apex of the lung), by lymphoma, or by extension
of local ymph node metastases in breast or lung cancer. The lumbosa-
cral plexus may be compressed by retroperitoneal tumaor invasion such
as occurs in cases of prostate or avarian cancer or lymphoma. Skuli me-
tastases may compress crantal nerve branches as they pass through the
skull, and pituitary metastases may extend into the cavernous sinus.
_The epineurium generally provides an effective barrier to invasion
of the peripheral nerves by solid tumers, but certain tumors character-
isticaily invade and spread along peripheral nerves. Squamous cell car-
cinoma of the skin may spread along the trigemuinal nerve and extend
intracramally. Non-Hodgkin's tymphoma may be neurotrophic and
cause polyradicuiopathy or a syndrome resembling mononeuropathy
multiplex {Chap. 379). Focal external beam radiation may reduce
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FIGURE 374-2 Radiation injury. A. Late delayed radiation injury 1 year
after whole-brain radiation (5500 cGy). T2-weighted MR image at the
level of the temporal lobes reveals high signal intensity abnormality in
periventricular white matter (arows). B and €. Focal radiation necrosis
2 years after radiotherapy (7000 cGy) for carcinoma of the pasopharyrix,

pain, prevent irreversible loss of peripheral nerve function, and possi-
bly restore function.

In patients with cancer who have brachial or lumbosacral plexopa-
thy, it may be difficult o distinguish tumor invasion from radiation
injury. High radiation dose or the presence of myokymia (rippling
contractions of muscle) suggests radiation injury, whereas pain sug-
gests tumor. Radiographic imaging studies may be equivocal, and sur-
gical exploration is sometimes required.

COMPLICATIONS OF THERAPY

RADIATION TOXIGTY

The nervous system is vulnerable to injury by therapeutic radiation.
Histolegically, there is demyelination, degeneration of small arterioles,
and eventually brain infarction and necrosis.

Acute radiation infury to the brain occurs during or immediately af-
ter therapy. It is rarely seen with current protecols of external beam ra-
diation but may occur after stereotaxic radiosurgery. Manifestations
mclude headache, sleepiness, and worsening of preexisting neurofogic
deficits.

FHarly delayed radiation infury occurs within 4 months of therapy. it
is associated with an increased white matter T2 signal on MR1 scans.
In children, the sommnolence syndrome is a common form of carly de-
layed radation injury in which somnolence and ataxia develop after
WBRT. [rradiation of the cervical spine may cause Lhermitte’s phe-
nomenon, an electricity-like sensation evoked by neck flexion. Symp-
toms resulting from acute and early delayed radiation injury often
respond to glucocorticoid administration, are self-limited, and usuaily
resolve without residual deficits. These injuries do oot increase the risk
of fate radiation injury.

Late delayed radiation injury produces permanent damage 1o the
nervous system. It eccurs >4 months (generally 8~24 months) after
completion of therapy; onset as late as 15 vears after therapy has been
described. Followinyg (ocal brain irradiation, radiation necrosis can oc-
cur within the radiation field, producing a contrast-enhancing ((re-
quently ring-enhancing} mass with surrounding white matter signal

abnormalities TFig. 374-9), MRY or CT scans are often unable to dis-

tinguish radiation necrosis from recurrent tumor, but PET or SPECT
scans may demonstrate the increased glucose metabolism typical of
tumor tigstze or the decreased metabolism of necrotic tissue, Magnetic
resonance spectroscopy may demonstrate a high lactate concentration
with relatively low choline concentration in areas of necrosis, Biapsy is

Axial T2-weighted MRI(B) demonstraies a mass in the right frontal lobe
with surrounding vascgenic edema. Abnormal signal changes are also
present on the left. Th-weighted pastcontrast MRI(C) reveals a hetero-
geneously enhancing mass in the right cingulate gyrus,

frequently required to establish the correct diagnesis. Peripheral
nerves, including the brachial and lumbosacral plexuses, may also de-
velop late defayed radiation injury.

If untreated, radiation necrosis of the CNS may act as an expanding
mass lesion, Symptoms may resolve spontaneously or respond to
treatment with glucocorticoids. Progressive radiation necrosis is best
treated with surgical resection if the patient has a life expectancy of at
least 6 months and a Karnofsky performance score >70. There are an-
ecdotal reports that anticoagulation with heparin or warfarin may be
beneficial. After WBRT, progressive dementia can occur, often accom-
panied by gait apraxia and urinary incontinenee. Radiation injury of
large arteries also accelerates the development of atherasclerosis, but
an increase in the risk of stroke becomes significant only years afler ra-
diation treatment.

Endocrine dysfunction resulting in hypopituitarism frequently fol-
lows exposure of the hypothalamus or pituitary gland te therapeutic
radiation. Growth hormone is the pituitary hormone most sensitive to
radiation therapy, and thyroid-stimulating hormone is the least sensi-
tive; ACTH, prolactin, and the gonadotropins have an intermediate
sensitivity.

Development of a second neoplasm is another risk of therapeutic
radiation that generally occurs many years after radiation exposure.
Depending on the irradiated field, the risk of gliomas, meningiomas,
sarcornas, and thyroid cancer is increased.

TOXICITIES OF CHEMOTHERAPY

Chemotherapy regimens used to treat primary brain tumers generalty
inchade alkylating agents, either temozolomide or nitrosourcas, and are
relatively well tolerated. Infrequently, drugs used to treat CNS nreoplasms
are associated with the development of altered mental states {e.g., confu-
sion, depression), ataxia, and seizures. Chemotherapy for systemic ma-
lignancy is a mare frequent cause of nervous systern toxicity and is more
often toxic to the peripheral than the central nervous system. Cisplatin
commonly produces tinnitus and high-frequency bilateral hearing loss,
especially in younger patients. At cumudative doses > 450 mg/m?, cis-

_Platin can produce a symmetric, large-fiber axonal neuropahy that is

predominantly sensory; paclitaxel (Taxol} produces a similar picture.
Fluarguracil and high-dose cvtarabine can cause cerebellar dysfunction
that resolves aficr discontinuation of therapy. Vincristine, which is com-
monly used to treat lymphoma, may cause an acute ileus and is fre-
quently associated with development of a progressive distal, symmetric
sensory motor neuropathy with foot drop and paresthesias,




FURTHER READINGS

BATCHELOR T, LOEFFLER }S: Primary CNS lymphoma. | Clin Oncel
24:1281, 2006

DEANGELLs 1t Chemotherapy for brain tumors—a new beginning. N
Engl } Med 352:1036, 2005

FRIEDMAN HS, Broner DI Glioblastoma multiforme and the

Multiple Sclerosis and Other

Demyelinating Diseases
Stephen L. Hauser, Douglas S. Goodin

375

Demyelinating disorders are characterized by inflammation and selec-
tive destruction of central nervous system (CNS) myelin. The peripher-
al nervous system {PNS} is spared, and mast patients have no evidence
of an assaciated systemic illness.

MULTIPLE SCLEROSIS

Multiple sclerosis (MS) is characterized by a triad of inflammation, de-
myelination, and gliosis (scarring); the course can be relapsing-remit-
ting or progressive. Lesions of MS typically occur at different times and
in different CNS locations (i.e., disseminated in time and space). MS af-
fects ~350,06} individuals in the United States and 2.5 million individu-
als worldwide. In Western societies, MS is second only to trauma as a
cause of neurologic disability beginning in early to middle adulthood.
Manifestations of MS vary from a benign illness to a rapidly evolving
and incapacitating disease requiring profound lifestyle adjustments.

PATHOGENRESIS

Anatomy The lesions of MS (plaques} vary in size from 1 or 2 mm to
several centimeters. Acute MS lesions are characterized by perivenular
cuffing with inflammatorv mononudear cells, predominantly T cells and
macrophages, which also infiltrate the surrounding white matter. At sites
of inflammation, the blood-brain barrier (BBB) is disrupted, but unlike
vasculitis, the vessel wall is preserved. In many lesions, myelin-specific
autoantibodies are present, presumably promaoting demyelination direct-
ly as well as stimulating macrophages and microglial cells (hone mar-
row--derived CNS phagocytes) that scavenge the myelin debris, As lesions
evolve, there is prominent astrocytic proliferation {gliosis). Surviving oli-
godendrocytes or those that differentiate from precursor cells may par-
tially remyelinate the surviving naked axons, producing so-called shadow
plaques. In many lesions, oligodendrocyte precursors are present in large
numbers but fail to remyelinate. Ulirastructural studies of MS lesions
suggest that fandamentally different underlying pathologies may ex-
ist in different patients. Heterogeneity has been observed in terms of
{1) whether the inflammatory cell infiltrate is associated with antibody
deposition and activation of compiement, and (2) whether the target of
the immunopathologic process is the myelin sheath itself or the cell body
of the oligodendrocyte. Although relative sparing of axons s typical of
MS, partial or total axonal destruction can also occur, especially within
highly inflammatory lesions. Evidence also suggests that axonal loss is a
major contributor to irreversible neurologic disability in MS (see “Neu-
rodegeneration,” below),

Physiology Nerve conduction in myelinated axons occurs in a salta-
tory manner, with the nerve impulse jumping from one node of Ranvier

to thenext-without deputarization of theixotat merbgne undetlying

the myelin sheath between nodes (Fig. 375-1;. This produces consider-
ably faster conduction velocites (- 70 m/s) than the show velocitios {(~}
mfs) produced by continuous propagation in unmyelinated jicrves.
Conduction block occurs when the nerve impulse is unable to traverse
the demyelinated segment. This can happen when the resting axon

epidermal growth factor recepror. N Engi ] Med 333:1997, 2611

2065

KeiME-GUIBERT F et al: Radiotherapy for glioblastoma in the elderly.
N Engl } Med 356:1527, 2007

McKusick VA (ed): Onfine Mendelian Inheritanre in Man, URL:
wiwtw, nebi nlm.nih.gov/Omim/. Washington, 1DC, National Library
of Medicine, 2007

membrane becornes hyperpolasized due to the exposure of vollage-de-
pendent potassium channels that are normally buried underneath the
myelin sheath. A semporary conduction block often follows a demvelin-
ating event before sodium channels (originally concentrated at the
nodes) redistribute along the naked axon (Fig. 375-1}. This redistribu-
tion ultimately allows continuous propagation of nerve action potentials
through the demyelinated segment. On occasion, conduction block is
incomplete, affecting, for example, high- but not tow-frequency vollevs
of impulses, Variable conduction block can occur with raised body tem-
perature or metabolic alterations and may explain clinical fluctuations
that vary {Tom hour to hour or appear with fever or exercise. Conduc-
tion stowing occurs when the demyclinated segments support only
(slow) continuous nerve impulse propagation.

Epidemiology MS is approximately threefold moere common in
women than men. The age of onset is typically between 20 and 440
vears (slightly later in men than in women), but the disease can
present across the lifespan. Approximately 10% of cases begin before
age t8 vears of age, and extremes with onset as early as 1-2 years of age
or as late as the eighth decade have been described.

™. Geographical gradients have been repeatedly ohserved in MS,

with prevalence rates increasing at higher latitudes. The high-

est known prevalence for MS {250 per 100,044 occurs in the
Orkney Islands, Jocated north of Scotland, and similarly high rates are
found throughout northern Europe, the northern United States, and
Canada, By contrast, the prevalence is low in Japan (6 per 100,000}, in
other parts of Asia, in equatorial Africa, and in the Middle East.

One proposed explanation for the latitude effect on MS is that there
is a protective effect of sun exposure. Ultraviolet radiation from sun is
the most important source of vitamin I} in most individuals, and low
levels of vitamin 12 are commeon at high latitndes where sun exposure
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FIGURE 375-1 Nerve conducticon in myelinated and demyelinated
axons. A. Saltatory nerve conduction in myelinated axons oCcurs with
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have confirmed that vitamin It deficiency is associated with an in-
crease in MS risk. Immunoregulatory effects of vitamin D could ex-
plain this possible relationship.

Migration studies and identification of possible point epidemics
provide additional support for an environmental effect an MS risk.
Migration studies suggest that some MS-related exposure occurs in
childhood and years before M$ is clinically evident. In some studies,
migration early in life from a low- to high-risk arca was found 1o in-
crease MS risk, and conversely, migration from a high- to a low-risk
area decreased risk. With respect to possible point epidemics, the most
convincing example occarred in the Faeroe Islands north of Denmark
after the British occupation during World War 11

The prevalence of MS appears to have steadily increased over the
past century; furthermore, this increase has occurred primarily in
wornen. Interestingly, recent epidemiologic data suggests that the lati-
tade effect on MS may currently be decreasing, for unknown reasons.

MS risk also correlates with high sociceconomic status, which may
reflect improved sanitation and defayed initial exposures to infectious
agents, By analogy, some viral infections (e.g., poliomyelitis and mea-
sles viruses) produce neurologic sequelae more frequently when the
age of initial infection is delayed. Qccasional reports seem to implicate
a specific infectious agent such as human herpes virus type 6 (HHV-6)
or Chlamydia preumoniae, although, in general. the available reports
have beent inconsistent.

Most intrigningly, the evidence of a remote Epstein-Barr virus
(EBV) infection playing some role in MS is supported by a number of
epidemiologic and faboratory studies. A higher risk of infectious
monenucleosis (associated with relatively late FBV infection} and
higher-antibody titers to latency-associated EBV nuclear antigen are
associated with MS; conversely, individuals never infected with EBV
are at fow MS risk. At this time, however, a causal role for EBV or for
any specific infectious agent in MS remains uncertain.

genetic influence on M5, Caucasians are inherently at higher risk for

M5 than Africans or Asians, even when residing in a simifar environ-
ment. M5 also aggreqates within some families, and adoption, half-sibling,
twin, and spousal studies indicate that famifial aggregation is due to ge-
netic. and not environmental, factors (Tabfe 375-1)

Susceptibility 1o M5 is polygenic, with each gene contributing a relatively
small amount o the overall risk. The major histocompatibility complex
(IMHC) on chromosome 6 s The strongest MS susceptibility region in the ge-
nome. Fine mapping studies implicate primarily the class Il region of the
MHC (encoding HLA molecules involved in presenting peptide antigens to T
cells) and specifically the DR2 (molecular designation DRE1¥1501) ailele,
Other recently identified MS susceptibility genes encode receptors for two
proinflammatory cytokines, the IL-7 receptor alpha chain (C0C127) and the 1L
2 teceptor alpha chain (CD25); rhe MS associated variant of the IL-7 receptor
increases the amount of soluble cormpared 1o mernbrane bound receptor, [t
is also lkely that genetic heterogeneity is present in M5, meaning that there
are different causative genes in different individuals,

E GENEYIC CONSIDERATIONS CEvidence also supports an important

Immunology An autcimmune cause for MS is supported by the labo-
ratory model of experimental aliergic encephalomyelitis (EAE) and by
studies of the imimune system in MS patients.

AUTOREACTIVE T LYMPHOCYTES  Myelin basic protein (MBP} is an im-
portant T cell antigen in EAE and probably also in human MS$. Acti-

RISK OF DEVELOPING MS
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vated MBP-reactive T cells have been identified in the blood, in
cerebrospinal fluid {CSF), and within MS$ lesions. Moreover, DR2 may
influence the autoimmune response because it binds with high affinity
1o a fragment of MBP (spanning amino acids 89-96}, stimulating T
cell responses to this self-protein.

HUMORAL AUTOIMMUNITY B cell activation and antibody responses
also appear to be necessary for the full development of demyelinating
lesions to occur, both in experimental models and in human MS. In-
creased numbers of clonally expanded B cells with properties of post-
germinal center memory or antibody-producing lymphocytes are
present in MS lesions and in CSF. Myelin-specific autoantibodies,
some directed against myelin olipodendrocyte glycoprotein {MOG),
have been detected bound to vesicudated myelin debris in MS plaques.
In the CSE, elevated levels of locally synthesized immunoglobudins and
oligoclonal antibodies derived from expansion of clonally restricted
plasma cells are also characteristic of MS. The pattern of oligocional
banding is unique to each individual, and attempts to identify the tar-
gets of these antibodies have been largely unsuccesstul, although one
recent report indicated that some bands recognized EBV antigens,

CYTOKINES  Cytokines and chemokines appear 1o regulate many of the
celbular interactions that operate in MS. Proinflammatory Tyl cyto-
kines including interlenkin (FL) 2, tumor necrosis factor (TNF} @, and
interferon (IFN) v play key roles in activating and maintaining au-
toimmune responses, and TNF-ot and [EN-y may directly infure oligo-
dendrocytes or the myelin membrane.

