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Editorials

The management of tuberculous meningitis

Tuberculous meningitis is a life threatening form of
tuberculosis and the most common form of central nervous
system tuberculosis. The condition is a serious cause of
morbidity and mortality in developing nations, but is rare

in technically advanced countries. This probably reflects
the global epidemiology of tuberculosis, for out of an

estimated 8 million new cases annually 7-6 million (95%)
occur in the third world.' In England and Wales in 1983 the
rate of tuberculous meningitis for white patients was 0 1/
100 000, yet was 40 times higher (a rate of 4/100 000) in
patients of Indian subcontinent ethnic origin.2 The total
number of cases notified in England and Wales has
remained below 100 since 1982; there were 81 notifications
in 1990 (JM Watson and K Fern, personal communica-
tion), predominantly in adults.

Tuberculosis has emerged as an important clinical
problem in patients with AIDS and its related complex,34
and extrapulmonary disease is particularly common. Cen-
tral nervous system tuberculosis is an important manifesta-
tion. In one review of420 patients in the United States with
AIDS or the AIDS related complex 52 developed tuber-
culosis, 10 having the central nervous system affected, a

rate ofmore than 2000 per 100 000.5 In a population ofHIV
infected patients reported from Europe Mycobacterium
tuberculosis was the most common cause of meningitis, with
a frequency higher than that of Cryptococcus or other
organisms.6 Clearly, patients with AIDS or the AIDS
related complex have a substantially increased risk of
developing tuberculosis of the central nervous system, and
hence a review of appropriate management is timely.
The clinical importance of tuberculous meningitis is

disproportionate to its rarity. Patients may spend months
in hospital and there is an appreciable risk of irreversible
neurological damage, including paralysis, mental retarda-
tion, epilepsy, and involuntary movements. Some may
require institutional care. Hence the prompt recognition
and treatment of tuberculous meningitis are important
clinical considerations.
Whereas treatment of pulmonary tuberculosis is based

on numerous extensive and well conducted controlled
clinical trials,78 no substantial comparative studies have
ever been conducted in tuberculous meningitis. Treatment
is largely empirical; larger dosages of antituberculosis
agents are often prescribed in the hope of overcoming the
blood-brain barrier; and the optimum duration of treat-
ment is unknown. Although this is unsatisfactory,
appropriate guidelines for treatment can be suggested on

the basis of relatively recent evidence on the penetration of
antituberculosis drugs in the cerebrospinal fluid. The
management of a patient with tuberculous meningitis
includes properly supervised antituberculosis chemoth-
erapy, judicious use of corticosteroids, and careful
surveillance of clinical progress. Computed tomography
and neurosurgical consultation are also important features
of management.

Factors influencing prognosis
Tuberculous meningitis was first described as a separate
entity in 1836 by Dr P H Green, while working at the
H6pital des Enfants Malades in Paris.9 10 Green correlated
clinical findings with meticulous pathological observations
to define the illness; he associated granulations and tuber-
cular infiltration of the pia with the occurrence of hydro-
cephalus and drew an analogy with tuberculous peritonitis:
"Tubercular peritonitis has long been admitted into the
science. The time, we believe, is not far off, when the term
'tubercular meningitis' will assume a rank by its side." The
condition was recognised as being invariably fatal and the
prognosis remained unchanged for more than 100 years
after Green's publication. The discovery of streptomycin
and the studies of the Medical Research Council, which
started in 1946, showed that streptomycin could prolong
life and, at least temporarily, restore health in some patients
with tuberculous meningitis." Important features emer-
ged. It was evident that in children under three years of age
and in those with advanced disease the prognosis was
substantially worse. In those with early disease, with no
neurological deficit (stage 1), the mortality was 46%,
compared with 86% in those in coma (stage 3). For those
patients with neurological deficit but not in coma (stage 2)
the mortality was 66%. Prognosis was improved by
intrathecal administration of streptomycin in addition to
intramuscular treatment. Despite the high mortality in
patients with advanced disease, the advent of streptomycin
was clearly "an outstanding advance.""
The introduction of isoniazid further improved prog-

nosis, reducing the mortality in one series from 75% with
streptomycin alone to 30% with streptomycin plus ison-
iazid. 12 Althougyh stretptomvcin plus isoniazid dramatically
improved pro nosis, the influence of rifampicin and
pyrazinamide on prognosis is less clear. In India the
addition of pyrazinamide and rifampicin to streptomycin
plus isoniazid did not appear to improve the outcome of
treatment.'3 14 Thus the clinical stage at the start of
treatment appeared more important than choice of regimen
in determining survival.
The outcome in 199 children treated in Hong Kong

