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Introduction

Tuberculosis is a worldwide problem. The largest
number of case occur in the South-East Asia Region,
which accounts for one-third of incident cases globally.
The highest number of estimated deaths is in the South
East Asia Region '. Due to the rapid spread of Human
Immunodeficiency Virus (HIV), development of drug
resistance organisms and immigration from high
prevalence countries, there has been an increase in the
number of new cases in recent years.

Tuberculous meningitis (TMB) was first described in
1836. It is a complex response by the central nervous
system when infected by Mycobacterium tuberculosis,
and includes cerebritis, abscess, tuberculoma and
meningitis. The bacilli reach the central nervous system
by haematogenous spread and then form small
tuberculous lesions known as Rich's foci in the

meninges, brain or spinal cord. The lesions can
become localized tuberculous lesions as in
tuberculoma or abscess, or may rupture and
contaminate the cerebrospinal fluid.

Tuberculous meningitis may lead to a high, up to
69.9%, mortality rate 2. However it responds well to
chemotherapy if the treatment is started early.
Neuroimaging is an important initial investigation in
tuberculous meningitis.

Materials and Methods

This study was carried out at the Diagnostic Imaging
Department and Neurology Department, Kuala Lumpur
Hospital. The study population included all
tuberculous meningitis patients above the age of 12
diagnosed from January 1995 to December 2001 who
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underwent neuroimaging. All patients underwent
contrasted CT scan of the brain. The diagnosis of
tuberculous meningitis was based on clinical criteria,
cerebrospinal fluid analysis and a response to
antituberculous treatment'. Relevant information was
obtained from patients' medical case notes and
tabulated. Neuroimaging features were evaluated by
the radiologists. The features include meningeal
enhancement, hydrocephalus, infarction, enhancing
lesions, presumed abscess, cerebral oedema and
calcification.

Results

This study comprised of 42 subjects of which 31
C73.8%) were male and 11 (26.2%) were female. The
entire three major ethnic groups and the immigrants in
Malaysia were represented in this study. As seen on
Figure 1, more than half of the cases (n = 23, 54.76%)
involved the Malays, followed by Indonesians (n = 7,
16.67%), Chinese (n = 6, 14.29%) and Indians (n = 2,
4.76%). The rest were categorised under 'others'. This
group were each represented by a Burmese, Siamese,
Bangladeshi and Nepalese. They represented 9.52% (n
= 4) of the study population.

The patients' age ranged from 18 to 62 years with the
mean age of 34.4 years. Separately, the mean age for
the males and females were 33.87 (SD ± 11.1 years) and
35.91 (SD ± 9.63 years) respectively. The majority of
the patients (42.9%) were in the age group of 30-39.9
years old and 26.2% were in the 20-29.9 age group.
11.9% were in the 40-49.9age group and 7.1% in the 50
59.9 age group.

On admission, only 2 (4.8%) patients had normal
findings on CT scan. The other 95.2% (n = 40)
presented with various types of neuroimaging features.
These include at least one of the following: meningeal
enhancement, hydrocephalus, infarction, cerebral
oedema, enhancing lesion and abscess.

Sixty-two percent (n = 26) of TBM patients in this study
presented'with hydrocephalus of variable type. Majority
of the patients (n = 19) had obstructive hydrocephalus
representing 73.1% of those who have hydrocephalus.
Another 7 (26.9%) manifested with communicating
hydrocephalus.

An equal number of patients (n = 21) presented with
and without meningeal enhancement. From the 21
patients, 13 (61.9%) manifested with enhancement of
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the basal cisterns and 42.9% had enhancement of the
tentorium. None of the patients had cerebellar
enhancement. Another 10 (47.6%) patients with
meningeal enhancement had involvement of other sites
e.g. parietal lobe, temporal lobe, occipital lobe or
Sylvian fissure. A number of patients had involvement
of multiple sites. Overall, basal cistern enhancement,
tentorium enhancement and enhancement of other
sites represented 30.95%, 21.43% and 23.81% of all the
study subjects.

Infarction was seen in 28.6% (n = 12) of the patients.
The size of infarction ranged from 0.5 to 4cm. Most of
the patients C75%, n = 9) presented with only a single
infarction. However, there are also patients who
presented with multiple infarctions (2, 3 or 5
infarctions). The infarctions were identified at various
regions of the brain. The region includes either one or
both of the thalamus, parietal lobes, internal capsules,
caudate nucleus, basal ganglia and frontal lobes. The
same percentage of patients (28.6%, n = 12) manifested
with cerebral oedema on admission.

Thirteen (30.9%) patients presented with enhancing
lesions. Out of the 13 patients, 38.5% (n = 5) were
identified as tuberculomas. Abscess and calcification
were seen in only 4.8% (n = 2) of all cases. Table II
summarizes other neuroimaging features among all
study subjects apart from hydrocephalus and meningeal
enhancement.

Twenty-eight (66.67%) of all study subjects also had
extrameningeal tuberculosis. Out of this group, most of
them (82.4%) had concurrent pulmonary involvement.
Two of the patients presented with spinal tuberculosis,
one with lymph nodes involvement and another two
with involvement of other sites.