TRIGGERS  Studies reveal that in patients with early relapsing rermit-
ting MS, serial MRI has demonstrated bursts of focal infiammatory
disease activity occurring far more frequently than would have heen
predicted by the frequency of relapses. Thus, early in MS, most disease
activity is clinically sifent. The triggers causing these bursts arc un-
known, although the fact that patients may experience relapses after
nonspecific upper respiratory infections suggests that either molecular
mimicry between viruses and myelin antigens or viral superantigens
activating pathogenic T cells may play a role in MS pathogenesis
(Chap. 312}.

Newrodegeneration Axonal damage occurs in cvery newly formed
MS lesion, and curnulative axonal loss is considered to be the major
cause of progressive and irreversible neurological disability in MS. As
marty as 70% of axons are lost from the lateral corticospinal tracts in
patients with advanced paraparesis from MS, and longitudinal MRI
studies suggest there is progressive axonal foss over time within estab-
lished, inactive, Jesions. Knowledge of the mechanisms responsible for
axonal injury is incomyplete, and it is even unclear whether demyelina-
tiOT 1s 4 prerequisite for axonal injury in MS. Demyelination can result
in reduced trophic support for axons, redistribution of ion channels,
and destabilization of action potential membrane potentials. Axons
can initially adapt, but eventually distal and retrograde degeneration
occurs. Therefore the early promotion of remyelination and preserva-
tion of oligodendrocytes remmain important therapeutic goals in MS.
Some evidence suggests that axonal damage is mediated directly by
resident and invading inflammatory cells and thetr toxic products, in
particular by microglia, macrophages, and CD8 T lymphocytes. Acti-
vated microglia are particularly likely to cause axonal injury through
the release of NO and oxygen radicals and via glutamate, which is toxic
to oligodendrocytes and neurons.

CLINICAL MANIFESTATIONS

The onset of MS may be abrupt or insidious, Symptoms may be severe
or seem so trivial that a patient may not seek medical attention for
months or years. Indeed, at autopsy some indiiduals who were
asymptomatic during life will be found, unexpectedly, to have MS. in
others, an MRI scan obtained for an unrelated reason may show evi-
dence of asymptomatic MS. Symptoms of MS are extremely varied
and depend on the location and severity of lesions within the CNS




WEVINEYED R INITIAL SYMPTOMS DF MS }
Percent Percent

Symptom of Casas Symptom of Cases

_Sensoryloss 37 Lhemmie 3
Optic neuritis 36 Pain 3
Weakness 35 Drermentia 2
Paresthesias 24 Visual foss 2
Dipiopia 15 Facial palsy 1
Ataxia 11 impotence 1
Vertigo & Myokyrnia 1
Paroxysmal attacks 4 Epitepsy 1
Bladder 4 Faling 1

Source: After WE Matthews et &, MoAlpine’s Multiple Sclerosis, New York, Churchift Liv-
inostore, $991.

1Table 375-2). Examination generally reveals evidence of neurologic
dysfunction, often in asymptomatic locations. For example, a patient
may present with symptoms in one leg but signs in both.

Weakness of the limbs may manifest as loss of strength or dexterity,
fatigue, or a disturbance of gait. Exercise-induced weakness is a char-
acteristic symptom of MS. The weakness is of the upper motor neuron
type (Chap. 23} and is usually accompanied by other pyramidal signs
such as spasticity, hyperreflexia and Babinski signs. Occasionally a ten-
don reflex may be lost (simulating a lower motor neuron lesion} if an
MS lesion disrupts the afferent reflex fibers in the spinal cord.

Spasticity (Chap. 23} 1s often associated with spontaneous and
movement-induced muscle spasms. More than 30% of MS patients
have moderate to severe spasticity, especially in the legs. This is often
accomnpanied by painful spasms, interfering with ambulation, work, or
self-care, Occasionally spasticity provides support for the body weight
during ambulation, and in these cases treatment of spasticity may ac-
tually do more harm than good.

Optic neuritis (ON) presents as diminished visual acuity, dimaess, or
decreased color perception (desaturation) in the central field of vision.
These symptoms may be mild or may progress to severe visual loss.
Rarely, there is complete loss of light perception. Visual symptoras are
generally monocular but may be bilateral, Periorbital pain (aggravated
by eve movement] often precedes or accompanies the visual loss. An af-
ferent pupillary defect {Chap. 29} is usually present. Funduscopic exam-
ination may be normal or reveal optic disc swelling (papillitis). Pallor of
the optic disc (aptic atrophy} commondy follows ON. Uveitis is rare and
should raise the possibility of alternative diagnoses.

Visual blurring in MS may result from ON or diplopia; if the symp-
tom resolves when either eve is covered, the cause is diplopia,

Dviplopia may result from internuclear ophthalmoplegia (INO) or
from palsy of the sixth cranial nerve (rarely the third or fourth). An
INO consists of impaired adduction of one eye due to a lesion in the
ipsilateral medial longitudinal fasciculus (Chap. 29). Prominent nys-
tagmaus is often observed in the abducting eye, along with a small skew
deviation. A bilateral INO is particularly suggestive of MS. Other cor-
mon gaze disturbances in MS include (1) a horizontal gaze palsy, (2) a
“one and a half” syndrome (horizontal gaze palsy pius an INQO), and
(3) acquired pendular nystagmus,

Sensory symipioms are varied and include both paresthesias {e.g.,
tingling, prickling sensations, formications, “pins and needles,” or
painful burning} and hypesthesia (e.g., reduced sensation, numbness,
or a “dead” feeling). Unpleasant sensations (e.g., feelings that body
parts are swollen, wet, raw, or tightly wrapped) are also common. Sen-
sory impairment of the trunk and legs below a horizontal line on the
torso {a sensory level} indicates that the spinal cord is the origin of the
sensory disturbance. It is often accompanied by a bandlike sensation
of tightness around the torso. Pain is a common symptom of M§, ex-

Bladder dysfunction is present in >90% of MS patients, and in a 2613

third of patients, dysfunction results in weekly or more frequent epi-
sodes of incontinence. During normal reflex voiding, relaxation of the
bladder sphincter {o-adrenergic innervation} is coordinated with
contraction of the detrusor muscle in the bladder wall {muscarinic
cholinergic innervation). Derrusor hyperreflexia, due to impairment
of suprasegmental inhibition, causes urinary frequency, urgency, noc-
taria, and ancontrolled bladder emptying. Detrusor sphincter dyssyn-
ergia, due to loss of synchronization between detruser and sphincter
muscles, causes difficulty in initiating and/or stopping the urinary
stream, producing hesitancy, urinary retention, overflow inconti-
nence, and recurrent infection.

Constipation occurs in >30% of patients, Fecal urgency or bowe! in-
continence is less common {15%) but can be soctally debilitating,

Cognitive dysfunction can include memory }oss, impaired attention,
difficuities in problem solving, slowed information processing, and
problems shifting between cognitive tasks. Euphoria (elevated mood)
was once thought to be characteristic of MS but is actually uncom-
mon, occurring in <20% of patients. Cognitive dysfunction sutficient
to impair activities of daily living is rare.

Depression, experienced by approximatety half of patients, can be
reactive, endogentous, or part of the illness itself and can contribute to
fatigue. Sutcide in MS patients is 7.5-{old mere common than in age-
matched controls.

Fatigue is experienced by 90% of patients; this symptom is the most
commen reason for work-related disability in MS. Fatigue can be exac-
erbated by elevated temperatures, by depression, by expending excep-
tional effort to accomplish basic activities of daily living, or by sleep
disturbances {e.g., from frequent nocturnal awakenings to urinate).

Sexual dysfunction may manifest as decreased libido, impaired geni-
tal sensation, impotence in men, and diminished vaginal fubrication
or adductor spasms in women.

Facial weakness due to a lesion in the pons may resemble idiopathic
Bell’s palsy (Chap. 371). Unlike Bell's palsy, facial weakness in MS is
usually not associated with ipsilateral loss of faste sensation or ret-
roauricular pain.

Vertigo may appear suddenly from a brainstem lesion, superficially
resembling acute fabyrinthitis {Chap. 22). Hearing loss may also eccur
in M5 but is uncommon.

Andllary symptoms  Heai sensitivity refers to neurclogic symptoms
produced by an efevation of the body’s core temperature, For example,
unilateral visual blurring may occur during a hot shower or with phys-
ical exercise (Uhthoff s symprom). It is also common for MS symptoms
to worsen transiently, sometimes dramarically, during febrile illnesses
{see “Acute Attacks or Initial Demyelinating Episodes,” below). Such
heat-related symptoms probably result from transient conduction
block {see above).

Lhermitte’s symptom is an electric shocklike sensation (typically in-
duced by flexion or other movements of the neck) that radiates down
the back into the legs. Rarely, it radiates into the arms. It is generally
self-limited but may persist for years. Lhermitte’s symptom can also
occur with other disorders of the cervical spinal cord {e.g., cervical
spendylosis).

Paroxysmal symptoms are distinguished by their brief duration {16 s
to 2 min), high frequency (5-44 episodes per day), lack of any alter-
ation of consciousness or change in background electroencephalo-
gram during episodes, and a self-limited course (generaily lasting
weeks to months}. They may be precipitated by hvperventilation or
movement. These syndromes may include Lhermitte’s symptom; ionic
contractions of a iimb, face, or trunk (tonic seizures}; paroxysmal dys-
arthria and ataxia; paroxysmal sensory disturbances; and several other
less well-characterized syndromes. Paroxysmal symptoms probably re-

petienced by S50 of patients, Pain can occur atywhere on the body

and can change locations over time.

Ataxia usually manifests as cerebellar tremors (Chap. 368). Ataxia
may also invoive the head and trunk or the voice, producing a charac-
teristic cerebellar dysarthria (scanning speech).

“sult Fom spontaneous discharges, arising at the edpes of deffiyelinated -

plaques and spreading to adjacent white matter tracts,

Trigerinal neuralgia, hemifacial spasm, and glossopharyngeal neu-
ralgia (Chap. 371) can occur when the demyelinating lesion mvalves
the root entry (or exit) zone of the fifth, seventh, and ninth cranial
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FIGURE 375-2 Clinical course of multiple sclerosis (MS). A. Reiaps
ing/rernitting M. B. Secondary progressive MS. € Primary progressive
MS. B, Progressive/relapsing MS.

nerve, respectively, Trigeminal neuralgia (tic douloureus) is a very
brief lancinating facial pain often triggered by an afferent input from
the face or teeth. Most cases of trigeminal neuralgia are not MS-relat-
ed; however, atypical featares such as onset before age 50 years, bilater-
al symptoms, objective sensory Joss, or nonparoxysmal pain should
raise concerns that MS could be responsible,

Factal myokymia consists of cither persistent rapid fiickering con-
tractions of the facial musculature (especially the lower portion of the
orbicularis oculus} or a contraction that slowly spreads across the face.
It results from lesions of the corticobulbar tracts or brainstem course
of the facial nerve.

DISEASE COURSE
Four clinical types of MS have been described (Fig, 373-2):

1. Relapsing/remitting MS (RRMS) accounts for 85% of MS cases at
onset and is characterived by discrete attacks that gencrally evolve
over days to weeks {rarely over hours). There is often complete re-
covery over the ensuing weeks to months 1¥ig, 375-243. However,
when ambulation is severely impaired during an attack, approxi-
mately half will fail to improve. Between attacks, patients are neu-
rologically stable.

. Secondary progressive MS (SPMS) always begins as RRMS 1}ig, 375
2B At some point, however, the clinical course changes so that the
patient experiences a steady deterioration in function unassocated
with acute attacks (which may continue or cease during the pro-
gressive phase). SPMS produces a greater amount of fixed neuro-
logic disability than RRMS. For a patient with RRMS, the risk of
developing SPMS is —2.5% each vear, meaning that the great ma-
jerity of RRMS ultimately evolves into SPMS. SPMS appears to
represent a late stage of the same underlying illness as RRMS,

3. Primary progressive MS (PPMS) accounts for ~15% of cases. These
patients do not experience aitacks but only a steady functional de-
cline from disease onset (Fig. 375.2¢. Compared to RRMS, the sex
distribution is more even, the disease begins fater in life (mean age
~40 years}, and disability develops faster (at least relative to the on-
set of the first clinical symptom}. Whether PPMS is an uncommon
tarm of the same anderlying illness as RRMS or whether these are

distinct illanesses is ancertain, . e y e

4. Progressive/relapsing MS (PRMS) overlaps PPMS and SPMS and ac-
counts for - 3% of M5 parients. Like patients with PPMS, these
prstients cxperience 4 steady deterforation i their condition from dis-
ease onset. However, like SYMS patients, they experience occasiosal
attacks superimposed upon their progressive course (Fig. 373-2133,

[~

DIAGNOSTIC CRITERIA FOR MS

- Exarnination must reveal objective abnormalities of the CNS,
Zdnvobvement must reflec predorminantly disease of white matter long
trates, ustially inciuding ta) pyramidal pathways, (b cerebellar pathways,

(c) medial longitudingt fasciculus, (d) opiic nerve, and (e} postetior columns,
Exarnination or history rmust implic ate involvement of twe ar more areas
of the CNS.

a. MRImay be used 1o docomern a second tesion when orily one site of
abnormality has been demonstrable on examination. A confirmarory
fARE must have efther four lesions involving the white matter of thiee
tesions i one s periventricular inlacation. Acceptabie lesions must be
>3 mmin diarneter, For patients older thar 5¢ years, 1wo of the fol-
lowing criteria must aiso be met: {ak lesion size =3 mm, (& lesions ad-
jacent 1o the bodies of the [ateral ventricles, ard (o7 fesian(s) present
in the posterior fossa.

Evoked response testing may be used 10 document a second Jesion
not evident on clinical examinarion,

The clinical pattern must consist of (2} two or more separate episodes of
worsening involving different sites of the CNS, earht lasting at least 24 h
and occurring at feast 1 month apan, or (b} gradual or stepwise progres-
SI0N Over &t least 6 months if accompanied by increased 1gG synthesis or
o o meie oligoclonal bands, MRI may be used to document dissemi-
nation in ime if & new T2 lesion or a Gd-enhancing lesion is seen 3 or
more manths after a dinically isolated syndrome.

The patient’s neurologic condition could not better be attributed to an-
other disease.

Diagnostic Categories

1. Definite 145 All five criteria fulfilied.

2, Probable MS: Altfive crineria fulfilled except ta) only one objective abnor-
rmality despite two symptomatic episodes ar (b) only one symptomatic
episode despite two of more objective abnormalities.

3 ATrisk for M5 Craveria 1, 2, 3. and & fulfilied; patlert has only one sympto-
matic epistde and one objective abnarmality.

i

(=

A
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Nota: CNG. central nenvies vysterm: MBI magnetic resonance imaging: Gd, gadolinium.

DIAGNOSIS

There is no definitive diagnostic test for MS, Diagnostic criteria for
clinically definite MS require decumentation of two or more episodes
of sympioms and twa or more signs that reflect pathology in anatomi-
cally noncontiguons white matter tracts of the CNS (Jable 375-3
Symptoms must last for >24 h and occur as distinct episodes 1hat are
separated by a month or more. At least one of the two required signs
must be present on neurologic examination. The second may be docu-
mented by abnormal paraclinical tests such as MRI or evoked poten-
tials { EPs). Similarly, in the most recent diagnostic scheme, the second
clinical event {in time) may be supported solely by paraclinical infor-
mation, usually the developiment of new focal white matter lesions on
MRL In patients who experience gradual progression of disability for
=6 months without superimposed relapses, documentation of intra-
thecal Igs may be used to support the diagnosis.

DHAGNOSTIC TESTS
Magnetic Resonance Imaging MRI has revolutionized the diagnosis
and managemem of MS {Fig. 375-3}; characteristic abnormalitics are
found in >93% of patients. An increase in vascular permicability from a
breakdown of the BRE is detected by leakage of intravenous gadolinium
(Gd) inte the parenchyma, Such ieakage occurs early in the develop-
ment of an MS$ lesion and scrves as a useful marker of inflaimmatien. Gd
enthancement persists for approximately 1 month, and the residual M$
plaque remains visible indefinitely as a focal area of hyperintensity (a le-
sion) en spin-echo (T2-weighted) and proton-density images. Lesions
are frequently oriented perpendicular to the ventricular surface, corre-
sponding te the pathologic pattern of perivenous demyelination {Daw-
son’s fingers). Lesions are multifocal within the brain, brainstem, and
spinal cord. Fesions larger than 6 mm located in the corpus callesum,
periventricular white matter, brainstem, cerebelluni, or spinal cord are
particularly helpful diagnostically. Different criterta for the use of MRI
in the diagnosis of MS have been propased ( Table 373-3).