between 1961 and 1984 was reviewed to examine potential
prognostic factors; rifampicin had been introduced in 1970
and pyrazinamide in 1975.'5 Of those presenting in stage 1,
96% made a complete recovery, whereas the proportion
with complete recovery declined to 78% in stage 2 and 21%
in stage 3 (table 1). A multivariate analysis of patients'
characteristics and chemotherapy regimens showed that
only two statistically significant independent variables
predicted prognosis-namely, stage at presentation
(p < 0-001) and a e e at
presentation andcj7ounger age were associated with a poor
progno e with mle
being more likely to have a favourable outcome. Tie
introduction of rifampicin and pyrazinamide appeared not
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Table I Outcome by stage of disease at presentation

No (n%) ofpatients with

Functional disability No (G%)
Complete who

Stage Total recovery Mild Moderate Severe died

Early (1) 49 47 (96) 1 (2) 1 (2)
Intermediate (2) 78 61 (78) 7 (9) 6 (8) 3 (4) 1 (1)
Late (3) 72 15 (21) 4 (5) 18 (25) 23 (32) 12 (17)

Total 199 123 (62) 12 (6) 25 (13) 26 (13) 13 (6)

to have influenced the treatment outcome. These unexpec-

ted findings might be partially explained by recent data
available from pharmacokinetic studies on cerebrospinal
fluid.

Infection with HIV does not appear to alter the clinical
manifestations or the prognosis of tuberculous meningitis,
except that patients with CD4 counts below 0-2 x 109/l
have a significantly reduced survival.6

Medical treatment
Successful treatment of tuberculous meningitis will
depend to a great degree on the concentrations in the
cerebrospinal fluid achieved by antituberculosis drugs.
Information on the penetration of antituberculosis drugs
into the cerebrospinal fluid was limited, however, until
relatively recently. Earlier studies were often conducted on

small numbers of patients, often with insensitive or un-

specific methods (Ellard et al, in preparation).
Experimental studies indicated that meningeal per-

meability is increaseJ3y low protein binding, small
molecular weight, non-ionisation ot a drug, and high lipid
solubility of the unionised moiety. "f'' High lipid solubility,
however, though aiding passage through the blood-brain
barrier, often results in high protein binding'9 and con-
sequently poorer penetration into the cerebrospinal fluid.
But pathological changes such as meningitis may disrupt

the normal integrity of the blood-brain barrier (clefts may
appear between adjacent endothelial cells) and allow
greater penetration into the cerebrospinal fluid.202'
The first streptomycin studies22 found negligible pen-

etration of drugs into the cerebrospinal fluid unless the
meninges were inflamed. Even then large parenteral
dosages achieved cerebrospinal fluid concentrations only
20% of the simultaneous serum concentrations. In the
Medical Research Council studies of streptomycin in
tuberculous meningitis" cerebrospinal fluid concentra-

tions of streptomycin varied according to the severity of the
disease. The concentrations were at first appreciable, but
declined significantly when the patient started to improve
and the integrity of the blood-brain barrier was restored.
Much higher concentrations of streptomycin could, how-
ever, be achieved in the cerebrospinal fluid if the drug was

given by intrathecal injection. Intrathecal treatment has
now largely been abandoned since the introduction of
drugs with appreciable penetration into the cerebrospinal
fluid, and this practice has not adversely effected prog-

nosis. ' Recent studies in Chinese patients have shown that
daily doses of750mg streptomycin gave cerebrospinal fluid
levels only slightly in excess of the minimum inhibitory
concentration (MIC) for M tuberculosis23 (Ellard et al, in
preparation).
By contrast, isoniazid, which is non-protein bound,

rapidlypleo r

not the meninges are inflamed, to give concentrations more

than 30 times the MIC forM tuberculosis.2 26

The importance of rifampicin in the treatment of pul-
monary tuberculosis is well recognised.27 Its potential

