CLINICAL PRESENTATION
Meningitis can present as either an acute fulminant illness that progresses rapidly in a few hours or as a subacute infection that progressively worsens over several days. The classic clinical triad of meningitis
is fever, headache, and nuchal rigidity, but the classic triad may not be
present. A decreased level of consciousness occurs in >75% of patients
and can vary from lethargy to coma. Fever and either headache, stiff
neck, or an altered level of consciousness will be present in nearly every
patient with bacterial meningitis. Nausea, vomiting, and photophobia
are also common complaints.
Seizures occur as part of the initial presentation of bacterial meningitis or during the course of the illness in 20–40% of patients. Focal
seizures are usually due to focal arterial ischemia or infarction, cortical venous thrombosis with hemorrhage, or focal edema. Generalized
seizure activity and status epilepticus may be due to hyponatremia,
cerebral anoxia, or, less commonly, the toxic effects of antimicrobial
agents.
Raised ICP is an expected complication of bacterial meningitis and
the major cause of obtundation and coma in this disease. More than
90% of patients will have a CSF opening pressure >180 mmH2O, and
20% have opening pressures >400 mmH2O. Signs of increased ICP
include a deteriorating or reduced level of consciousness, papilledema,
dilated poorly reactive pupils, sixth nerve palsies, decerebrate posturing, and the Cushing reflex (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 reported to occur in as few as 1% to as many
as 8% of cases.
Specific clinical features may provide clues to the diagnosis of individual 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
lesions of meningococcemia rapidly become petechial. Petechiae are
found on the trunk and lower extremities, in the mucous membranes
and conjunctiva, and occasionally on the palms and soles.
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When bacterial meningitis is suspected, blood cultures should be
immediately obtained and empirical antimicrobial and adjunctive
dexamethasone therapy initiated without delay (Table 164-1). The
diagnosis of bacterial meningitis is made by examination of the CSF
(Table 164-2). The need to obtain neuroimaging studies (CT or MRI)
prior to LP requires clinical judgment. In an immunocompetent
patient with no known history of recent head trauma, a normal level
of consciousness, and no evidence of papilledema or focal neurologic
deficits, it is considered safe to perform LP without prior neuroimaging studies. If LP is delayed in order to obtain neuroimaging studies,
empirical antibiotic therapy should be initiated after blood cultures
are obtained. Antibiotic therapy initiated a few hours prior to LP will
not significantly alter the CSF WBC count or glucose concentration,
nor is it likely to prevent visualization of organisms by Gram’s stain
or detection of bacterial nucleic acid by polymerase chain reaction
(PCR) assay.
The classic CSF abnormalities in bacterial meningitis (Table 164-2)
are (1) polymorphonuclear (PMN) leukocytosis (>100 cells/μL in 90%),
(2) decreased glucose concentration (<2.2 mmol/L [<40 mg/dL] and/
or CSF/serum glucose ratio of <0.4 in ~60%), (3) increased protein
concentration (>0.45 g/L [>45 mg/dL] in 90%), and (4) increased
opening pressure (>180 mmH2O in 90%). CSF bacterial cultures are
positive in >80% of patients, and CSF Gram’s stain demonstrates
organisms in >60%.
CSF glucose concentrations <2.2 mmol/L (<40 mg/dL) are abnormal,
and a CSF glucose concentration of zero can be seen in bacterial meningitis. Use of the CSF/serum glucose ratio corrects for hyperglycemia
TABLE 164-1 A ntibiotics Used in Empirical Therapy of Bacterial
Meningitis and Focal Central Nervous System
Infectionsa
Indication
Preterm infants to infants
<1 month
Infants 1–3 months
Immunocompetent
children >3 months and
adults <55
Adults >55 and adults of
any age with alcoholism
or other debilitating
illnesses
Hospital-acquired
meningitis, posttraumatic
or postneurosurgery
meningitis, neutropenic
patients, or patients with
impaired cell-mediated
immunity

Antibiotic
Ampicillin + cefotaxime
Ampicillin + cefotaxime or ceftriaxone
Cefotaxime, ceftriaxone, or cefepime +
vancomycin
Ampicillin + cefotaxime, ceftriaxone or
cefepime + vancomycin

Ampicillin + ceftazidime or meropenem +
vancomycin

Total Daily Dose and Dosing Interval
Antimicrobial Agent
Ampicillin
Cefepime
Cefotaxime
Ceftriaxone
Ceftazidime
Gentamicin
Meropenem
Metronidazole
Nafcillin
Penicillin G
Vancomycin

Child (>1 month)
300 (mg/kg)/d, q6h
150 (mg/kg)/d, q8h
225-300 (mg/kg)/d, q6h
100 (mg/kg)/d, q12h
150 (mg/kg)/d, q8h
7.5 (mg/kg)/d, q8hb
120 (mg/kg)/d, q8h
30 (mg/kg)/d, q6h
100–200 (mg/kg)/d, q6h
400,000 (U/kg)/d, q4h
45-60 (mg/kg)/d, q6h

Adult
12 g/d, q4h
6 g/d, q8h
12 g/d, q4h
4 g/d, q12h
6 g/d, q8h
7.5 (mg/kg)/d, q8h
6 g/d, q8h
1500–2000 mg/d, q6h
9–12 g/d, q4h
20–24 million U/d, q4h
45-60 (mg/kg)d,
q6–12hb
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IL-1β act synergistically to increase the permeability of the blood-brain
barrier, resulting in induction of vasogenic edema and the leakage of
serum proteins into the subarachnoid space (Fig. 164-2). The subarachnoid exudate of proteinaceous material and leukocytes obstructs
the flow of CSF through the ventricular system and diminishes the
resorptive capacity of the arachnoid granulations in the dural sinuses,
leading to obstructive and communicating hydrocephalus and concomitant interstitial edema.
Inflammatory cytokines upregulate the expression of selectins on
cerebral capillary endothelial cells and leukocytes, promoting leukocyte
adherence to vascular endothelial cells and subsequent migration into the
CSF. The adherence of leukocytes to capillary endothelial cells increases
the permeability of blood vessels, allowing for the leakage of plasma proteins into the CSF, which adds to the inflammatory exudate. Neutrophil
degranulation results in the release of toxic metabolites that contribute
to cytotoxic edema, cell injury, and death. Contrary to previous beliefs,
CSF leukocytes probably do little to contribute to the clearance of CSF
bacterial infection.
During the very early stages of meningitis, there is an increase in
cerebral blood flow, soon followed by a decrease in cerebral blood flow
and a loss of cerebrovascular autoregulation (Chap. 330). 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
wall by inflammatory cells with intimal thickening (vasculitis) also occur
and may result in ischemia and infarction, obstruction of branches of the
middle cerebral artery by thrombosis, thrombosis of the major cerebral
venous sinuses, and thrombophlebitis of the cerebral cortical veins. The
combination of interstitial, vasogenic, and cytotoxic edema leads to
raised ICP and coma. Cerebral herniation usually results from the effects
of cerebral edema, either focal or generalized; hydrocephalus and dural
sinus or cortical vein thrombosis may also play a role.

All antibiotics are administered intravenously; doses indicated assume normal renal and
hepatic function. bDoses should be adjusted based on serum peak and trough levels:
gentamicin therapeutic level: peak: 5–8 μg/mL; trough: <2 μg/mL; vancomycin
therapeutic level: peak: 25–40 μg/mL; trough: 5–15 μg/mL.
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