The twtal volume of T2-weighted signal abnormalisy (the “burden
of disease”) shows a signiticant {albeit weak) correlation with clinical




FIGURE 375-3 MRI findings In MS. A, Axizl first-echo image from T2-weighted sequence demon-
strates multiple bright signal abnormaiities in white matter, typicat for M5, B, Sagittal T2-weighted
FEAIR [Auid attenuated inversion recovery] image in which the high signal of CSF has been sup-
pressed. CSF appears dark, while areas of brain edema or demyelination appear high in signal as
shown here in the corpus cafiosum {arows). Lesions in the anterior corpus callosum are freguent in
MS and rare in vascular disease. €, Sagittat T2-weighted fast spin echo image of the tharacic spine
demanstrates 3 fusiform high-signal-intensity lasion in the mid thoracic spinal cord, D, Sagittal T1-
weighted image cbtained after the intravenous administration of gadolinium DIPA reveals focal
areas of blood-prain barrier disrupticn, identified as high-signal-intensity regions (arows).

disability, as do measures of brain atrophy. Approximately one-third of

2-weighted lesions appear as hypointense lesions (black holes) on
T1-weighted imaging. Black holes may be a marker of irreversible de-
myelination and axenal loss, afthough even this measure depends on
the timing of the image acquisition (e.g., most acute Gd-enhancing T2
lesions are 11 dark).

Newer MRI measures such as magnetization transfer ratio (MTR)
irmaging and proton magnetic resonance spectroscopic imaging (MRS1)
may uftimately serve as surrogate markers of clinical disability. For ex-
ample, MRSI can quantitate molecules such as N-acetyl aspartate,
which is a marker of axonal integrity, and MTR may be able to distin-
guish demvelination from edema.

Evoked Potentials £ testing assesses function 1n afferent (visual, an-

ditory, and somatosensory) or effezent fmotor) CNS pathways. EPs use
computer averaging to measure CNS eleciric potentials evoked by re-
petitive simulation of selected peripheral nerves or of the brain. These
tests provide the most information when the pathways studied are ¢lin-

tient with a remitting and relapsing spinal
cord syndrome with sensory deficits in
the legs, an abnormal somatosensory EP
following posterior tibial nerve stimula-
tion provides Little new information. By
contrast, an abnormal visual EP in this
circumstance wouald permit a diagnosis of
clinically definite MS (Table 375-3). Ab-
normalities on one or more EP modalities
occur in 80-90% of MS patients. EP ab-
normalities are not specific to MS, al-
though a marked delay in the latency of a
specific EP component {as opposed to a
reduced amplitude or distorted wave-
shape) is suggestive of demyelination.

Cerebrospinal Fluid CS5F abnormalities
found in MS include a mononuclear cell
pleocytosis and an increased levet of in-
trathecally synthesized IgG. The total CSF
protein is usually normal or slightly ele-
vated. Various formulas distinguish intra-
thecally synthesized IgG from IgG that
may have entered the CNS passively from
the serum. One formula, the CSF IgG in-
dex, expresses the ratio of IgG to albumin
i the CSF divided by the same ratio in
the serum. The Ig( synthesis rate uses se-
rum and CSF IgG and albumin measure-
ments to calculate the rate of CNS IgG
synthesis. The measurement of oligoclonal
banding (OCB) in the CSF also assesses
intrathecal production of IgG. OCBs are
detected by agarase gel electrophoresis.
Two or more QCBs are found in 75-%0%
of patients with MS. OCBs may be absent
at the onset of MS, and in individual pa-
tients the number of bands may increase
with time. It is irmportant that paired se-
rum samples be studied to exclude a pe-
ripheral {i.e., non-CNS) origin of any
OCBs detected in the CSE

A mild CSF pleocytosts (>5 cells/pL) is
present in ~25% of cases, usually in young
patients with RRMS. A pleocytosis of >75
cells/pl, the presence of polymorphonucke-
ar leukocytes, or a protein concentration of
>1.0 g/L (=100 mg/dL.) in CSF should rarse
concern that the patient may not have M5,

DIFFERENTIAL DIAGNOSIS

Nao single clinical sign or test is diagnostic of MS. The diagnosis is readily
made in a voung adult with relapsing and remitting symptoms mvolving
different areas of CNS white matter. The possibility of an alternative di-
agnosis should always be considered i ¥able 375-45, particularly when
{1} symptoms are localized exclusively to the posterior fossa, craniocer-
vical junction, or spinal cord; {2) the patient is <15 or >6{ years of age;
{3) the ciinical course is progressive from onset; {4) the patient has never
experienced visual, sensory, or bladder symptoms; or {5} laboratory
findings (e.y., MR, CSF, or EPs) are atypical. Simiarly, uncommon or
rare symptoms in MS (e.g., aphasia, parkinsonism, chores, isolated de-
mentia, severe muscular atrophy, peripheral neuropathy, episodic loss of

“Ccanscieusness, fever, feadache, seizares, or corna) should mnerzase con-

cern about an afternative diagnosis. IMagnosis is also difficuit in patients
with a rapid or explosive {strokelike) onset or with mild syrproms and
a normal neurclogic examination. Rarely, Intense inflammation and
swelling may produce a mass lesion that nHmics a primary or metastatic

ically uninvolved. For example, in a pa- 2615
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turnor. The specific tests required to exctude alternative diagneses will
vary with each clinical situation; however, an erythrocyte sedimentation
rate, serum By level, ANA, and treponemal antibody should probably
be obtained in all patients with suspected MS,

PROGNOSIS

Most patients with MS Wltimately experience progressive neurclogic
disability. Fifteen years after onset, only 20% of patients have no func-
tional limitation; between one-third and one-half will have progressed
to SPMS and will require assistance with ambulation. Twenty-five
years after onset, ~80% of MS$ patients will have reached this level of
disability, In 1998, it was estimated that the total annual economic
burden of MS in the United States exceeded $6.8 billion.

Haowever, even if the prognosis for disability is grave for the average
patient, the prognosis in an individual is difficult to establish, Certain
clinical features suggest a more favorable prognosis, including ON or
SCTSOTY symploms at onset; fewer than two relapses in the first year of
illness; and minimal impairment after 5 years. By contrast, patients
with truncal ataxia, action tremor, pyramidal symptoms, or a progres-
sive disease course are more likely to become disabled.

tmportantly, some MS$ patients have a benign variant of MS and
never develop neurologic disability. The likelihood of having benign
MS is thought to be <20%. Patients with benign MS 15 years after on-
set who have entirely normal neurologic examinations are likely to
maintain their benign course.

Lr: patients with their first demyelinating cvent (ie., a dinically iso-
lated syndrome). the brain MRI provides prognostic information.
With three or more typical T2-weighted lesions, the risk of developing
MS after 10 years is 70-80%. Conversely, with a normal brain MRI, the
likelihood of developing MS is <20, Similasly, two or more Gd-en-
hancing lesions at baseline is highly predictive of future M5, as is the
appearance of either new T2-weighted lesions or new Gd enharce-
ment 23 months after the initial episode.

Mortality as a direct consequence of M$ is uncornmon, although it
has been estimated that the 25-vear survival is only 85% of expected.
Death can occur during an acute MS attack, although this is distinetly
rare. More commonly, death occurs as a complication of MS fe.g., prieu-
monia in a debilitated individual). Death also results from suicide.

Effect of Pregnanty Pregnant MS patients experience fewer attacks
than expected during gestation (especially in the last trimester), but
maore attacks than expected in the first 3 months postpartum. When
considering the pregnancy year as a whole (i.e., 9 months pregnancy
plus 3 months postpartumj, the overall disease course is unaffected.
Drecisions about childbearing should thus be made based on (1) the

maother’s physical state, (2) her ability o care for the child, and {3) the
availability of social support. Disease-modifving therapy is generally
discontinued during pregnancy, although the actual risk from the in-
terferons and glatiramer acetate (see below) appears to be fow,

I MuLTIPLE SCLEROSIS

Therapy for MS can be divided into several categories: i) reatment of
aCute attacks as they occur, (2] treatment with disease-modifying agents
that reduce the biolegical activity of MS. and (3} symptomatic therapy,
Treatrnents that promote remyelination or nearai fepair do not currently
exist but would be niahly desirable,

The Kurtzke Fxpanded Disability Status Score [EDSSHis a usefui measure
of neurologic irmpairment in MS (Tabte 375-5), Mest patients with EDSS
scares <35 have RRMS walk normally. and are generally nert disabled: by
contrast, patients with £DSS scores »5.5 have progressive MS {SPMS or
PPMS), are gait-impaired and, typicaily, are occupationslly disabled.

ACUTE ATTACKS OR INITIAL DEMYELINATING EPISODES
When patients experience acute deterioration, it is impartant to consider
whether this change reflects new disease activity or a “pseudoexacerbation”
resuiting fom an increase m ambient temperature, fever, or an infection, In
such Instances, glucocorticoid treatment i inappropriate. Glucocorticoids
are used to manage either first attacks of acute exacerhations. They provide
short-term clinical benefit by reducing the severity and shartening the diz-
ration of attacks. Whether treatment provides any long-term benefit on the
course of the illness is tess ctear, Therefore, mild aftacks are often not treat
ed. Physical and occupational therapy can heip with mobility and marnual
dexterity,

Giucecorticoid treatment Is usually administered as infravenous meth-
yiprednisoione, 5001000 mg/d for 3-5 days, either without a taper or foi-
lowed by a course of oral prednisone beginning at a dose of 60-80 masd
and gradually tapered over 2 weeks. Qutpatient treatment is usually possi-
ble. If intravencus therapy is unavailable or inconvenient, oral glucocorti-
coids can be substituted,

Side effects of short-term giucocorticoid therapy include fluid retention,
potassium loss, weight gain, gastric disturbances, acne, and emotional la-
bility, Concurrent use of a low-salt, potassium-rich diet and avoidance of
potassium-wasting diuretics is advisable, Lithium carbonate (300 mg oralty
bid) may help 1o manage emational fabitity and insomnia associated with
glucocorticoid therapy. Patients with a history of peptic ufcer disease may
require cirmatidine (400 mg bid) or ranitidine (150 mq bid:.

Plasma exchange (seven exchanges: 4060 mUikg per exchange, every
other day for 14 days) may benefit patients with fulminant atfacks of de-
myelination {not ortly MS) that are unresponsive 1o glucocorticoids, Howe
ever, the costis high, and the evidence of efficacy i only preliminary.

DISEASE-MODIFYING THERAPIES FOR RELAPSING FORMS OF
MS (RRMS, SPMS WITH EXACERBATIONS)  Five such agents are
approved in the United States: (13 IFN-B-Ta (Avonex;, (2) IFN-B-1a fRebif},
{3j IFN--10 (Betaseron, (41 glatiramer acetate (Copaxone), and (5) naral-
zemats (Tysabri), fach of these treatments is also used in SPMS patients
who continue to experience attacks, because SPIS can be difficult to dis-
tnguish frorm FRMS, and because cinial trials suggest that such patients
also derive therapeutic benefit. in Phase If clinical thals, recipients of FFM--1h,
IFh-B-1a, glatiramer acetate. and natalizumab experienced fewer clinical
exacerbations and fewer new MRt esions compared to placebo recipients
{Tabie 375-6} Mitovarcne Novantrone), an immune SUPDIessant, fas
als0 been approved it the United States, sithcugh 1 is generally reserved
for patients with progressive dissbility who have failed other treatments
because of its potential texcity

Interferon f}, Glatiramer Acetate, and Natalizumab 25 is 4 class |
interferon criginally identfied by its antiviral praperties. Efficacy in MS proba-
bly results from immunamaodulatory properties including (1) dowrragulat-
ing expression of MHC molecules on antigen-presenting cails, (27 inhibiting
proinflarmmatory and increasing requlatory cytokine fevels, (3} inhibition of T
celt profiferation, and 4 imiting the trafficking of inflammatory ¢l in the
TS, Glatiramer acetate s a synthetic, random poiypeptide compesed of
ful aino acids (glutertic 2cid, | -iyane, salanine, ard -tyrosimes s
mechanism of action may include (37 induction of antigen-specific suppros
s01 T cells; {2 binding 1o MHC molecules, thereby displacing bound MEBP; or
{3] altering the palance between proinflarmmarory 2nd regulatory cytokines,




SCORING SYSTEMS FOR MS

Kurtzke Expanded Disability Status Score (EDS5)

Functional Status (FS) Score

A Pyramidal functions
O = Normal
1 = Abnormal signs without disabiity
2= Minimal disabliity
3 = Mild or moderate paraparesis or hemiparesis, of severe monoparesis
4 = Marked paraparesis or hemiparesis, moderate quadriparesis, of
monoptegia
5 = Paraplegia, hemipiegia, of marked quadiiparesis
& = Duadriplegia
& Cerebellar functions
0 = Normai
1 = Abnormal signs without disability
2 = Miild ataxia
3 = Moderate tuncal or Iimb ataxia
4 = Severe ataxia al! imbs
5 = Unable to perform cogrdinated movernents due to ataxia
L. Bralnstern functions
0 = Normal
1 = Signs only
2 = Moderate nystagmus of other mild disability
3 = Severe nystagmus, marked extradcular weakness, or moderate disabiity
of other cranial nerves
4 = Marked dysarthria or other marked disability
5 = Inability Lo swallow or speak
. Sensory functions
0 = Normal
1 = Vibration or figure-writing decrease anly, in 1 o 2 limbs
2 = Mild decrease in touch or pain or pasttion sense, and/or moderate
decrease in vibration in 1 or 2 imbs, ar vibratory decrease alone in 3 or
4 fimbs
3 = Moderate decrease in touch of pain or position sense, and/or essen-
tiaily fost vibration in 1 or 2 limbs, or mild decrease in touch or pain,
and/or moderate decrease in all proprioceptive tests in 3 of 4 imbs
4 = Marked decrease in touch or paln of foss of proprioception, alone or
cornbined, in 1 or 7 limbs or moderate decrease in touch of pain
and/or severe proprioceptive decrease in more than 2 imbs

S = Loss {essentially) of sensation in 1 of 2 imbs or moderate decrease in
enach or pain and/or foss of proprioception for most of the body
below the head

£ = Sensation esseritialty lost below the head

£ Bowet and bladder functions

{3 = Normal

1 = Mild urinary hesitandy, urgency, of retention

2 = Moderate hesitancy, urgenty, retention of bowel or bladder, or rare
urinary incontinence

3 = Freguent wrinaty incontinence

4 = In need of almost constant catheterization

5 = Loss of bladder function

6 = Loss of bowe! and bladder function

F. Visual {or opric) functions

O = Normal

1 = Scotorna with visual acuity {corrected) better than 20/30

2 = Worse eye with scotoma with maxima! visuat acuity {comected) of
20/30 to 20/59

3 = Worse eye with large scotoma, or moderate decrease in fiekds, but with
maximal visuat acuity {corrected) of 20/60 1o 20/99

4 = Worse eye with marked decrease of fields and maximal acuity {cor-
rected) of 204100 to 20/200; grade 3 plus maximal acuity of better eye
of 20/60 or less

5 = Worse eye with maximal visual acufty (corrected) less than 20720C;
grade 4 plus maximal acuity of better eye of 20/60 or fess

& = Grade 5 plus rmaximal visteal acuity of better eye of 20/60 or fess

G, Cersbral {or mental) functions
0 = Normal
= Maed atteration only {does not affect EDSS score)

2 = Mild decrease in mentation

3 = Moderatre decrease in mentation

4 = Marked decrease in mentalion

5 = Chronic brdin syndrome—severe or incompeternt

Source: After SF Kunizke: Rating neurologlc impairment In muttiple sclerasis: An expanded disabifity status scate (F055). Neurslogy 33:1444, 1583,

Naralizumab is a humanized monodclonal antibody directed against the ou
subunit of aaP. integrin, 3 ceifular adhesion rmolecute expressed on the sur-
face of ymphooytes. 1T prevents ymphocytes from binding 1o endothelial
cells, thereby proventng lymphooytes from penetrating the 888 and erster-
ing the CNS,

FM-A reduces the attack rate and improves disease severity measures
such as EDSS progression and MR documented disease burden. IFh-f
shontd be considered in patients with oither PRMS or SPMS with superim-
posed redapses, in patients with SPMS but without relapses, officacy has
not been estabiished. Higher IFN-§ doses appear to have slightly greater
efficacy but are alss mare fikely to induce neutralizing antibodies, which
may reduce thecinical benelinfsee belowl. ...