contribution to the treatment of tuberculous meningitis is,
however, uncertain. Rifampicin is highly protein bound28
and only up to 20% (the non-protein bound fraction) is
availablet`p5~netrate into the cerebrospinal fluid. Peak
plasma e t a _bfd_ aou rs.29
Early reports indicated that rifampicin penetrates poorly
into the cerebrospinal fluid.3"33 Thus cerebrospinal fluid
concentrations range from only 2% to 10% of the con-
comitant plasma concentration at 4 hours.34 The cerebro-
spinal fluid:serum ratios of rifampicin have since been
shown to increase with time from 0 03 at 2 hours to 0-05 at
5-6 hours and 0 10 at 8 hours in 12 Chinese patients with
tuberculous meningitis.35 Concentrations of rifampicin in
the cerebrospinal fluid were only marginally above the
MIC, findings that have since been confirmed in other
studies36 (Ellard et al, in preparation). Further, two hour
rifampicin concentrations showed a positive correlation
with protein and a negative correlation with glucose in the
cerebrospinal fluid and at 5 hours rifampicin concentra-
tions correlated with high cerebrospinal fluid white cell
count, suggesting that the penetration of rifampicin into
the cerebrospinal fluid may be related to the degree of
meningeal inflammation.35
The relatively low concentrations of rifampicin in the

cerebrospinal fluid are likely to be similar to the concentra-
tions found in cavity walls in pulmonary tuberculosis, a
condition where the contribution of rifampicin has been
shown to be critical for the success of short course
regimens. Although the contribution of rifampicin is
unproved, possibly rifampicin is almost as active in tuber-
culous meningitis as in pulmonary tuberculosis.

Pyrazinamide has a sterilising effect on tubercle bacilli in
an acid environment, and its incorporation in short course
chemotherapy for pulmonary tuberculosis has significantly
reduced relapse rates.2737 Oral doses of the drug are rapidly
absorbed and peak serum concentrations are achieved
within two hours, being proportional to the dose given.38 It
penetrates readily into the cerebrospinal fluid. Although
evidence for this conclusion was for many years based on
studies in a single patient,32 recently those results have been
confirmed by several extensive studies. Thus a large study
of 28 Chinese patients with tuberculous meningitis39 found
cerebrospinal fluid:serum ratios of pyrazinamide of 0 74,
1-15, and 1 09 at 2, 5, and 8 hours respectively after oral
dosages of 34-41 mg/kg. This excellent penetration was not
influenced by the stage of disease, the presence or absence
of active disease, the concomitant use of steroids, the
duration of antituberculosis treatment, administration of
either ethambutol or streptomycin, or the age or sex of the
patient. These findings have been confirmed in reports
from South Africa40 and Thailand.364' These concentra-
tions were above those required for the inhibition of growth
ofM tuberculosis.4243
The excellpt cerebrospinal fluid-penetration of pyrazin-

amide and its unique sterilising activity indicate the
potential contribution prinmidbi1othe.. tLatinerit of
tuberculous meningitis. Indeed, the Joint Tuberculosis
Committee of the British Thoracic Society recommended
that treatment regimens for tuberculous meningitis should
include at leasttwohmonthso-f yrazinamide At
early studies provided evidnf t ical benefit of
pyrazinamide,' later studies have not confirmed these
findings.'415
Ethambutol probably penetrates poorly into the

cerebrospinal fluid except when the meninges are
inflamed.4546 In healthy adults doses of 50 mg/kg (twice the
normal daily dose) did not produce measurable cerebro-
spinal fluid concentrations, although in patients with
tuberculous meningitis significant concentrations could be
detected three to four hours after an oral dose of 18 6-25
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mg/kg.47 These studies, however, used imprecise or un-

specific methods (Ellard et al, in preparation) and so the
accuracy of the data is questionable. Cerebrospinal fluid
studies using the specific and sensitive gas-liquid
chromatographic method of Lee et al4849 have yet to be
conducted.
There is good evidence that ethionamide crosses both

healthy and inflamed meninges. After an oral dose the
cerebrospinal fluid concentration of ethionamide rises to a

peak at three hours (the serum peak is at one hour), and
thereafter the cerebrospinal fluid and serum concentrations
are similar. The peak cerebrospinal fluid concentrations of
10-2-6 ig/ml following a dose of 250 mg are comparable to
concentrations achieved in the serum.50 Higher doses (20
mg/kg) have been given to children to obtain cerebrospinal
fluid concentrations consistently above the MIC for M
tuberculosis.5'