Discussion

This study showed a male preponderance as seen in
various other series 1-'. From the 42 cases studied,
54.8% had associated lung pathology on chest
radiographs, which is consistent with many other
series,2, 5-6.

The majority of patients had some form of neuroimaging
abnormalities, which were picked up relatively well by
contrasted CT ,scan. Although Magnetic Resonance
Imaging (Mill), which is more sensitive, was not the
main initial neuroimaging tool in this study, it has been
shown to reveal more findingsl1, 14. Thus, neuroimaging
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Fig 1: Showing the distribution of patients according to ethnicity

Table II: Showing other neuroimaging features seen in tuberculous meningitis patients apart
from hydrocephalus and meningeal enhancement

Neuroimaging features Infraction Oedema Enhancing Tuberculoma Abcess Calcification Normal

lesion
Number of patient with 12 12 13 5 2 2 2
aromaditina
% 28.6 28.6 30.9 11.9 28.6 4.8 4.8

should be considered as an important initial
investigation in highly suspected cases. The two most
common neuroimaging findings on admission were
hydrocephalus and meningeal enhancement.

In this study, hydrocephalus was the most common
neuroimaging finding and this is corroborated by other
studies 7-11. These previously published papers
documented rates ranging from 51.0 to 89.2%.
Likewise, the percentage of hydrocephalus in this study
was within the range and hydrocephalus was the sole
neuroimaging finding in 10 (23.8%) of the subjects.
According to Bonefe et al 12

, hydrocephaius may be the
first clinical manifestation of TBM and it may precede
the obliteration of basilar cisterns by several weeks.
There were 2 patients who had undergone follow up
MRI within 24 hours of admission, which showed
multiple tuberculomas although the initial CT scan
images only revealed presence of hydrocephalus. This
demonstrated that there might already be changes in
the neural tissue in a patient with hydrocephalus,
although it was not shown by the initial CT scan. In
future, these cases might benefit from further
evaluation with MRI, functional imaging or PET scan.
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The highest frequency of meningeal enhancement was
seen in the basal cisterns. This can be explained by
gelatinous exudates that fill the basal cisterns, which is
typical of tuberculous meningitis. Overall, nearly one
third of the patients showed evidence of basal
meningeal enhancement. There is an almost similar
percentage (38.3%) seen in a study of 48 adults by
Verdon et aI'. On the other hand, other published
papers recorded a much higher percentage, up to
64.0%8,13. A study by Gupta et al documented an even
higher percentage of 84.0% with basal meningeal
enhancement, in a series of 26 tuberculous menigitis
patients 14. However, the study used MRI instead of CT
scan as the first line of neuroimaging, which would
explain the higher sensitivity. MRI with intravenous
gadolinium is more sensitive to meningeal lesions as
compared to CT scan in TBM patients. MRI also depicts
relatively subtle meningeal enhancement, which may
not be very prominent on CT scan 11.15.

Infarction was detected in 28.6% of the cases on
admission. Infarction may be solitary or multiple and
the size ranged from 0.5 to 4cm. The common sites
include the thalamus, parietal lobe, frontal lobe,
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caudate nucleus, internal capsule and basal ganglia.
This is possibly due to involvement of the branches of
the middle cerebral artery with lenticulostriate arteries
being the most commonly affected. Leiguarda et al lO

showed changes in cerebral arteriography in cases of
tuberculous meningitis involving mainly the middle
cerebral artery. This is due to inflammation at the basal
cisterns where the middle cerebral arteries pass
through.

Tuberculomas are normally seen as ring or nodular
lesions in CT scan or MRI images and are sometimes
indistinguishable from underlying vascular compromise
and ischemic insult. When this arises, tuberculomas
may become inconspicuous and thus may not be
documented particularly in cases of low immune
system where the reactive response is poor, for
example in HIV patients. There was a higher
percentage of tuberculomas noted in this study
compared to other studies that reported between 11.9
to 27.7% 9·10, 13. This study also revealed higher
percentage of cerebral oedema compared to the one
obtained by Bhargava et al 9, which found cerebral
oedema in only 3.33% of their subjects.
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Although CT was said to be a better tool in evaluating
calcification as compared to MRI, calcification was
found in only a small percentage of the patients in this
study. Out of 42 patients studied, only 2 patients
manifested evidence of calcification. To the authors'
knowledge, no papers studied the presence of cerebral
calcification in tuberculous menigitis patients on
admission, although there was one study that evaluated
the presence of cerebral calcification following
treatment 16. Abscess was reported in 1.54% of the
subjects in our study, which is higher than in previous
series. Presumably, this difference may be attributed to
differences in age groups and relatively different
number of cases studied.

Conclusion

Neuroimaging features of tuberculous meningitis
include hydrocephalus, meningeal enhancement,
infarction, enhancing lesion, tuberculoma, abcess,
cerebral oedema and calcification. The two
commonest neuroimaging features are hydrocephalus
and meningeal enhancement. CT scan is an adequate
neuroimaging tool to unmask abnormal findings in
tuberculous meningitis. Nevertheless, the role of MRI
in discovering subtle lesions cannot be ignored.
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