Giatiramer acelate 3150 reduces the artack ratP Ewr Prher mF‘a\urf\d (Im-
icalty or by MRIT i RRMS, Glatiramer acetate may also benefit disease sever:
ity measures, although this is less well-established than for the relapse rate.
Therefors, glatirarmer acetate should be considered i HEMS patients, 1ts
usefulness in progressive disease is entirety unknown.

Natalizumab dramartically reduces the atiack rate and significantly im-
proves all measures of disease severity in M5, However, because of the de-
seloprient of progressive rultitccal leukoencephalopattyy (PRL} 6 Two
patients tested with matalizumab in combimation with IFN-B 12 (Avonex,
andd a third case in a patient reated {in combination with other immunso-
suppressart drugsi for Crohn’s disease, natalizumals 15 currently recorm-
mended onby for patients wha have failed other therapies or who have
particulary agaressive presentations. s usefuiness in e weatment of
progeessive disease has not been studied.

The iong-terrr efficacy of these freatments remalns uncertan, aithough
several recent studies suggest that these agents can improve the long-
me of MS when administered in the R stage of the iliness.
Benefical effects seen in early NS include a reduction in the relapse rate
and a reduction o CNS inflammation as measured by MREL Untortunarely,
alreadty established progressive symptoms do not respord 1o treatment
with These disease modifying therapies. Because (rogessive symploims
are likely to result from delayed effects of sailier focal demyelinating epi-
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2618 TWO-YEAR OUTCOMES FOR FDA-APPROVED THERAPIES FOR MULTIPLE SCLEROSIS®
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Clinical Qutcomes® MRI Outcomes®
Dose, Route, Attack Change in New T2 Total Burden
and Schedule Rate, Mean Disease Severity Lesions?  of Disease
IFN-f-1h, 230 pg SC qod -3dme -259% (s} B39/ -17%¢
IFN-B-18, 30 wg IM aw 1857 3709 360" 4% {ns)
IFN-B-Ta, 44 pg SCiw -32%¢ 3004 785 -15%¢
GA, 20 mg SC qd -29%¢ -12% {ns} -368%’ -85
WX, 12 masm? IV g3mo 56 75K 7O nr
NTZ, 360 mg I¥ gmo -68%7 -4 2% -83%¢ -18%¢

“Percentage reductions {or increases) have been caknitated by dividing the reparted rates in the treatsd aroup by the coms-
parabile rates in the piacel group, except for MRS disease bueden, which was calculared as the differerice in the median %
change betvaen the treated and placebt groups,
Fheverity = 5 point EDSS progression, sustained for 2 morths (n the IFR- -f-1a 33 pg qwe elal this change was sustsned fos 6
months; in the IFN-B-1h tifal, this was over 3 years),

“Different studies measured these MBI measures differently, making compadsons difficult turmbers for pew T2 repiesent the
kst case scenario for each triaf),
Mev feslons seen on T-wekghted MRI.

tp = {01,
b= o
Ip= 05

Abbreviations: IFN-B, interferon B; GA, glatitaraer acetate; MTX, mitoxantrone, NTZ, natatizurnab; i, intramusadar; 5C, sub-
Cutaneows; IV, intravenous: qod, every other day; gw, once per week; tiw, three times per week; gd, daify; 43me, once eyvery 3
MONLhs: gme, nce per month; N3, not significant; nr, rof reported.

sodes, many experts nov bolieve that very early treatment with a disesse -
modifying drug is appropriate for most MS patients. it is reasonable to de-
lay initiating treatrrent in patients with (1) normal neurslogic exams, (2 &
single attack or a low attack frequency, and 13} a tow burden of disease as
assessed by brain MRI Untreated patients should be followed closely vith
periodic brain 1R scans; the need for therapy is reassessed if scans reveal
evidence of ongoing, subclinical disease,

Most treated pattents with relapsing 1orms of MS recaive IFR-B or glati-
ramer aeetate as first-ine therapy. Regardless of which agent i« chosen

|_Relapsing-Remitting MS |
i
ki

4 =7

first, treatmeryt should probably be charged
i patents who continue 10 have frequent
attacks  or progressive  disability  (Fig.
375-4). Tne value of corbination therapy
15 UKNOWT,

TN-B-1a lAvonaxt, 30 g, is admiristered
Gy imramuscular mjection once  every
week, [Fh-B-1a Rebifs, 44 g, is admins-
tered by subcutanecws injection three
times per week, IFN-B-1k (Betaseron), 756
Ha. s administered by subcutaneous inje-
fion every other day, Glatiramer acetate, 20
mag, is adeministered by subutaneous injec-
Non every day. Natafizumab, 200 pg, is ad-
miristered by 1Y infusion each month.
Common side =ffects of IFN-B therapy in-
clude flulike symptoms feq, fevers, chills,
and myalgias and miid abnormalites on
routine laboratory evaluation (e.q, elevated
liver function tests or fymphopenia), Rarely,
more severe hepatotoxicity may acour,
Subcutaneaus IFN-§ also causes reac
tions at the imjection site (e, pain, red-
ness, induration, of, rarely. skin necrasisy,
Side effects can usually be managed with
concomitant nonsteroidat anti-inflammato -

ry medications and with the use of an autoinjecior. Depression, increased
spasticity, and cognitive changes have been reported, although these symp-
torms can also be due to the underlying disease In any event, side effects 1o
IFN-B therapy usually subside with tirme

Approximarely 2- 10% of iFN-f- Ia(A wOnex) recipients, 15--25% of IFN-B-
Fa (Rebif) recipients. and 30- 405 of 1EW-B-1b (Betaseram) recipients devel-
op neutralizing antibodies to IFN-B, which may disappear over time. Some
evidence suggests that neutralizing antibodies reduce efficacy, especially
for Ml autcames. The current clinical data, however, are quite conflicted,
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Mareover, thers are few situanons where measurernant of antibodies 5
necessary. Thus, for a patient doing well on therapy, the presence of ant-
bodies shouid not affect treatment. Conversely, for 3 patient doing poorly
on therapy, alternative treatment should be considered, even if there are
no detectable antibodies.

in}ectlom—site reactions also oocur with glatiramer acetate but are bass

ere than with IFN-B- 10, Approximately 15% of patients experience one
ar more epsades of flushing, chest tightness, dyspnea, palpirations, and
anxiety after mjection. This systemic reaction & urpradicrable, brief idura-
tion <1 hy, and tends nat 1o recur.

T'reatmr»r\t with natalizumab is, in general, welt tolerated. A small per-
cemage (< 10%) of patients experience hypersensitivity reactions {inchud-
ing a:,aphylaxi:; and ~6% develop neutralizing antibodies 1o the rmolecute.
As noted above, of greater potential concern was the accurrence of PML IR
three patients

Mitoxantrone Hydrochloride tMiraxantione (Novantrone), an anthra-
cenedione, exerts ity antineopiastic action by (1) imercalating into DNA
and producing both strand breaks and interstrand cross-links, (2} interfer-
ing with BNA synthasis, and (3} mhibiting topoisomerase |l finvolved in
DA repain). The U5 Foad and Drug Administration (FOA} approved mito-
xantrone on the basis of a single (relatively small) phase 1l clinical wial in
Europe, in addition to an even smailer phase I study completed eartier. Mi-
roxzantrone received ifrom the FOA) the broadest indication of any current
weatment for MS, Thus, mitexantrone is indicated for use in SPMS, in PRMS,
and in patients with worsening RRMS defined as patients whase neurg-
logic status remains significantly abnormal between MS attacks). Despite
this broad indication, however, the data supporming its efficacy are weaker
than for ather approved therapies.

Mitoxantrane can be cardictoxic le.q, cardiomyopathy, reduced left
ventricular ejection fraction, and irreversibie congestive heart fatlure). As a
result, 3 cumulative diose >140 mgyme is not recommended. A currenily
approved daoses (12 mg/m= every 2 months), the maximum duration of
therapy can be only 2-3 years, Fusthermore, »40% of women wilf experi-
ence amenorrhea, which may be permanent. Finally, there is risk of acute
leukemia, and this complication has already been reported in several mito-
xantrone-treated M5 patients.

Given these risks, mitoxantrone should not be used as a first-tine agent
in either RRMS or relapsing SPMS. 1T is reasonable to consider mitoxantrene
in selected patients with a progressive course who have falled other ap-
proved therapies.

DISEASE-MODIFYING THERAPIES FOR SPMS  High-dose IFN-§
probably has & beneficial effect in patients with 5PMS who are still experi-
ancing acute relapses, IFN-§ is probably ineffective in patients with SPMS
who are not having acute attacks. Giatiramer acetate and natalizumab
have not heen studied in this patient papulation.

Although miroxantrone has been approved for patiants with progres-
sive M5, this is not the papulation studied in the pivotal trial. Therefore no
evidence-based recommendation can be made with regard to its use in
This setting.

PPMS Mo currently available therapies have shown any promise for
treating PPMS at this time, A& phase [l clinical trial of glatiramer acetate in
PPMS was recentty stopped hecause of tack of efficacy. Trials of mitoxan-
trore and rituximats in PPMS are currently underway.

OFF-LABEL TREATMENT OPTIONS FOR RRMS AND §PMS  Azu-
thiopnne (2-3 mg/kgiper day has been used pnmarnily in SPIS. Meta-anal-
ysis of published trials suggests that azathioprine s marginally effective at
lowerng relapse rates, although 3 benefir on disability progression has not
been demonsirated.

Methorreeare (7 5-20 mgiwk) wad shown in ong study to slow the pro-
grassion of upper-extremity dysfunction in SPRMS, Because of the possibili-
1y of developing irmeversible fiver damage, some erperts recommend 4
blind liver biopsy after 2 vears of therapy.

Cyclophospharude (700 ma/me, every ather monthy may be helpful for
treatmeant- refrduory patients who are {1 otherwise in good heakth, [2) ame

ever, its use is hmited because of its high cost, questions about optimat dose,
and uncertainty abour s effect on long-term disability outcome.

Methylnredarsolone administered in ore study as monthiy high-dose in-
travencls pulses, reduced disability progression (see above).

OTHER THERAPEUTIC CLAIMS Many puiporied treatments for
M5 have never Deen subjected 10 scientific scruting. These inciude dietary
therapies (.9, the Swank diet in additian 10 others;, megadoss vitamins,
ow-dose naltrexane, calaum arotate, bee stings, cow colastrum, hyper-
Daric axygen, procann fa combination of histarsine and caffeine), chefa-
non, acupuncture, acupressure, various Chinese herbal remedies, and
removal of mercury-amalgarm tooth filings, among many others. Patients
should avaid costhy v potentially hazardous unproven reatments, Many
such Treatments lack bictogic plausibility. For example, no refiabie case of
mercury Poisoning resembling typical M5 has ever been described.

Althaugh potential roles for BBV, HHV-6, or chlamydia have been sug-
gested for MS, these reports are unconfirmed, and treatment with antiviral
agents or antibiotics is not currently appropriate.

SYMPTOMATEIC THERAPY  Fotassiumn channel biockers (2.0, 4-ami-
nopyridine, 10-40 mgsd: and 24-di-aminopyridine, 40-80 mg/dy may be
helpfut for weakness, especially for heat-sensitive symptoms, At high doses
they may cause seizures. These agents are not FDA-approved but can be
obtained from compounding pharmacies around the United States.
Atamastremor is often intractable. Clonazepam, 1.5-20 mg/d; mysoline,

50-250 ma/d; propranclal, 40-200 mg/d; or ondansetron, 8-16 mg/d may
hefp. Wrist weights occasionally reduce tremor in the arm or hand. Thalarr-
otomy or deep-brain stimutation has been tried with mixed success.

spasticity and spasms may improve with physical therapy, requifar exer-
cise, and stretching, Avaidance of riiggers {e.g., infections, fecal impactions,
bed sores) is extremely important, Fffective medications include Horesal
{20-120 mg/d}, diazepam (2-40 mg/d), tizanidine (8-32 mg/d), dantrolene
{25-400 my/d), and cyclobenzaprine hydrochloride (10-60 mg/d). For se-
sere spasticity, 4 lioresal pump (defivering medication directly into the T5F;
can provide substantial rafief.

Fair is treated with anticonvuisants icarbamazepine, 1001000 mag/d;
phenytain, 300-600 mg/d; gabapentin, 300-3600 mg/d; or pregabalin,
50-300 ma/d ), antidepressants {amitriptyline, 25150 mg/d; nortriptyline,
25-150 mg/d; desipramine, 100-300 mayd; or venlafaxine, 79-225 mg/d),
of antiarrhythmics {mexiletineg, 300-900 mig/d), if thesa approaches fail, pa-
tients should be referred to a comprehensive pain management program.

Bladder dysfunction management is best guided by urodynamic testing.
Evening fluid restriction or frequent voluntary voiding may help detrusor
hyperreffexio. |f these methads fail, propantheline bromide [10-15 mg/d),
axybutynin (5-15 mg/d), hyoscyamine sulfate 0.5-0.75 mg/d), rolterodine
taitrate {2—4 mg/d), or solitenacin (5-10 mg/d} may hetp. Coadministration
of pseudoephedrineg (30-60 mg) is sometimes beneficial.

{Jetrusor/sphincter dyssynergia may respond 10 phenoxybenzaming (10—
20 mgdds of terazosin hydrochloride (1-20 magsd). Loss of reflex biadder
wall contraction may respond 1o bethanechol (30-150¢ mag/d). However,
both conditions often raquire catheterization.

Uninary tract infections should be mreated promptiy, Patients with large
past-void residual utine sclumes dre predisposed 1 infections. Prevention
by urine acidification (with cranberry juice or vitamin C) inhibits sorme bac-
teria, Prophylactic administration of antibiatics is sometimes necessary but
may lead to colonization by resistant grganisms. intermitlent catheteriza-
tion may help to prevent recurent infections.

Treatrment of constipanion includes high-fiber diets and fuids. Natural or
uther laxzatives may heln Fecal incontinenc? may respond (o a reduction in
dhetary fiber,

Depressicn should he treated Useful drugs include the selective seroro-
rir: reapstake nhibitors (fluoxetine, 20-80 mgdd, o1 sertraline, 50-200 meg/d);
the tricyclic antidepressants famitriptyline, 25--150 mag/d, nortptyline, 25—
150 mgrd, or desipramine, 100-300 mo/d); and the nontricychic anhide-
pressants tverlafaxine, 75-225 mg/dh

Futigue may improve with assistive devices, help in the home, or suc-
cessful management of spasticity. Patients with frequent nocturia may
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bulatary, and (3) <40 years of age Bocausﬁ Sy IeBhospRarmde tan ha
used for periads in excess of 2 years, it may be preferable to mitoxantrons
in these drcumstances.

I HGVEncanss T fuun i Hg[, adrministersd in monrhl', ;Z.::SL S 60t
1 gfkg) for up 1o 2 years, appears to reduce apnual exacerbation rates How-

BERet Tom anticholneraie medication &t Bedfme Pimary B Tatiaue
may 1espond to amantadine (200 ma/d), methylphenidate 15 25 mg/d), or
modahind {100-400 mag/di.

Cagnitive problerss may respond 15 the cholinesterase inhibirar dene-
pezil hydrachionde (10 mg/d).
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Paroxysma: symptams respond dramatically to low-dose anticonvial
sants tacetazolarmide, 200-600 mo/d; carbamazepine, S0- 400 mg/d, phen-
yrain, 50-3G0 ma/d; or gabaperitin, 500~ 1800 masd,

Hear senstinly may respond 1o heat avoidance, air-randitioning, of
COOHNG Garmenrts,

Sexudd dvsfunction may be helped by lubricants 1o aid i genital stimulz-
tion and sexual arousal. Management of pan, spasticity, fatigue. and tlad-
der/bowel desfunction may also heip. Sitdenafil (50-300 ma; taken -2 b
before sex. 5 now the siandard treatrmern for maintzining erections.