Role of corticosteroids
The role of corticosteroids in tuberculous meningitis has
been a source of debate and controversy over the years,

having both enthusiastic proponents'2 52 and opponents.5354
In theory, corticosteroids suppress the inflammatory res-

ponse in tuberculous meningitis, reduce cerebral oedema,
and inhibit the formation-oT-tibrous tissue, preventing
complicat-ionm sucha ev ase,hdoehls ad
spinalrblocc.HydruLurlisone and cortisone have been

shown-xpimentally to inhibit the growth offibroblasts in
experimentally induced arachnoid lesions, hydrocortisone
being particularly effective.52 Editorial comments,
however, have ranged from "There is no place for the
routine use of cortisone or its analogues in tuberculous
meningitis"53 to "Corticosteroids should be given to all
patients with tuberculous meningitis." 55 Others have
indicated that their use should be reserved for special
circumstances, such as cerebral oedema or spinal
block.525356 Intrathecal hydrocortisone is effective in
preventing total spinal block in the presence of threatened
or early spinal block.52
Whereas an informative comparative study has been

carried out in tuberculous pericarditis, where the indica-
tions for corticosteroids are now clear,57 definitive prospec-
tive randomised studies have yet to be undertaken in
tuberculous meningitis. Reduction of mortality by cor-

ticosteroids in the acute phase has, however, been repor-

ted,'2 even though evidence for such benefit was often
based on small numbers of patients.5"I1

In a comprehensive review of published reports up to
1966 Horne62 concluded that there was sufficient evidence
to recommend their use in patients in clinical stage 3, but
no evidence of benefit in stage 1. The evidence of benefit
was equivocal for those in stage 2, but on balance their use

in this group was recommended. A large study from
China,63 in which patients were allocated to receive or not
receive corticosteroids, provided some evidence to support
this view (table 2). There were no deaths in patients with
stage 1 disease in the treated or control groups. Steroids
reduced the mortality, however, in patients in stage 2 and 3.
There are no data on morbidity, and we do not know
whether the decrease in mortality was at the expense of
increased disability in the survivors. Furthermore, the
actual numbers in the two groups suggest that allocation of
patients to either group was not random. Nevertheless, in
the light of a review of the published data the addition of
corticosteroids to antituberculosis chemotherapy for
patients with stage 2 or 3 disease is recommended.

Neurosurgical surveillance and treatment
The most important complications of tuberculous menin-
gitis that require neurosurgical surveillance and possible

intervention are hydrocephalus, tuberculoma, and, rarely,
abscess formation fTen helpful
and early consultation is advisable. Computed tomography
is-valuable in both the diagnosis and the management of
'tuberculous meningitis.6~ixn early scan is advisable and
further examinations are performed as indicated by clinical
progress. Both hydrocephalus and tuberculoma may
develop after initial improvement, and clinical deteriora-
tion is an indication for a further scan.
The management ofhydrocephalus includes drainage by

ventriculoatrial67 or ventriculoperitoneal68 shunt. Hydro-
cephalus may be detected at presentation or may develop
subsequently, often presenting as a deterioration in con-
sciousness. Early drainage has been advised.6"70 Mortality
appears to be related to the severity of hydrocephalus.707'
In a study of 56 patients those who had the ventricles
drained fared significantly better than those who did not.72
Moderate or severe hydrocephalus complicating tuber-

culous meningitis is oLftn associated with raised intra-
cranial pressure. This is not always the case, hower;
ventriculomegaly tayalso be a sign o cral atrophy
secondy to-tuberculosis infection or may indicate a stable
condition of compensated hydrocephalus.73
Tuberculous meningitis may be complicated by tuber-

culoma formation, though tuberculoma may occur in the
absence of meningitis. The lesions are usually intra-
cerebral74 and only rarely meningeal.7576 They may appear
or enlarge after the start of adequate chemotherapy,77 80 or
may appear only transiently.8' In one patient an increase in
size of the tuberculoma occurred during the time when
corticosteroids were being reduced, with conversion of the
tuberculin response to strongly positive and development
of lymphocyte transformation in the presence of tuber-

euio or
enlargement has therefore been postulated to be an
immune reaction to mycobacterial cell wall components,
which can be experimentally reproduced in the animal
model.83 Surgical intervention, however, is rarely required.
In one series of 50 patients with intracranial tuberculoma
only three (6%) required surgical excision." Excision or
debulking may be required if a vital structure, such as the
optic pathway, is compromised.85 Clinical deterioration
after detection of a tuberculoma may indicate enlargement
of the lesion, development of cerebral oedema, or lique-
faction with abscess formation.86 Drainage of pus may
be required, particularly if large tuberculous abscesses
develop.87

Treatment recommendations
It is important to remember that neither these nor other
recommendations44 are based on evidence provided by
randomised controlled clinical trials. Further factors that
must also be considered in the treatment of individual
patients are age, renal or hepatic disease, and pregnancy.
Stwptomycin should be omitted in pregnancy and in those
wii1Trenal7 impairment, and the dosage reduced in the
elderly. Pyrazinamide should be avoided in hepatic disease,

