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Figure 165-1 Primary central nervous system lymphoma. A
24-year-old man, immunosuppressed due to intestinal lymphangiectasia, developed multiple cranial neuropathies. CSF findings consisted
of 100 lymphocytes/μL and a protein of 2.5 g/L (250 mg/dL); cytology
and cultures were negative. Gadolinium-enhanced T1 MRI revealed
diffuse, multifocal meningeal enhancement surrounding the brainstem (A), spinal cord, and cauda equina (B).

PART 8
Infectious Diseases

for fastidious bacteria and fungi, assays for cryptococcal antigen
and oligoclonal immunoglobulin bands, and cytology should be
performed. Other specific CSF tests (Tables 165-2 and 165-3) or
blood tests and cultures should be ordered as indicated on the basis
of the history, physical examination, or preliminary CSF results (i.e.,
eosinophilic, mononuclear, or polymorphonuclear meningitis).
Rapid diagnosis may be facilitated by serologic tests and polymerase
chain reaction (PCR) testing to identify DNA sequences in the CSF
that are specific for the suspected pathogen. In patients with suspected fungal infections, when other tests are negative, assays for
beta-glucans may be a useful adjunct in establishing the diagnosis.
In most categories of chronic (not recurrent) meningitis, mononuclear cells predominate in the CSF. When neutrophils predominate after 3 weeks of illness, the principal etiologic considerations are
Nocardia asteroides, Actinomyces israelii, Brucella, Mycobacterium
tuberculosis (5–10% of early cases only), various fungi (Blastomyces
dermatitidis, Candida albicans, Histoplasma capsulatum, Aspergillus
spp., Pseudallescheria boydii, Cladophialophora bantiana), and noninfectious causes (SLE, exogenous chemical meningitis). When
eosinophils predominate or are present in limited numbers in a primarily mononuclear cell response in the CSF, the differential diagnosis includes parasitic diseases (A. cantonensis, G. spinigerum, B.
procyonis, or Toxocara canis infection, cysticercosis, schistosomiasis,
echinococcal disease, T. gondii infection), fungal infections (6–20%
eosinophils along with a predominantly lymphocyte pleocytosis,
particularly with coccidioidal meningitis), neoplastic disease (lymphoma, leukemia, metastatic carcinoma), or other inflammatory
processes (sarcoidosis, hypereosinophilic syndrome).
It is often necessary to broaden the number of diagnostic tests if the
initial workup does not reveal the cause. In addition, repeated samples
of large volumes of CSF may be required to diagnose certain infectious and malignant causes of chronic meningitis. Flow cytometry for
malignant cells may be useful in patients with suspected carcinomatous meningitis. Lymphomatous or carcinomatous meningitis may be
diagnosed by examination of sections cut from a cell block formed by
spinning down the sediment from a large volume of CSF. The diagnosis of fungal meningitis may require large volumes of CSF for culture
of sediment. If standard lumbar puncture is unrewarding, a cervical
cisternal tap to sample CSF near to the basal meninges may be fruitful.
LABORATORY INVESTIGATION
In addition to the CSF examination, an attempt should be made to
uncover pertinent underlying illnesses. Tuberculin skin test, chest
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radiograph, urine analysis and culture, blood count and differential,
renal and liver function tests, alkaline phosphatase, sedimentation
rate, antinuclear antibody, anti-Ro antibody, anti-La antibody, and
serum angiotensin-converting enzyme level are often indicated. In
some cases, a thorough search for a systemic site of infection is indicated. Pulmonary foci of infection may be present, particularly with
fungal or tuberculous disease. Hence a CT or MRI of the chest and a
sputum examination may be helpful. Abnormalities can be pursued
by bronchoscopy or transthoracic needle biopsy. A tuberculin skin
test is often placed, although the test has limited specificity and
sensitivity for diagnosis of active disease. Liver or bone marrow
biopsy may be diagnostic in some cases of miliary tuberculosis, disseminated fungal infection, sarcoidosis, or metastatic malignancy.
Positron emission tomography with fluorodeoxyglucose may be
useful in identifying a systemic site for biopsy in patients with suspected carcinomatous meningitis or sarcoidosis when other tests
are unrevealing. Genetic testing can identify mutations that cause
rare monogenic autoinflammatory disorders.
MENINGEAL BIOPSY
If CSF is not diagnostic then a meningeal biopsy should be strongly
considered in patients who are severely disabled, who need chronic
ventricular decompression, or whose illness is progressing rapidly.
The activities of the surgeon, pathologist, microbiologist, and
cytologist should be coordinated so that a large enough sample is
obtained and the appropriate cultures and histologic and molecular
studies, including electron-microscopic and PCR studies, are performed. The diagnostic yield of meningeal biopsy can be increased
by targeting regions that enhance with contrast on MRI or CT. With
current microsurgical techniques, most areas of the basal meninges
can be accessed for biopsy via a limited craniotomy. In a series
from the Mayo Clinic reported by TM Cheng et al. (Neurosurgery
34:590, 1994), MRI demonstrated meningeal enhancement in 47%
of patients undergoing meningeal biopsy. Biopsy of an enhancing
region was diagnostic in 80% of cases; biopsy of nonenhancing
regions was diagnostic in only 9%; sarcoid (31%) and metastatic
adenocarcinoma (25%) were the most common conditions identified. Tuberculosis is the most common condition identified in many
reports from outside the United States.
APPROACH TO THE ENIGMATIC CASE
In approximately one-third of cases, the diagnosis is not known
despite careful evaluation of CSF and potential extraneural sites of
disease. A number of the organisms that cause chronic meningitis
may take weeks to be identified by cultures. In enigmatic cases,
several options are available, determined by the extent of the clinical
deficits and rate of progression. It is prudent to wait until cultures
are finalized if the patient is asymptomatic or symptoms are mild
and not progressive. Unfortunately, in many cases progressive
neurologic deterioration occurs, and rapid treatment is required.
Ventricular-peritoneal shunts may be placed to relieve hydrocephalus, but the risk of disseminating the undiagnosed inflammatory
process into the abdomen must be considered.
Empirical Treatment Diagnosis of the causative agent is essential
because effective therapies exist for many etiologies of chronic
meningitis, but if the condition is left untreated, progressive damage to the CNS and cranial nerves and roots is likely to occur.
Occasionally, empirical therapy must be initiated when all attempts
at diagnosis fail. In general, empirical therapy in the United States
consists of antimycobacterial agents, amphotericin for fungal infection, or glucocorticoids for noninfectious inflammatory causes. It
is important to direct empirical therapy of lymphocytic meningitis
at tuberculosis, particularly if the condition is associated with low
CSF glucose and sixth and other CN palsies, since untreated disease
can be devastating within weeks. Patients on prolonged anti–tumor
necrosis factor therapy who develop chronic meningitis also should
be treated empirically with antituberculous therapy if the etiology
is uncertain. In the Mayo Clinic series, the most useful empirical
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