PROMISING EXPERIMENTAL THERAPIES  Kumerous clinical triais
are cutrently underway. These include: (1} combination therapies: (2) higher-
dose FN-f than currently prescribed; 13) monoclonal antibodies against
020 to deplate B cells, againg the IL-2 receptor, of against CO52 1o in-
duce global lymphocyte depletion; (4} an oral sphingosine-1-phosphate
reCeptor antagonist 1o sequester fymphocytes in the secondary tvmphoid
organs; (5) use of MBP. or an altered peptide ligand resembling MBP, to in-
duce antigen-specific tolerance: (8) an oral inhibitor of the enzyme dihy-
droortate debudrogenase involved 1n pyrimidine wynthasic; (7 use of
statins as immunomadulators, (8) estriol 1o induce a pregnancy-like state;
and {9} bone marrow transplantation,

CLINICAL VARIANTS OF M$S

Newrompyelitis optica (NMO}, or Devic's syndrome, consists of separate
attacks of acute ON and myelitis. ON may be unilateral or bilateral
and precede or follow an attack of myelitis by days, months, or vears.
In contrast to MS, patients with NMO do not experience brainstem,
cerebellar, and cognitive involvement, and the brain MRI is typically
normal. A focat enhancing region of swelling and cavitation, extend-
ing over three or mere spinaf cord segments, is typicaily seen on MRI.
Histopathology of these lestons may reveal thickening of blood-vessel
walls and deposition of antibody and complement. Occasional pa-
tients with apparent NMO also have brain MRI changes indicating in-
volvement of the cerebral hemispheres.

NMO, which is ancommon in Caucasians compared with Asians
and Africans, is best understood as a syndrome with diverse causes.
Some patients have a systernic autoimmune disorder, often systemic
lupus erythematosus, Sjégren’s syndrome, p-ANCA (perinaclear an-
tineutrophil cyloplasmic antibody} associated vasculitis, or mixed
connective tissue disease. In others, onset may be associated with acute
infection with varicella-zoster virus, EBV, HIV, or tuberculosis. More
frequently, however, NMO is idiopathic and probably represents an
M5 variant; in such cases the course can be monophasic but is more
ofien recurrent.

A highly specific autoantibody directed against the water channel
protein aguaporin-4 is present in the sera of more than half of patients
who have a clinical diagnosis of NMQ. Aquaporin-4 is localized to the
foot processes of astrocytes in close appasition to endothelial surfaces.
The role of aguaporin-4 antibodies in the pathogenesis of NMO, how-
ever, is unknown.

Disease-maditying therapies for MS have not been rigorously stud-
ied in NMO. Acute attacks are usually treated with high-dese glucocor-
ticoids as for MS exacerbations (see above). Because of the possibility
that NMO is antibody-mediated, plasma exchange has also been used
empirically for acute episodes that fail to respond to glucocorticoids.
Immunosuppressants (cyclophosphamide or azathioprine with gluce-
corticaids] are sometimes used in the hope that further relapses will be
prevented, More recently, in a small open-case series, B cell depietion
with anti-CD20 morocional antibody (rituxan) appeared to show
promise in preventing relapses of NMO.

Acute MS (Marburg’s variant} is a fulminant demyelinating process
that in some cases progresses inexorably to death within 1-2 years.
Typically, there are no remissions, When acute MS presents as a soli-

tary, usually cavitary, Jesion, a brain tumor is often suspected, In such . |

cases a brain biopsy is usually required to establish the diagnosis. An
antibody-mediated process appears to be responsible for most cases.
Marburg’s variant does not scem 1o follow infection or vaccination,
and it is unclear whether this syndrome represents an extreme form of
MS or another discase altogether. No controlled trials of therapy exist;

high-dose glucocorticoids, plasma exchange, and cvclophosphamide
have been tried, with uncertain benefit.

ACUTE DISSEMINATED ENCEPHALOMYELITIS (ADEM)

ADEM has a monophasic course and is frequently associated with an-
tecedent immunization (postvaccinal encephalomvelitis) or infection
(postinfectious encephalomyefitis). The hallmark of ADEM is the
presence of widely scattered small foci of perivenular inflammation
and demyelination. I its most explosive form, acute hemorrhagic leu-
koencephalitis. the lesions are vasculitic and hemorrhagic, and the
clinical course is devastating.

Postvaccinal encephalomyclitis may follow the administration of
smaltpox and certain rabies vaccines. Postinfectious encephalomyelitis
is most frequently associated with the viral exanthems of childhood.
Infection with measles virus is the most common antecedent (i in
1000 cases). Worldwide, meastes encephalomyelitis is still common, al-
though use of the Hve measles vaceine has dramatically reduced its in-
cidence in developed countries. Am ADEM-like illness rarely follows
vaccination with live measles vaccine {1-2 in 10° immunizations).
ADEM is now most frequently associated with varicella (chickenpox)
infections (1 in 4000-10,000 cases). It may also follaw infection with
rubella, muraps, influenza, parainfluenza, infectious mononucleasis
viruses, and Mycoplasma. Some paticnts may have a nonspecific upper
respiratory infection or no known antecedent illness.

All forms of ADEM presumably result from a cross-reactive im-
mune response to the infectious agent or vaccine that then triggers an
inflammatory demyelinating response. Autoantibodies to MBP and to
other myelin antigens have been detected in the CSF from many pa-
tients with ADEM. Attempts to demonsirate direct viral invasion of
the CNS have been unsuccessful.

CLINICAL MANIFESTATIONS

In severe cases, onset is abrupt and progression rapid (hours to days).
In pastinfecticus ADEM, the neurologic syndrome generaily begins
late in the course of the viral jllness as the exanthem is fading. Fever re-
appears, and headache, meningismus, and lethargy progressing to
coma may develop. Seizures are common. Signs of disseminated neu-
rologic disease are consistently present (e.g., hemiparesis or quadri-
parests, extensor plantar responses, lost or hyperactive tendon reflexes,
sensory loss and brainstern involvernent). In ADDEM due to chicken-
pox, cerebellar involvement is often conspicuous, CSF protein is mod-
estly elevated [0.5-1.5 g/L (50150 mg/dL3]. Lymphocytic pleocytosis,
generally 206 cells/lui, occurs in 80% of patients. Occasional patients
have higher counts or a mixed polymorphonuciear-lymphocytic pat-
tern during the initial days of the illness. Transient CSF oligoclonal
banding has been reperted. MRI may reveal extensive gadolinium en-
hancement of white matter in brain and spinal cord.

DIAGNOSIS

The diagnosis is casily estabiished when there is a history of recent vacci-
nation or exanthematous illness. In severe cases with predominantly ce-
rebral involvement, acute encephalitis due to infection with herpes
simplex ot other viruses may be difficult to exclude. The simultaneous
onset of disseminated symptoms and signs is common it ADEM and
rare in MS, Simifarly, meningismus, drowsiness, coma, or seizures sug-
gest ADEM rather than MS, Unlike in MS, in ADEM optic nerve involve-
ment is generally bilateral and transverse myelopathy complete. MRI
findings that may support a diagnesis of ADEM include extensive and
relatively symmetric white matter abnormalities and Gd enhancement of
all abnormal areas, indicating active disease and a monophasic course.

L7 ACUTE DISSEMINATED ENCEPHALOMYELITIS

initial Treatrment is with Righ-dose giucocorticoids a4 for exacertations of MS
see shovel depending on the fosponse, reatment may need 1o De Contin:
ued for 4-8 weeks Patients who fail te respond within a few davs may hene
fit frorm a course of plasma exchange or intravenous immuricglobulin, The
prognosis reflects the severity of the underlving acuta iliness, Meastes en-




cephalomyshtis s associated with a mertality rate of 5-20%, and most survi-
wors have permanent nedrologic sequetae, Children who recover may have
persistent seizures and behavioral and learning disorders,
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Meningitis, Encephalitis,
Brain Abscess, and Empyema
Karen L. Roos, Kenneth L. Tyler
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Acute infections of the nervous systermn are among the most important
problems in medicine becanse early recognition, efficient decision-mak-
ing, and rapid institution of therapy can be lifesaving. These distinct
clinical syndromes include acute bacterial meningitis, viral meningitis,
encephalitis, focal infections such as brain abscess and subdural empye-
ma, and infectious thrombophlebitis, Each may present with a nonspe-
cific prodrome of fever and headache, which in a previously healthy
individual may initially be thought to he benign, until {with the excep-
tion of viral meningitis) altered consciousness, focal neurologic signs, or
seizures appear. Key goals of early management are to emergently distin-
guish between these conditions, identify the responsible pathogen, and
initate appropriate antimicrobial therapy.

APPROACH TO THE PATIENT

{Fig. 376-1; The first task is to identify whether an infection pre-
dominantly involves the subarachnoid space {meningitis) or whether
there is evidence of either generalized or focal involvement of brain
tissue in the cerebral hemispheres, cerebellum, or brainstem. When
brain tissue is directly injured by a viral infection the disease is re-
ferred to as emcephalitis, whereas focal bacterial, fungal, or parasitic
infections invelving brain tissue are classified as either cerebrifis or
abscess, depending on the presence or absence of a capsule.

Nuchal rigidity ("stiff neck”) is the pathognomonic sign of me-
ningeal irritation and is present when the neck resists passive flexion.
Kernig’s and Brudzinski’s signs are also classic signs of meningeal ir-
ritation, Kernig's sign is elicited with the patient in the supine posi-
tion. The thigh is flexed on the abdomen, with the knee flexed;
attempts to passively extend the knee elicit pain when meningeal ir-
ritation is present. Brudzinski’s sign is elicited with the patient inr the
stpine position and is positive when passive Hlexion of the neck re-
sults in spontaneous flexion of the hips and knees. Although com-
monty tested on physical examinations, the sensitivity and specificity
of Kernig's and Brudzinski’s signs are uncertain, Both may be absent
aor reduced in very young or ciderly patients, immunoecompromised
individuals, or patients with a severely depressed menta] status. The
high prevalence of cervical spine disease in older individuals may re-
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have known malignant lesions or central nervous system (CNS)
neoplasms, or have focal neurologic findings that include papille-
dema ot a depressed level of consciousness should undergo CT or
MR} of the brain prier to lumbar puncture (LP}. In these cases
empirical antibiotic therapy should not be delayed pending test
results but should be administered prior to neuroimaging and LE.
{3) A significantly depressed level of consciousness (e.g., somno-
lence, coma), seizures, or focal neurologic deficits do not occur in
viral (aseptic) meningitis; patients with these symptoms should
be hospitalized for further evaluation and treated empirically for
bacterial and viral meningoencephalitis. (4) Immunocompetent
patients with a normal level of consciousness, no prior antimi-
crobial treatment, and a cerebrospinal fluid (CSF) profile consis-
tent with viral meningitis (lymphocytic pleocytosis and a normal
glucose concentration) can often be treated as outpatients if ap-
propriate contact and monitoring can be ensured. Failure of 2 pa-
tient with suspected viral meningitis to improve within 48 h
should prompt 2 reevaluation including follow-up nearclogic
and general medical examination and repeat imaging and labora-
tory studies, often including a second LP.

DEFINITION

Bacterial meningitis is an acute purulent infection within the sub-
arachnoid space. Tt is associated with a CNS inflarnmatory reaction
that may result in decreased consciousness, seizures, raised intracrani-
al pressure (ICP), and stroke. The meninges, the subarachnoid space,
and the brain parenchyma are all frequently involved in the inflamra-
tory reaction (meningoencephalitis).

EPIDEMIOLOGY

Bacterial meningitis is the most common form of suppurative CNS in-
fection, with an annual incidence in the United States of »2.5 cases/
100,000 population. The epidemiology of bacterial meningitis has
changed significantly in recent years, reflecting a dramatic decline in
the incidence of meningitis due to Haemophilus influenzae, and a
smaller decline in that due to Neisseria meningitidis, following the in-
troduction and increasingly widespread use of vaccines for both these
organisms, Currently, the organisms most commeouly responsible for
comspunity-acquired bacterial meningitis are Streprococcus pnewmoni-
ae (~50%), N. meningitidis (~25%), group B streptococct {~15%),
and Listeria monocytogenes (~10%), H. influenzae now accounts for

: 4 1;5;\:.;'{}-.'

Initial management can be puided by several considerations:
(1} Emnpirical therapy should be initiated promptly whenever bacte-
rial meningitis is a significant diagnostic consideration. {2} All pa-
tents who have had recent head trauma, are immunocompromised,

<109 of cases of bacterial meningitis in most series.

EnoLoGy
S. prnewmoniae {Chap. 130} is the most common cause of meningitis in

adults >20 years of age, accounting for nearly half the reported cases (1.1

2621
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2622 per 100,000 persons per year), There are a num-
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ber of predisposing conditions that increase the
risk of pneuvmacoccal meningitis, the most im-
portant of which is pnewmococcal pneumonia.
Additional risk factors include coexisting acute
or chronic pneumococeal sinusitis or otitis me-
dia, alcoholism, diabetes, splenectomy, hypoga-

l Headache, Fever, tNuchat Fllgidity!

'

| Aitered montal statua? l

(=) [ ()

k.

mmaglobulinemia, complement deficiency, and

head trauma with basilar skull fracture and Meningoancephalitis, ADEM, Meningitis !
CSF rhinorrhea. Mortality remains ~20% de- encephalopathy, or mass esion _T'
it

spite antibiotic therapy.

N. meningitidis {Chap. 136) accounts for
25% of all cases of bacterial meningitis {0.6
cases per 100,000 persons per year} and for up

1 Papllfedema andior focal neurologic deficit? |

| | S Immunocompromised?
J History of recent head trauma. known
l ] career, sinusitis?

to 60% of cases in children and young adults
between the ages of 2 and 20. The presence of

Obtain blood culture and start
empirical antimicrobial therapy

&

petechial or purpuric skin lesions can provide
an important clue ko the diagnosis of menin-
gococcal infection, In some patients the dis-
ease is fulminant, progressing to death within

|

hours of symptom onset. Infection may be ini-

tiated by nasopharyngeal colonization, which
can result in either an asymptomatic carrier
state or invasive meningococcal disease. The
risk of invasive disease following nasopharyn-
geal colonization depends on both bacterial
virulence factors and host immune defense
mechanisms, including the host's capacity to
preduce antimeningococcal antibodies and to
lyse meningococct by both classic and alterna-
tive complement pathways. Individuals with
deficiencies of any of the complement compo-
nents, including properdin, are highly suscep-

Mass lesion

[ Imaging: Head CT or MRI {prefarred) |

Appropriate medical
and/or surgical
| interventions

No mass lesion

Focal or White matter
generalized abnormalities
gray matter
abnormalities
or normal ADEM Iesae =
P e + 1
!;‘_‘_ | s | Immediate blood cutture
Encephalitis fe——————e—s{ " and lumbar puncture
{ LI SRR L feer g, ‘

tible to meningococcal infections.

Enteric gram-negative bacilli are an increas-
ingly common cause of meningitis m individu-
als with chronic and debilitating diseases such

! Ploocytosis with PMNs

Plaocytosis with MNCs
Nermal o7 increased pretein
Mormal or decreased glucose
Gram's stain negative

Elovated protein
Decreased glucose
Grarn's stain positive

as diabetes, cirrhosis, or alcoholism and in those
with chronic urinary tract infections. Gram-
negative meningitis can also complicaie neuro-
surgical procedures, particularly craniotony.

Graup B streptococcus, or 8. agalactine, was
previously responsible for meningitis predom-
inantly in necnates, but it has been reported
with increasing frequency in individuals =50
years of age, particularly those with underlying
diseases.

L. monocytogenes (Chap. 132) has become A
an increasingly important cause of meningitis
in neonates (<1 month of age). pregnant
women, individuals >80 years, and immuno-
compromised individuals of all ages. Infection
is acquired by ingesting foods contaminated by
Listerig, Foodborne human listerial intection
has been reported from contaminated colestaw,
milk, soft cheeses, and severai types of “ready-1o-
cat” foods, including debicatessen meat and un-
cooked hotdogs.

The frequency of H. influenzae type b men-
ingitis in children has declined dramatically since the introduction of
the Hib conjugate vaccine, although rare cases of Hib meningitis in
vaccinated children have been reported. More frequently, H. influenzae
causes meningitis in unvaccinated children and aduits,

Staphylococcus aurens and Coagulase-negative staphylococer (TR
129} are important causes of meningitis that occurs iof]owmg intvasive
neusosurgical procedures, particularly shunting procedures for hydro-
cephalus, or as a complication of the use of subcutaneous Ommaya
reservorrs for administration of intrathecal chemotherapy.