Table 2 Tuberculous meningitis in Chinese adults: effect of treatment
with corticosteroids*

Steroids No steroids

No of No (') of No of No (') of
Stage patients deaths patients deaths

Early (1) 33 - 22
Intermediate (2) 206 10 (5) 61 7 (12)
Late (3) 100 30 (30) 23 14 (61)

Totals 339 40 (12) 106 21 (20)

*Adapted from Shaw et al."'
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and possibly rifampicin also.88 Current treatment regimens
in Hong Kong are based o it with isoniazid,
rifampicin, pyrazinamide, and streptomycin, because these
form the most potent steriiising combination when used for
the treatment of puimonary tuberlosiz. Four drugs are
given because_of the high level of isoniazid resistance in
Asia. In populations with little isoniazid resistance, such as
white patients in England and Wales, streptomycin can be
omitted. Isoniazid is usually prescribed in doses ofabout 10
mg/kg. Rifampicin (10 mg/kg) is given, though the con-
tribution of the relatively low cerebrospinal fluid concen-
trations is not clear. portant however, for
plmonary or milary dsease,_,which may occur simulta-
neously in up to half of the patients with tuberculous
meningitis.'5 Cerebrospinal fluid concentrations of
pyrazinamide have been reported in excess of its MIC for
M tuberculosis with= O(40 mg/kg doses3'9; 35 mg/kg would
be a suitable dose for both adults and children. If the
patient is comatose, drugs can be administered via a
nasogastric tube, preferably on a empty stomach. Strep-
tomycin (20 mg/kg), with a maximum dose of 1 g a day, is
given for the first two months of treatment, when the
meninges are inflamed and cerebrospinal fluid penetration
is maximal.
When there is reason to suspect that a patient is infected

with an isoniazid resistant strain, we also give ethionamide
in a daily dose of 15 mg/kg. Ethionamide penetrates into
the cerebrospinal fluid and forms part of routine therapy in
South Africa, where tuberculous meningitis is common
and clinicians have considerable experience in its use, in
preference to streptomycin.89
The optimum duration of treatment of tuberculous

meningitis is unknown. Longer treatment regimens are
likely to have lower relapse rates; the costs may be higher,
however, and the risks of toxicity or poor compliance are
greater.90 There may be social problems associated with
prolonged hospitalisation, in children as well as adults.
Some authors, however, would favour treatment that is
probably unnecessarily long rather than put the patient at
risk of relapse.56 Although durations of 18-24 months have
been advocated,9' there is limited evidence that six to 12
months may suffice.9294 In a study in Thai adults treated
with daily streptomycin, isoniazid, rifampicin, and
pyrazinamide for two months followed by daily isoniazid
and rifampicin for seven months there were no recurrences
in patients who completed treatment, though four patients
failed to complete treatment owing to poor compliance.92 In
Thai children treated for six months there were no relapses
after 12 months' follow up,93 and in India the outcome of
nine months' treatment was similar to that of longer
regimens.94
The duration of treatment is often related to the initial

severity of the illness, but there are no controlled clinical
trials to support this practice. The evidence that prognosis
is primarily related to clinical stage indicates that rapid
initiation of effective chemotherapy is extremely impor-
tant. A substantial proportion of cerebral damage may be
irreversible, so the rationale for longer treatment of severe
cases is questionable. In Hong Kong those in stages 1 and 2
are treated for 12 months, though nine months may be
adequate. Patients in stage 3 are treated for at least 12
months and often for 18 months; patients with intracranial
tuberculomas are treated for 18-24 months.

After the initial period in hospital daily supervised
treatment is continued on an outpatient basis if possible. In
contrast to studies on pulmonary tuberculosis, there are no
data on the efficacy ofthrice weekly regimens in meningitis.

Corticosteroids are prescribed routinely for patients in
stages 2 and 3. Dexamethasone is given in a dose of 0-2
mg/kg for one to three weeks initially, being tailed down to

0-1 mg/kg and continued for a total oftwo to three months,
depending on clinical progress.

Crucial to the successful management of tuberculous
meningitis are prompt diagnosis and commencement of
antituberculosis chemotherapy. Because of the protean
clinical presentations there is an ever present risk of
overlooking or delaying the diagnosis.95 As one experienced
author has said, "Delay through bewilderment or procras-
tination through uncertainty is dangerous and often leads
to a worse prognosis.""

MICHAEL HUMPHRIES
Roche Asian Research Foundation,
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