I i Tier t Eval (no unusuat historic points or exposuras):
| Bacterial procese F { Viral: GSF PCR for enterovirus, I:JSV VZV
CSF tgM for WNV
I Wiral culture: CSF, threat, stool
If skin Jesions DFA for HSV, V2V
! HIV serology
Serology for enteroviruses arxt arthropoed-bome
viruses
Fungat: CSF cryptococcal Ag, fungat cultures
Bacterial: VDRL and bacterial cullure
Mycobacterial: CSF AFB stain and TB PCR, TB
culture. CXR, PPD

FIGURE 376-1 The management of patients with suspected CNS infection. ADEM, acute
disseminated encephaiomyeiitis; CT, computed tomography: MR magneatic
ing; PMNs, polymorphonuclear leukocytes: MMNCs, mononuclesr celis, CSF. cerebrospinal fluid;
FCR, polymerase chain reaction; HSV, herpes simplex virss: V2V, varicella-zocter virus, Ny,
West Nile virus: DFA, direct fluorescent antihody: Ag, antigern: VORI, Venereal Disease Researc
laboratory; AFB, acid-ast bacdles; TB. tuberculosis:
rivative; EBY, Epstein-Bare virus; CTFV, Coforado tick fever virus, =Y, human herpesvirus: LMY,
byrmphocytic choriomeningitis vieus.

reSonance imag-

CxR, chest serav; PPD, purifisd protein de-

PATHOPHYSIOLOGY

The most commen bacteria that cause meningitis, S. preymoniae and
N. meningitidis, initially colonize the nasopharynx by attaching to na-
sopharyngeal epithelial cells, Bacteria are transported across epithelial

“cells in membranc-bound vacuoles to the intravascular space or invade

the intravascular space by creating separations in the apical 1ight junc-
tions of columnar epithelial cells. Once in the bloodstream, bacteria are
able to avoid phagocytosis by neutrophils and classic complement—me-
diated bactericidal activity because of the presence of a polysaccharide



models of meningitis, cytokines including tu- 2623

Tier 2 Evaluation (If abhove negative):

EBV: Serum serology, CSF PCR

Mycoplasma: Serum serology, CSF PCR

Inflzenza A. B: Serology, respiratory culture, CSF
] Adenovirus: Seroiogy, throat swab. C5F PCR

Fungal C5F & serum coceidioical antibody, Mistoplasma

antigen & antibody

mor necrosis factor {TNF) and interleukin 1
(FE-1) are present in CSF within 1-2 h of intra-
cisternal inoculation of LPS. This ¢ytokine re-
sponse is quickly followed by an increase in
CSF protein concentration and leukocytosis.
Chemokines {cvtokines that induce chemotac-

PCR

¥

Tier 3 Evaluation
{based on epidemiclogy)

r i ¥

Diarrhea
(infant/chiid})

Recent
exanthemai
iliness

Muosquite or
tick exposure

Hepatitis

Hepatitis C |}

tic migration in leukocytes} and a varicty of
other proinflammatory cytokines are also pro-
duced and secreted by leukocytes and tissue
cels that are stimulated by IL-1 and TNFE In
addition, bacteremia and the inflammatory cy-
tokires induce the produciion of excitatory ami-
no acids, reactive oxvgen and nitrogen species
{free oxygen radicals, nitric oxide, and perox-
yaitrite), and other mediators that can induce

CTFV Rotavirus | , Jin colls
Arbovinis Measies death of brd‘m cells. ‘ A
Rickattsial Rubelia Much of the pathophysiology of bacterial
Borrefia HHV-6 meningitis is a direct consequence of elevated
S levels of CSF cvtokines and chemokines. TNF
and IL-1 act synergistically to increase the per-
"""""" = N meability of the blood-brain barrier, resulting in
] ¥ l J induction of vasogenic edema and 1he leakage of
Raccoon Wild rodent Cat i Swimming in serum proteins into the su'barachnoid space
eXpoSUre of or hamster _exposure | lakes of ponds {Fig. 376-2). The subarachnoid exudate of pro-
Hx of pica exposure 1_"'” | it ':O”Ch'm‘”atec’ teinaceous material and leukocytes obstructs the
2 W T ey .
l I | Brinal . flow of CSF through the ventricular sysiem and
Bartonelia spp. | : iminishes the resorptive capaci -
Baytisascaris LeMY (cat scralch fever) | S Al dm.?dm > e‘sl, bl rph d ‘api‘i,‘.”y ob 1{h 3 ;mh
procyanis Acanthamoeba or nm grapu afions 1n the l'.ll'a 'Slnubﬂs, ea l.ﬂg o
+ 4 4 Naegleria fowleri obstructive and communicating hydrocephalus
amebic ; i i a{31is
Bat exposure BaiTod Exposure o I{'neningoancephaliﬁs) and concomitant interstitial edema.
Animat bite (Psittacine) cattle or Inflaznmatory cvtokines upregulate the ex-
|_expasure unpasteurized pression of selecting on cerebrat capillary endo-
I dairy|pioducts thelial cells and leukacytes, promoting leukocyte
Chiarvoia GaA l, adherence Lo vascular endothelial cells and sub-
amydia psiftaci N ]
(Psittacosis) Brudelis spp. {Bruseliosis) sequent migration into the CSE. Tht? adhcreqcc
of leukocvies to capillary endothelial cells in-

Coxiefia burnetii {Q fever)

B
FIGURE 376-1 (Continued.)

capsule. Bloodborne bacteria can reach the intraventricular choroid
plexus, directly infect choroid plexus epithelial cells, and gain access 10
the CSE Some bacteria, such as 8. pneumoniae, can adhere to cerebrat
capillary endothelial cells and subsequently migrate through or between
these cells to reach the (SE Bacteria are able to multiply rapidly within
CSF because of the absence of effective host immune defenses. Normal
CSF contains few white blood cells (WBCs) and relatively small amounts
of complement proteins and immunoglobulins. The paucity of the latter
two prevents effective opsonization of bacteria, an essential prerequisite
far bacterial phagocylosis by neatrophils. Phagocytosis of bacteria is
further impaired by the fluid nature of CSF, which is less conducive (o
phagocytosis than a solid tissue substrate.

A critical event in the pathogenesis of bacterial meningitis is the in-
flammatory reaction induced by the invading bacteria. Many of the neu-
rologic manifestations and complications of bacterial meningitis result
from the immune response to the invading pathogen rather than from
direct bacteria-induced tissue injury. As a result, neurologic injury can
progress even after the CSF has been sterilized by antibiotic therapy.

The lysts of bacteria with the subsequent release of cell-wall compo-
nents into the subarachnoid space is the initial step in the induction of
the inflammatory response and the formatmn of a purulent exudate in
the subarachnoid spac cell-wall
such as the Tip
teria and teichoic acid and ptptldog]‘mﬂl‘]b of 5, pnummmm induce
meningeal inflaimmation by stimulating the production of infamma-
tory cylokines and chemokines by microgia, astrocvies. monocyies.
microvascular endothelial cells, and CSF leukocvies. In experimental

creases the permeability of blood vessels, allow-
ing for the leakage ot plasma proteins into the
CSF which adds to the inflammatory exudate.
Neutrophil degranulation results in the release
of toxic metabolites that contribute to cytotoxic ederna, cell injury, and
death. Contrary to previous beliefs, CSF leukocytes probably do little to
contribute to the clearance of CSF bacterial infection.

Dhuring the very early stages of meningitis, there is an increase in ce-
rebral blood flow, soon followed by a decrease in cerebrad blood flow
and a loss of cerebrovascular autoregulation (Chap. 269). Narrowing
of the large arteries at the base of the brain due to encroachment by
the purulent exudate in the subarachnoid space and infiltration of the
arterial wali by inflammatory cells with intimal thickening {(vasculitis)
alsu occur and may result in ischemia and infarction, obstruction of
branches of the middle cercbral artery by thrombusis, thrombosis of
the major cerebral venous sinuses, and thrombophlebitis of the cere-
brai cortical veins, The combination of interstitial, vasogenic, and cy-
totoxic edemu leads to raised 1ICP and coma. Cerebral hermiation
usually results from the effects of cerebraf edema, either focal or gener-
alized; hydrocephalus and dural sinus or cortical vein thrombosis may
also play a role,

CLINICAL PRESENTATION
Meningitis can present as either an acute fulminant illness that progress-
es rapidly in a few hours or as a subacute infection that progressively
worsens over several days. The classic ciinical triad ofmenmgms is fever,
“heddache, and nuchal Higidity sed Tevel of Consci

in >75% of patients and can vary from lethargy to coma. Nausea, vomit-
ing, ansd photophobia are also common comphaints.

Selzures ooour as part of the aiitlal presenation vl bacterial menin-
gitis or during the course of the illness in 20-40% of patients. Focal

CIOUSTIESS OCcuTs
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2624 X . : delay lubde i7o-1 . The diagnosis of
| Invasion of SAS by meningeal pathogens f bacterial meningitis is made by examina-
e —— =5 tion of the CSF - iubic 7625, The need
|" Mulhpii_ca;iéh of organisms and fysis of arganisms by bactericidal antibiotics | © obtalr} neurormaging studxgs- ((TI o
o i SRRy : . MRi} prior to LP requires clinical judg-
= ER et [ B R : : . ment. [ an immunocompetent patient
Releage of bacterial cell wall cornponents (endoioxin, teicholc acid} with no known history of recent head
''''''' T VP B = trauma, a normal leve! of consciousness,
Production of inflammatory cytokines J and no evidence of papilledema or focal
"""" A v A neurologic deficits, it is considered safe
q e 1 1 to perform LF withcut prior neurcimag-

L ; e R s fr= STt e, E : : : :
ARlgrod hiooad-brain | Adharence of leukocytes | | Alterations f Production of ng §tudles. “f Lp }S dciayefi m ord.let 1o
barrinr permsat L[ © to cerebral capitiary in cerebral | i excitatory aming obtain neuroimaging sludies, empirical
. e i endothelial cells blood fiow | | acids and reactive antibiotic therapy should be initiated af-
T e~ | oxygen and ter blood cultures are obtained. Antibi-
1= ' ; nilrager: species otic therapy initiated a few hours prior
[t Permaability of | l I to LP will not significantly alter the CSF
| biood vessels win | | o ey WBC count or glucose concentration,
oakage of plasma | Lax ) nor is it likely to prevent visualization of
tif'i'“f-'-_-'-_'flf-S_"_ ' ._"'ifL | organisms by Gram’s stain or detection
| l of bacterial nucleic acid by polymerase

[Exugate m S5AS obstructs | | chain reaction (PCR) assay.
| outfiow and resarption of | ' The classic CSF abnormalities in bacte-
B *;'I‘-';: 1.:??.-,:11: o At 1E= Al—‘—ﬂ rial meningitis (Table 376-2) are (1) poly-
| i el | Carnbral ’ | yTreweT v 1 == {norphonuclear. (PMN}  leukocytosis
| — |_‘achemia |/} | Vbiood flow | | tbiood flow | (>100 cells/ul. in 9%0%), (2) decreased
=1 I_!._.____.I I glucose concentration [<2.2 mmal/L (<40
1_ ot | e — ! - mg/dL) ‘andfor SZSP/ser_um glucose rarf'o
[ edema ¢ and communicating AyiOic S0em of <0.4 in ~60%], (3) increased protein
=== | hydrocophalus and |0, i | concentration [>0.45 g/l (>45 mg/dL) in
intarstitial edema | | 90%]. and (4) increased opening pressure
- ! | i (180 mmH,O in %09}, CSF bacterial
= ] cultures are positive in >80% of patients,
.'E: [} Intracranial pressure E and. CSF. Grany's stain demonstrates or-
Ly ——— gamsms mn >60%,

(- —t e CSF glucose concentrations <2.2
jComa mmol/L (<40 mg/dL) are abnormal, and

FIGURE 376-2 The pathophysiclogy of the neurolegic complications of bacterial meningitis.

SAS, subarachncid space; C5F, cerebrospinal fluid,

seizures are usually due to focal arterial ischemia or infarction, cortical
venous thrombosis with hemorrhage, or focai edema. Generalized sei-
eure activity and status epilepticus may be due to hyponatremia, cere-
bral anexia, or, less commonly, the toxic effects of antimicrobial agents
such as high-dose penicillin,

Raised ICP is an expected complication of bacterial meningitis and the
major cause of obtundation and coma in this disease. More than %% of
patients will have a CSF opening pressure >180 mmH,0, and 20% have
apening pressures >400 mmH,O. Signs of increased ICP include a dete-
riorating or reduced level of consciousness, papilledema, dilated poozly
reactive pupils, sixth nerve palsies, decerebrate postaring, and the Cush-
ing refiex (bradycardia, hypertension, and irregular respirations), The
most disastrous complication of increased ICP is cerebral herniation. The
incidence of herniation in patients with bacterial meningitis has been re-
ported to occur in s few as 9% to as many as 8% of cases.

Specific clinical features may provide clues to the diagrosis of indi-
vidual organisms and are discussed in more detail in specific chapters
devoted to individual pathogens. The most important of these clues is
the rash of meningococcemia, which begins as a diffuse erythematous
maculopapular rash resembling a viral exanthem; however, the skin le-
sions of meningococcemia rapidly become petechial, Petechiae are
found on the trunk and lower extremities, in the mucous membranes
and conjunitivi;and occasionafty on the palms and soles.

s19pJosi Jbojosnay

DIAGNOSIS
When bacterial meningitis is suspected, bload cultures should be imme-
diately obtained and empirical antimicrobial therapy initiated without

a CSF ghacose concentration of zero can
be seen in bacterial meningitis. Use of
the CSF/serum glucose ratio corrects for
hyperglycemnia that may mask a relative
decrease in the CSF glucose concentration, The CSF glucose concentra-
tion is low when the CSF/serum glucose ratio is <0.6. A CSE/serum glu-
cose ratio <0.4 is highly suggestive of bacterial meningitis but may aiso
be seen in other conditions, including fungal, tuberculous, and carcino-
matous meningitis, it takes from 30 rnin to several hours for the concen-
tration of CSF glucose to reach equilibrium with blood glucose levels;
therefore, administration of 50 mL of 50% ghicose (D30) prier 1o LP, as
commonly occurs in emergency room settings, is unlikely to alter CSF
glucose concentration significantly unless more than a few hours have
elapsed between glucose administration and 1P

A broad-range PCR can detect small numbers of viabie and nonvia-
bie organisms in CSF and is expected to be useful for making a diag-
nosis of bacterial meningitis in patients wha have been pretreated with
oral or parenteral antibiotics and in whom Gram’s stain and CSE cul-
ture are negative. When the broad-range PCR is positive, 2 PCR that
uses specific bacterial primers to detect the nucieic acid of 8. preutro-
riae, N. meningitidis, Escherichia coli, L. monocytogenes, H. influenzue,
and 5. agalactiae can be obtained based on the clinical saspicion of the
meningeal pathogen. The latex aggiutination (LA) test for the detec-
tion of bacterial antigens of S. preumoniae, N. meningitidis, H, influen-
zae type b, group B streptococcus, and E. cofi K1 strains in the CSF has
been useful for making a diagnosis of bacterial meningitis but is being
replaced by the CSF bacterial PCR assay. The CSF LA test has a specific-
ity of 95-100% for S. preumioniae and N. meningitidis, so a positive
test s virtually diagaostic of bacterial meningitis caused by these or-
ganisms. However, the sensitiviry of the CSF LA test 1s only 70-100%
for detection of 5. prieumoniae and 33-70% for detection of N. werin-




TCITEECEN ANTISIOTICS USED IN EMPIRICAL THERAPY OF BACTERIAL
MENINGITIS AND FOCAL CNS INFECTIONS®

Indication Antibiotic
Preterr infants to infants <1 monthy - -Ampkcllin + cefotaxime
infants 1-3 mos Ampicilline + cefotaxime or
cefirignane
Immunocompetent children >3 mos and Cefotaxime or ceftiaxone +
aduits <55 vancomycin
Adults =55 and adults of any age with 2lco-  Amipiciflin + cefotaxime or
holism or other debilitating itinesses ceftrigxone + vancomydn
Hospital-acquired meningitis, postirau Armpiciliin + ceftazidime +
Matic or postNedrcsurgery meningitis, VANCOIMycin
nedtropenic patients, or patients with
impaired cell-mediated immunity
Antimicrobial Totai Daily Dose and Dosing Interval
Agent Child {>1 month) Adult
Ampicillin 200 fmg/kg)/d. gdh 12 g/d, géh
Cefepime 150 (mg/kg)/d, gBh 4g/d, ggh
Cefotaxime 200 (mg/kgy/d, ath 12 g/d, g4h
Ceftriaxcne 106 img/kgy/d, atZh 4g/d, qlz2h
Ceftazidime 150G (maskg)/d, g8h 6a/d, g8h
Gentamicin 75 imarkgl/d, gsh? 7.5 imgfkg)/d, o8h
Meropenem 120 tma/kg)/d, aBh 3g/d, g8h
Metronidazole 30 {markg)/d, g6h 1500-2000 mg/d, gbh
Nafcilfin 100200 (maskgi/d. gbh 912 g/d, g4h
Penjcillin G A03,000 (U/kgl/d, gah 2024 million U/d, gah
Vancorycin 60 (maskad/d, geh 2o/d, gizh?

aAll antibictics are administered Intravenausly, doses indicated assume nermad renal

and hepatic function.

¥Dases should be adiusted based on serurn peak and trough levels: gentamicin thera-
peutic level: peak: 5-B pa/me: rough: <2 pg/mls vancomycain therapeutic level: peak:
2540 pag/ml; troughs 5-15 ug/mt.

gitidis antigens, so a negative test does not exclude infection by these
organisms. The Limulus amebocyte lysate assay is a rapid diagnostic
test for the detection of gram-negative endotoxin in CSF and thus for
making a diagnosis of gram-negative bacterial meningitis. The test has
a specificity of 85-100% and a sensitivity approaching 100%. Thus, a
positive Limulus amebocyte tysate assay occurs in virtually ail patients
with gram-negative bacterial meningitis, but false positives may occur.

Almost all patients with bacterial meningitis will have neuroimaging
studies performed during the course of their illness. MRI is preferred
over CT because of its superiority in demonstrating areas of cerebral ede-
ma and ischemia. In patients with bacterial meningitis, diffuse meningeal
enthancernent is often seen afler the administration of gadolinium. Me-
ningeal enhancement is not diagnostic of meningitis but occurs in any
CNS disease associated with increased blood-brain barrier permeability.

Petechial skin lesions, if present, should be biopsied. The rash of
meningacoccemia results from the dermal seeding of organisms with
vascular endothelial damage, and biopsy may reveal the organism on
Cram'’s stain.

TTITERCF R CEREBROSPINAL FLUID {CSF) ABMORMALITIES IN
BACTERIAL MEKINGITIS

Opening pressure =180 mmH;G
white tlood cells 10/l 10 10,0 Ul newtrophils predominate
Red biood cells Absertin LTt taD
Glucose <2.2 mmol/L {<40 mg/dl)
m gluccse <04
Prostesic »0.45 g/t (245 mg/dl)
o stain Positive in >60%
Cutture Positive iy >B0%
{atex aggiutination May be positive in patients with meningitis due

2 e et

type b, £ coli, group B streptococd
Positive in cases of gram-negative meningitis
Detects bacterial DNA

Limulus tysate
PCR

Mote: PCR, polymerase chain reaction.

OIFFERENTIAL DIAGNOSIS

Viral meningoencephalitis, and particularly herpes simplex viras
{HSV} encephalitis, can mimic the clinical presentation of bacterial
meningitis (see “Encephalitis,” below). HSV encephalitis typicaily pre-
sents with headache, fever, altered consciousness, focal neurologic def-
icits (e.g., dysphasia, hemiparesis), and focal or generalized seizures.
The findings on CSF studies, neurcimaging, and electroencephalo-
gram {EEG) distinguish HSV encephalitis from bacterial meningitis.
The typical CSF profile with viral CNS infections is a lymphocytic
pleocytosis with a normal glacose concentration, in contrast to PMN
pleocytosis and hypoglycorrhachia characteristic of bacterial meningi-
tis. MRJ abnormalities (other than meningeal enhancement) are not
seen in uncomplicated bacterial meningitis. By contrast, in HSV en-
cephalitis, on T2-weighted and fluid-attenuated inversion recovery
(FLAIR) MRI images, high signal intensity lesions are seen in the or-
bitofrontal, anterior, and medial temporal lobes in the majority of pa-
tients within 48 h of sympiom onset. Some patients with HSV
encephalitis have a distinctive periodic pattern on EEG (see below).

Rickettsial disease can resemble bacterial meningitis (Chap. 167). Rocky
Mountain spotted fever (RMSF) is transmitted by a tick bite and caused by
the bacteria Rickettsia ricketssii, The disease may present acutely with high
fever, prostration, myalgia, headache, nausea, and vomiting. Most patients
develap a characteristic rash within 96 h of the onset of symptoms. The
rash is initially a diffuse ervthematous maculopapular rash that may be dif-
fault to distinguish from that of meningocaccemia. k progresses to a pete-
chial rash, then to a purpuric rash and, if untreated, to skin necrosis or
gangrene, The color of the lesions changes from bright red to very dark red,
then yellowish-green to black. The rash typically begins in the wrist and an-
Kles and then spreads distally and proximally within a matter of a few
hours, involving the palms and soles. Diagnosis is made by immunoftuo-
rescent staining of skin biopsy specimens. Ehrlichioses are also transmitted
by a tick bite, These are small gram-negative coccobacilli of which two spe-
cies cause human disease. Anaplasma phagocytophilum causes human
granulocytic ehrlichiosis (anaplasmosis), and Ehrlichia chaffeensis causes
human monocytic ehrlichiosis. The clinical and laboratory manifestations
of the infections are similar. Patients present with fever, headache, nausea,
and vomiting, Twenty percent of patients have a maculopapular or petechi-
al rash. There is laboratory evidence of leukopenia, thrombocytopenia and
anemta, and mild to moderate elevations in alanine aminotransferases, al-
kaline phosphatase, and lactate dehydrogenase. Padents with RMSF and
those with ehrlichial infections may have an altered level of consciousness
ranging from mild lethargy to coma, confusion, focal nerologic signs, cra-
nial nerve palsies, hyperreflexia, and seizures.

Focal suppurative CNS infections {see below}, including subdural
and epidural empyerna and brain abscess, should also be considered,
especially when focal neurologic findings are present. MRI should be
performed promptly in all patients with suspected meningitis who
have focal features, both to detect the intracranial infection and to
search for associated areas of infection in the sinuses or mastoid bones.

A number of noninfectious CNS disorders can mimic bacterial men-
ingitis. Subarachnoid hemorrhage (SAH; Chap. 269) is generally the ma-
jor cansideration. Other possibilities include chemical meningitis due to
rupture of tamor contents into the CSF (e.g., from a gystic glioma or
craniopharyngionta epidermeid or dermoid cyst); drug-induced hyper-
sensitivity meningitis; carcinomatous or ymphomatous meningitis; men-
ingitis associated with inflammatory disorders such as sarcoid, systemic
lupus erythematosus (SLE), and Behcet’s syndrome: pituitary apoplexy;
and uveomeningitic syndromes { Vogt-Koyanagi-Harada syndrome).

On occasion, subacutely evolving meningitis (Chap. 377) may be
considered in the differential diagnosis of acute meningitis. The princi-
pal causes include Mycobacterium tuberculosis (Chap. 158}, Cryprococcus
neoformans {Chap. 195), Histoplasma capsulatum {Chap, 192), Coccidio-

... ides impitis (Chap. 193), and Treponiemma pallidum (Chap, 162).

D ACUTE BACTERIAL MENINGITIS

EMPIRICAL ANTIMICROBIAL THERAPY (Table 27417 Bactenat
meningitis is a medical errergency. The goal 15 to begin antibiolic theapy

2625
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2626 within 60 min of a patient’s arrival in the emergency room, Empirical antimi-
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crobial therapy is nitiated In patients with suspected bacterial meningftis
before the results of CSF Gram’s stain and cufture are known, S preumoniae
{Chap. 128) and N meningitidis (Chap. 136 are the most comman etivlogic
organisms of comimunity-acquired bacterial meningftis. Due to the emer-
gence of penicihin- and cephalosporinesistant § pneumoniae, empirical
therapy of community-acquired suspected bacterial meningitis in children
and adults should include a combination of dexamethasone, a third: genera-
ton cephalosparin feg, ceftriawone or cefotaxime)} and vancomyan, plus
atyclovir, as H5V encephalitis s the leading disease in the differential diagno-
sis. and doxycycling during tick season 1o treat tick-borme bacrerial infections,
Ceftriaxone of cefotaxime provide good coverage for susceptible S preurno-
fwae, group B streptococd), and M influenzae and adequate coverage for M
meningitidis. Cefepime is a broad-spectrum fourth-generstion cephalospor-
inwith in vitro activity similar to thar of cefotaxdme or ceftriaxone against S,
pneumoniae and M. meningitidis and greater activity against Enferabacter
spedies and Feudornonas aeruginosa. in clinical trials, cefepime has been
demonstrated 1o be equivalent 1o cefotaxime in the reatment of penicillin-
sensitive preumaoraccal and meningococcal meningitis, and it has been
used successfully in some patients with meningitis due to Erterchacter Spe-
cies and Faeruginosa. Ampicillin should be added to the empirical regimen
for coverage of L rmonocytagenes in individuals <3 months of age, those »55,
or thase with suspected impaired cellmediated immunity because of
chignic iflness, organ transplantation, pregnancy, malignancy, or immuno-
suppressive therapy. In hospitakacquired meningitis, and particufarly menin-
gitis following neurosurgical procedures, staphylococd and gram-negative
organisms including F aeruginasa are the most cormmon etiologic organ-
ismns. In these patients, empirical therapy should include a combination of van-
comycin and ceftazidime, cefepime, or merapenem, Ceftazidime, cefepime, or
merapenent should be substituted for ceftriaxone or cefotaxime in neuro-
surgical patlents and in neutropenic patients, as ceftriaxone and cefotaxime
do not provide sdequate activity against CNS infection with £ aeruginosa.
Meropenerm is a Carbapenem antibictic that is highly active in vitro against £,
rmonocyogenss, has been demaonstrated to be effective in cases of meningi-
tis caused by P aeruginosa, and shows good activity against penicilin-resis-
tant pReumococd. fn éxperimental pnesmocaccal meningits, meropenam
was comparable 10 ceftriaxone and inferior 1o vancomycin in sterilizing CSF
cuitures. The number of patients with bacterial meningitis enrolled in clinical
trials of meropenem has not been sufficient to dafinitively assess the efficacy
of this antibiotic.

SPECIFIC ANTIMICROBIAL THERAPY  Meningococcal

Meningitis (Table 376-3) Although ceftriaxone and cefotakime pro-
vide adequate empirical coverage for N meningitidis, penicillin G re-
mains the antibiotic of choice for meningacoccal meningitis caused by
susceptible strains. fsalates of N meninaiticdis with moderate resistance to

LLEIAERI RS ANTHRICROBIAL THERAPY OF CHS BACTERIAL INFECTIONS
BASED ON PATHOGEN"

penicillin have been identified, but patients infected with these strains
have still bean successfully treated with peniciliin, CSF isciates of N menin-
gutichs shouid be tesred for peniciflin and ampicillin susceptibility, and if re-
sistance is found, cefotaxime or ceftriaxone should be substiured for
peniciiin, A 7-day course of Innavenaus antibicuc therapy 1s adequate for
uncomplicated meningococcal meningtis. The mdex case and all close
contacts should recelve chemoprophylaxs with a 2-day reaimen of
rifampin (600 myg every 12 h for 2 days in adults and 10 ma/kg every 12 h
for 2 days in children >1 vear), Rifarmpin is not recommended in pregnant
wamen. Altermatively, adults can be treated with one dose of ciprofloxacin
(750 ma}, one dose of azithromycin (500 ma), or one intramuscular dose of
ceftriaxone {250 ma). Close cantacts are deflined as those individuals who
have had contact with oropharyngeal secretions, either through kissing or
by sharing toys, beverages, or cigarettes.

Pneumococcal Meningitis  Antimicrobial therapy of pneurnococcal
mMeningitls is initated with a cephalosporin (Ceftriaxone, cefataxime, or
cefepime) and vancomycing Al CSF isalates of S pneumoniae should be
tested for sensitivity 10 penicillin and the cephalosparins, Once the results
of antimicrobial susceptibility tests are known, therapy can be modified ac-
cordingly (Table 376-3). For S paeumoniae meningitis, an isotate of 5. pneu-
fonige is considered to be susceptibie 1o penicillin with a minimat
inhibitory concentration (MIC) <006 pg/mL, 1o have mtermediate resis-
tance when the MIC is 0.1-1.0 gg/ml, and to be highly resistant when the
MIC 1.0 gg/mL sodates of & pneumoniae that have cephalosporin MICs
0.5 wg/me are considered sensitive to the cephalosporins (cefotaxime,
ceftriaxone, cefepime). Those with MICs of 1 ug/mL are considered to have
inteymediate resistance, and those with MICs 22 pegsml are considered re-
sistant. For meningitis due to pneumococc with cefotaxime or ceftriaxone
MICs <0.5 pg/mi, treatment with cefotaxime or ceftriaxone is usually ade-
quate. If the MIC »1 pg/ml, varcomycin is the antiblatic of choice. Rifam-
pin can be added ta vancomycin for its syneraistic effect bt is inadequate
as monotherapy because resistance develops rapidly when it is used alone,
A 2-week course of intravenous antimicrobial therapy is recommended for
pnewmococcal meningitis,

Patients with 5 pneumoniae meningitis shoufd have z repeat LP per-
formed 24-36 h after the initiation of antimicrobial therapy to document
sterilization of the CSE. Failure to sterilize the CSF after 24-36 h of antibictic
therapy should be considerad presumptive evidence of antibiotic resis-
tance. Patients with peniciflin- and cephalosporin-resistant strains of S
pneumoniae who do not respond 1o intravenous vancomyain alone may
benefit from the addition of intraventricular vancomycin. The intraventric-
ular route of administration is preferred over the intrathecal route because
adequate concentrations of vancomyein in the cerebral ventricles are not
always achieved with intrathecal administration

Listeria Meningitis  Meningitis due to {. monocytogenes is treated with
ampiciltin for at teast 3 weeks (Table 376-3). fentamicin is often added 2
mgdkq loading dose, then 7.5 mg/kg per day given every & h and adjusted
for serum levels and renal function). The combination of timethoprirn {10-
20 tmgrkgl/dl and sulfarmethoxazola [50-100 {mg/kal/ds given every 6 h
may provide an alrernative in penicillin-allergic patients.

Meningitis due to susceptible strains of S
aureus of coaguiase-negative staphylococci 1s rreated with nafcillin (Table
376-31 Mancomycin is the deug of choice for methicillin-resistant staphylo-
cocct and for patients allergic to penicifiin. In these patients, the CSF
should be montered during therapy., if the CSF is not sterifized after 48 h of
intravencus vancomycin therapy, ther either inttaventricular or intrathecal

Gram-Negative Bacillary Meningitis  The third-generation cephatospor-
cefotaxime, ceftriaxone, and cefraridime—are equalty efficacious for
the trzatment of gram-negative bacillary meningitis, with the exception of
meningitis due to £ geruginosa, which should be treated with ceftazidime,
cefepime, or mergpenem (Table 376-3) A Joweek course of intravenous
antibiotic therapy is recomnmended for meningitls due 1o gram-negative

“Doses are as ipdicated in Table 376-1.

The ratease of bacterial celi-wall compo-
nents by bactericidal antbiotics leads 10 the production of the wiflarmma-
tory Zytokines -1 and THE in the subarachnoid space. Dexamethasone
exerts Its beneficial effect by intibiting the synthesis of IL-1 and TNF at the
fovel of mRNA, decreasing CSF outflow resistance, and stabilizing the

Organism Antiblotic
Neisseria meningitides Staphylococcal Meningitis
Penicillin-sersitive Penicitlin G or ampiciin
Penlciflin-resistany Ceftriaxone or cefotaxime
Streptococtus prewsoniae
Pepidilfin-sensitive Penicilin G
reniglin-intermediate Ceftriaxone or cefotaxime
Ponicillin-resistant {Coftriaxone of cefotaxime) + 2 vl "
NANCOMYTn vancomyein, 20 mg once daily, can be added.
Gram-negative Hacilli (except Cetdaxone or cefotaxime
Precdbmons spp} .
Pseudormonas aesgingsa Ceftazidime or cefepimme or fite
mEropenem
Stophylocored spp. '
Methicilin-sensitive Nafcilfin
Methicillin-resistant Vancornycln
Listeria monocytogenes Ampliliin e gentamicln ol o
B s e T e v Ceftriaxore or cefotaxime
Streptococcus agalactiae Penicitlin G or ampiaillin ADJUNCTIVE THERAPY
Bacteroides fragifis Metronidazole
Fusobactertum spp. Metronidazole



blood-brain barner, The rationale for giving dexamethasone 20 min bafore
antibiatic therapy is that dexametnasone inhibits the production of TNF By
macrophages and rrucragha only & it sdrministered tefore these cells are
acrivated by endoroxin, Dexarnethasone does not alter THNF production
once it has been imduced. The resulrs of chnical tnals of dexamethascne
therapy w children, predorunantly with menmaitis due to H. nfluenzae
and 5. pneumoniae, have demonstrated its efficacy in decreasing meninge-
ab inflammation and neurologic sequelae such as the incidence of sepso-
rineural heanng loss,

A prospective Turopean triad of adjunctive therapy for acute bactenal
meningitis in 301 adults found that dexarmethssone reduced the number
of unfavorable outcomes (15% vs, 25%, p = 03} including death (7% vs.
15%, p = 04). The benefits were maost striking in patients with pneumoccc:
cal meningitis. Dexamethasone {10 mg intravenously) was administered
15--20 min before the first dose of an antimicrobial agent, and the same
dose was repeated every 6 b for 4 days. These results were confirmed in a
second trial of dexamethasone in adults with pneumococcal meningitis,
Therapy with dexamethasone should ideally be started 20 min betore, or
not later than concurrent with, the first dose of antibiotics. 1t is unfikely ro
be of significant benefit if started =6 h after anrimicrobial therapy has been
initiated. Dexamethasone may decrease the penetration of vancamycin
into CSF, and ft delays the sterilization of C5F in experimental maodets of S
preumorniae meningitis. As a result, its potential benefit should be carefully
weighed when vancormycin is the antibiatic of cholce, Alternatively, vanca-
raycin can be administered by the intraventricular route,

INCREASED INTRACRANIAL PRESSURE  Emergency treatment of
increased ICP includes elevation of the patient’s head 1o 30-45° intubation
and hyperventilation (Pa.q. 25-30 rnmHg), and mannitol. Patients with in-
creased {CF should be managed in an intensive care unit; accurate [CP
measurements are best obtained with an [CP monitoring device. Treat
ment of increased intracranial pressure is discussed in detail in
Chap. 269.

PROGNOSIS

Mortality is 3-7% for meningitis caused by H. influenzae, N. meningi-
tidis, or group B streptococcs; 15% for that due to L. monocytogenes;
and 209 for 5. preumoniae. In general, the risk of death from bacterial
meningitis increases with (1) decreased level of consciousness en ad-
mission, (2} onset of seizures within 24 h of admission, {3) signs of in-
creased ICP, (4} young age {infancy) and age >50, (5] the presence of
comorbid conditions including shock and/or the need for mechanical
ventilation, and (6) delay in the initiation of treatment. Decreased CSF
glucase concentration [<2.2 mmel/L (<40 mg/dL)] and markedly in-
creased CSF protein concentration [>3 g/L (>300 mg/dL}] have been
predictive of increased mortality and poorer outcomes in some series.
Moderate or severe sequelae occur in ~25% of survivors, although the
exact incidence varies with the infecting organism. Common sequelae
inciude decreased intellectual function, memory impairment, seizures,
hearing loss and dizziness, and gait disturbances.

ACUTE VIRAL MENINGITIS

CLINICAL MANIFESTATIONS

Patients with viral meningitis usuaily present with headache, fever,
and signs of meningeal irritation coupled with an inflammatory CSF
profile (see below). The headache of viral meningitis is asually frontal
or retroorbital and is often associated with photophobia and pain on
moving the eyes, Nuchal rigidity is present in most cases but may be
mild and present only near the limit of neck anteflexion. Constitution-
al signs can include malaise, myalgia, anorexia, nausea and vomiting,
abdominal pain, and/or diarrhea. Patients often have mild lethargy or
drowsiness; however, profound alterations in consciousness, such as

VIRUSES CAUSING ACUTE MENINGITIS AND ENCEPHALITIS 2627

1K NORTH AMERICA
Acute Meningitfs
Common fess Comﬁmn
Enteroviruses {consackieviruses, Varicella zoster virus
echoviruses, and hurman Epstein-Barr virus
enterovinises 68-71) Lyrmphooytic choriomeningitis virus

Herpes simplex viris 2
Arthropod-bome viruses

HIY
Acute Encephalitis
Common Less Common
Herpesviruses Rabies
Herpes simplex virus ) Eastern equine encephalitis virus
Vaticella zoster virus Westem equine encephalitis virus
Epstein-Barr virus Powassan virus
Arthropod-borne viruses Cytomegalovirus?
La Crosse virds Enteroviruses®
West Nile virus Colorado tick fover
St Louis encephalitis virus Mumps

Ammunocompromised host,

EnoLo6Y

Using a variety of diagnostic techniques, including CSF PCR, culture,
and serology, a specific viral cause can be found in 75-90% of cases of
viral meningitis. The most important agents are enteroviruses, HSV
type 2 (HSV-2), and arboviruses ! Table 376-43. CSF cultures are posi-
tive in 30-70% of patients, the frequency of isolation depending on
the specific viral agent. Approximately two-thirds of culture-negative
cases of aseptic meningitis have a specific viral etiology identified by
CSF PCR testing (see below).

EPIDEMIOLOGY

Viral meningitis is not a nationally reportable disease; however, it has
been estimated that the incidence is ~75,000 cases per year. In temperate
climates, there is a substantial increase in cases during the summer and
early fall months, reflecting the seasonal predominance of enterovirus
and arthropod-borne virus (arbovirus) infections, with a peak monthly
incidence of about 1 reported case per 100,000 population,

LABORATORY DIAGNOSIS

(SF Examination  The most important faboratory test in the diagnosis
of viral meningitis is examination of the CSE The typical profile is a
lymphocytic pleecytosis (25-500 cells/ptL), a normal or slightly elevated
protein concentration [(.2-0.8 g/L (2080 mg/dL}], a normal glucose
concentration, and a normal or mildly elevated opening pressure (100~
350 mmH,0). Organisms are #ot seen on Gram's or acid-fast stained
smears or India ink preparations of CSE Rarely, PMNs may predomi-
nate in the first 48 h of illness, especially with infections due to echovirus
9, eastern equine encephalitis {EEE) virus, or mumps. A pleocytosis of
polymorphonuclear neutrophils also accurs in 45% of patients with
West Nile virus { WNV} meningitis and can persist for a week or longer
hefore shifting to a lymphocvtic pleocytosis. Despite these exceptions,
the presence of a CSF PMN pleocytosis in a patient with suspected viral
meningitis should always prompt consideration of alternative diagnoses,
including bacterial menimgitis or parameningeal infections. The fotal
CSF cel! count in viral meningitis is typically 25-500/p1,, although cell
counts of several thousand/uL are occasionally seen, especially with in-
fections due wo lymphoceytic choriomeningitis virus (LCMV) and
mumps virus. The CSF glucase concentration is typically normal in vi-
ral infections, although it may be decreased in 10-30% of cases due to

ewakdwy pue ‘ssaxsqy uiesg ‘sipeydaoul ‘sibusay Y 1€ ¥I1dVH)

"~ TsYupd CORIE; 6T HTarked EnnflsIon, are TRGSTAl T Vit Werigs
and suggest the presence of encephalitis or other alternative diagnoses.
Similasly, serzuges or focal neurelogic signs or symptoms or neuroim-
aping abnormalities indicative of brain parenchymal involvement are
not typical of viral meningitis and suggest the presence of encephalitis
or another CNS infectious or inflammatory process,

TGTH OF TOMVY Rafe Tisasices of Qecregsed CSFplucose eoneemra ]
tion occur in cases of meningitis due to echoviruses and other eaterovi-
ruses, HSV-2, and varicella-zoster virus {VZV ). As a rule, a lymphocytic
pleveytosis with a low glucose concentration should suggest fungal or
tuberculous meningitis, Listeria meningoencephalitis, or noninfectious
disorders (e.g., sarcoid, neoplastic meningitis).
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A number of tests measuring levels of various CSF proteins, en-
zymes, and mediators—including C-reactive protein, lactic acid, lac-
tate dehydrogenase, neopterin, quinolinate, [1-if, 1L-6, soluble IL-2
receptor, By-microglobulin, and TNF--have been proposed as poten-
tial discriminaters between viral and bacterial meningitis or as mark-
ers of specific types of viral infection {e.g., infection with HIV), but
they remain of uncertain sensitivity and specificity and are not widely
used for diagnostic purposes.

Polymerase Chain Reaction Amplification of Viral Nudeic Add  Ampli-
fication of viral-specific IINA or RNA from CSF using PCR amplifica-
tion has become the single most important method for diagnosing
CNS viral infections. In both enteroviral and HSV infections of the
CNS, PCR has became the diagnostic procedure of choice and is sub-
stantially more sensitive than viral cultures, HSV PCR is also an im-
partant diagnostic test in patients with recurrent episodes of “aseptic”
meningitis, many of whom have ampiifiable HSV DNA in CSF despite
negative viral cuttures, CSF PCR is also used routinely to diagnose
CNS viral infections caused by cytomegalovirus (CMV), Epstein-Barr
virus {EBV}, VZV, and human herpesvirus 6 {HHV-6). CSF PCR tests
are available for WNV but are not as sensitive as CSF IgM. PCR is also
useful in the diagnosis of CNS infection caused by Mycoplasma preu-
moniae, which can mimic viral meningitis and encephalitis.

Viral Culture  The sensitivity of CSF cultures for the diagnosis of viral
meningitis and encephalitis, in contrast to its atility in bacterial infec-
tions, is generally poor. In addition to CSF, specific viruses may also be
isolated from throat swabs, stool, blood, and urine. Enteroviruses and
adenaviruses may be found in feces; arboviruses, some enteroviruses,
and LCMV in bloed; mumps and CMV in urine; and enteroviruses,
mumps, and adenoviruses in throat washings. During enteroviral in-
fections, viral shedding in stool may persist for several weeks. The
presence of enterovirus in stool is not diagnostic and may result from
residual shedding from a previous enteroviral infection; it also occurs
in some asymptomatic individuals during enteroviral epidemics.

Serologic Studies  For some viruses, including many arboviruses such
as WNV, serologic studies remain a crucial diagnostic tool. Serum an-
tibody determination is less useful for viruses with high seropreva-
lence rates in the general population such as HSV, VZV, CMV, and
EBYV, For viruses with Jow seroprevalence rates, diagnosis of acute viral
infection can he made by documenting seroconversion between acute-
phase and convalescent sera (typically obtained after 2-4 weeks) or by
demonstrating the presence of virus-specific IgM antibodies. Docu-
mentation of synthesis of virus-specific antibodies in CSF, as shown by
an increased IgG index or the presence of CSF IgM antibodies, is more
useful than serum serology alone and can provide presumptive evi-
dence of CNS infection. Although serum and CSF IgM antibodies gen-
erally persist for only a few months after acute infection, there are
exceptions to this rule. For example, WNV IgM has been shown 1o
persist in some patients for >1 year following acute infection, Unfor-
tunately, the delay between onset of infection and the host’s generation
of a virus-specific antibody response often means that serologic data
are useful mainly for the retrospective establishment of a specific diag-
nosis, rather than in aiding acute diagnosis or management.

CSF oligoclonal gamma globulin bands occur in association with
a number of viral infections. The associated antibodies are often di-
rected against viral proteins. Oligocional bands occur commonly in
certain noainfectious neurologic diseases (e.g., multiple sclerosis)
and may be found in nonviral infections (e.g., neurosyphilis, Lyme
neurohorreliosis).

tients with altered consciousness, seizures, focal neurologic signs or
symptoms, or atypical CSF profiies.

DIFFERENTIAL DIAGNOSIS

The most important issue in the differential diagnosis of viral menin-
gitis is to consider diseases that can mimic viral meningitis, including
{1} untreated or partially treated bacterial meningitis; (2) early stages
of meningitis caused by fungi, mycobacteria, or Trepanema pailidum
{neurosyphilis}, in which a lymphocytic pleocytosis is commoen, cul-
tures may be slow growing or negative, and hypoglycorrhachia may not
be present early; (3) meningitis caused by agents such as Mycoplasma,
Listeria spp., Brucella spp., Coxiella spp., Leptospira spp., and Rickert-
st spp.; (4) parameningeal infections; (5) neoplastic meningitis; and
{6} meningitis secondary 1o noninfectious inflammatory diseases, in-
cluding hypersensitivity meningitis, SLE and other rheumnatologic diseas-
es, sarcoidosis, Behget's syndrome, und the uveomeningitic syndromes.

SPECIFIC VIRAL ETIOLOGIES

Enteroviruses (Chap. 184} are the most common cause of viral meningi-
tis, accounting for >75% of cases in which a specific etiology can be
identified. CSF reverse transcriptase PCR (RT-PCR) is the diagnostic
procedure of choice and is both sensitive {95%) and specific (>100%),
Enteroviruses are the most likely cause of viral meningitis in the sum-
mer months, especially in children (<15 years), although cases occur at
reduced frequency year round. Although the incidence of enteroviral
meningitis declines with increasing age, some outbreaks have preferen-
ttaHly affected older children and adults. Meningitis outside the neona-
tal period is usually benign. Patients present with sudden onset of fever;
headache; nuchal rigidity; and often constitutional signs, including
vomiting, anorexia, diarrhea, cough, pharyngitis, and myalgias. The
physical examination should include a careful search for stigmata of en-
terovirus infection, including exanthemata, hand-foot-mouth discase,
herpangina, pleurodynia, myopericarditis, and hemorthagic conjune-
tivitis, The CSF profile is typically a ymphocytic pleocytosis (100~1000
cells/ul} with normal glucose and normal or mildly elevated protein
concentration. In rare cases, PMNs may predominate during the first
48 h of illness. Treatment is supportive, and patients usuaily recover
without sequelae, Chronic and severe infections can occur in necnates
and in individuals with hypo- or agammaglobulinemia.

Arbovirus infections (Chap. 189) occur predominantly in the sum-
mer and eatly fall. Arboviral meningitis should be considered when
clusters of meningitis and encephalitis cases occur in a restricted geo-
graphic region during the summer or early fall, In WNV epidemics,
avian deaths may serve as sentine] infections for subsequent human
disease. A history of tick exposure or travel or residence in the appro-
priate geographic area should suggest the passibility of Colorado tick
fever virus or Powassan virus infection, aithough nonviral tick-borne
diseases, including RMSF and Lyme neurcborreliosis, may present
similarly. Arbovirus meningoencephalitis is typically associated with a
CSF lymphocytic pleacytosis, normal glucose concentration, and nor-
mal or mildly elevated protein concentration. However, 40-45% of pa-
tients with WNV meningoencephalitis have CSF neutrophilia, which
can persist tor a week or more. The rarity of hypoglycorrhachia in
WNV infection as well as the absence of positive Gram's stains and the
negative caltures helps distinguish these patients from those with bac-
terial meningitis. The presence of mcreased numbers of plasmacytoid
cells or Mollaret-like large mononuclear cells int the CSF may be a clue
to the diagnosis of WNV infection. Definitive diagnosis of arboviral
meningoencephalitis is based on demonstration of viral-specific IgM
in CSF or seroconversion. CSF PCR tests are available for some viruses
in selected diagnostic laboratories and at the Centers for Disease Con-
trol and Prevention (CDC), but in the case of WNV, sensitivity

“Alpatients with suspected-virabymeningitis— =709 6P CSEPCR is Tess than Har ¥ TSF sérotegy. T T

should have a complete blood count and differential, liver and renal
function tests, erythrocyte sedimentation rate (ESR) and C-reactive
protein, electrolytes, glucose, creatine kinase, aldolase, amylase, and
lipase. Neuroimaging studies {MRI, CT) are not necessary in patients
with uncomplicated viral meningitis but should be performed in pa-

HSV-2 meningitis (Chap. 172} occurs in: ~25% of women and 11% of
men ai the time of an intial (primary) episode of genital herpes. Of
these patients, 20% go on to have recurrent attacks of meningitis. HSV-2
has been increasingly recognized as a major cause of viral meningitis in
adults, and overall it is probably second in importance to enteroviruses




