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ABSTRACT

Introduction: Tuberculous meningitis is an important central nervous system infection, and it is the most severe clinical form of tubercu-
losis. Mycobacterium tuberculosis is the frequently isolated microorganism, and it is associated with high morbidity and mortality among
central nervous system infections. Despite all the advances in medicine, diagnosis of tuberculous meningitis is still a significant problem.
In our study, we aimed to evaluate clinical, microbiological and radiological features of the patients with tuberculous meningitis in detail.

Materials and Methods: The study was designed as a retrospective study. A total of 32 patients diagnosed on the basis of clinical,
microbiological and radiological criteria with tuberculous meningitis were included into the study. Patients were exposed to computed
tomography scan and magnetic resonance imaging with the exception of two patients. Computed tomography scans were performed
at the time of admission to the emergency department while magnetic resonance imagings were performed within the 48 hours after
computed tomography scans. The data were analyzed with SPSS 24.

Results: Eleven of the patients were diagnosed with gold standard methods. The pathogen microorganism was M. tuberculosis in
all cases. The diagnoses of other patients were determined by clinical; microbiologic and radiologic estimations. Demographic find-
ings-symptoms of the patients, laboratory findings-symptoms and the contribution of radiology to the diagnosis were evaluated.
Particularly, when the contribution of radiology to the diagnosis was studied, it was found that especially magnetic resonance imaging
was more useful than computed tomography.

Conclusion: Central nervous system infections due to M. tuberculosis are frequently related to high morbidity and mortality. The gold
diagnosis methods of the disease are; isolation of M. tuberculosis from the cerebrospinal fluid or seeing the microorganism in the fluid
with EZN stain. Because of the low positivity rates in gold standard methods, radiologic methods such as magnetic resonance imaging
can be used in tuberculous meningitis diagnosis.
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Giris: Tiiberkiiloz menenjit dnemli bir santral sinir sistemi infeksiyonudur ve tiiberkiilozun en agir klinik formudur. Mycobacterium tuber-
culosis en sik izole edilen mikroorganizmadir ve santral sinir sistemi infeksiyonlari icinde énemli bir mortalite ve morbidite nedenidir.
Tiptaki tiim gelismelere ragmen tiiberkiiloz menenijit tanisi koymak hala ciddi bir problemdir. Bu ¢alismada tiiberkiiloz menenijit tanisi
alan hastalarin klinik, laboratuvar ve radyolojik 6zelliklerini detaylica incelemeyi amacladik.

Materyal ve Metod: Calisma retrospektif olarak tasarlandi. Klinik, mikrobiyolojik ve de radyolojik olarak tiiberkiiloz menenijit tarisi alan
toplam 32 hasta calismaya dahil edildi. iki hasta disindaki tiim hastalara hem bilgisayari tomografi (8T) hem de manyetik rezonans
goriintiileme (MRG) ile kraniyal gértintiileme yapildi. Bilgisayarli tomografi incelemeleri acil serviste, MRG incelemeleri ise BT'den sonraki
48 saat icinde yapildi. Data analizi SPSS.24 ile gerceklestirildi.

Bulgular: Hastalarin 117 altin standart yéntemler ile tani almistir. Uretilen tim etkenler M. tuberculosisdir. Diger hastalarin tanisi ise
klinik, laboratuvar ve radyoloji destedi ile konulmustur. Hastalara ait demografik veriler, semptomlar, laboratuvar bulgulari ve radyo-
lojinin taniya katkisi degerlendirilmistir. Radyolojinin taniya katkisi incelendiginde MRG BT’ye gére taniya daha fazla katki saglayici
olarak bulunmustur.

Sonug: M. tuberculosis’e bagl santral sinir sistemi infeksiyonlari yiiksek mortalite ve morbidite nedenidir. Tani icin altin standart, basilin
EZN boyasi ile gdsterilmesi ve kiiltiirde Cretilmesidir. Bu yontemlerle dtisiik pozitiflik oranlarinin olmasi nedeniyle radyolojik yéntemler
ozellikle de MRG taniya yardimci yontem olarak kullanilabilir.

Anahtar Kelimeler: Tiiberkiiloz menenijit; Meningeal infeksiyonlar; Manyetik rezonans gériintiileme; Bilgisayarli tomografi

INTRODUCTION

Tuberculosis (TB) is a major public health
problem that maintains its importance all over
the world. Despite the advances made in its
diagnosis and treatment, it is nevertheless a dise-
ase that has a high mortality and morbidity rate
because the cases are typically diagnosed late and

pose complications[l].

Although the disease is most commonly exhi-
bited as pulmonary TB, extrapulmonary TB can
affect almost all systems. Central nervous system
(CNS) TB has the highest mortality and mor-
bidity rates amongst all cases of extrapulmonary
TB, most of which are diagnosed as tuberculosis
meningitis (TBM)[Z].

In this serious clinical picture, certain factors
affect prognosis of the patients. One of the most
important of these factors is the patient’s level

of consciousness when diagnosed. Administering
patients with early treatment also affects the mor-
tality rate of the disease. Despite all developing
microbiological diagnostic methods, especially tho-
se for CNS TB, difficulties are still encountered
in early diagnosis with methods known as gold
standards!?. Although patients’ clinical symptoms
are compatible with meningitis, distinguishing
between bacterial meningitis and TBM based on
cerebrospinal fluid (CSF) taken at the time of
admission is difficult to perform. Meningitis is not
easily detected by the staining method for acid-
fast bacilli (AFB) testing. Nevertheless, the produ-
ction of the microbial agent in a culture medium
takes a considerable amount of time, even when
working with automatized systems. Difficulty and
lengthy waiting time of diagnosis lead to a delay
in the final diagnosis and, hence, the patients’
treatment. Difficult diagnosing and long waits for
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a diagnosis lead to a delay in diagnosis and pa-
tient treatment, which then adversely affects the
course of a disease that is already quite serious.
Molecular tests, such as a polymerase chain re-
action from CSF for TBM, have demonstrated
rather different sensitivity and specificity rates in
various studies although advances of molecular
methods in microbiology have provided diagnos-
tic ease and speed for the diagnosis of many

diseases. Therefore, these molecular tests are
not yet widely accepted as successful diagnostic
methods'®. Another limitation of the molecular

techniques is their lack of availability. Therefore,
diagnostic difficulties lead clinicians to search for
alternative methods for diagnosing TBM4.

CNS imaging methods also play a very impor-
tant role in the diagnosis and follow-up of infe-
ctions resulting from other diseases!?!. Radiologi-
cal examinations are substantial for clinicians in
evaluating possible complications and in following
up with treatment while waiting for the results
of further tests in cases in whom a clear result
cannot be obtained with baseline CSF analysis!®.
A computed tomography (CT) examination, which
is frequently employed to perform the lumbar
puncture (LP)-especially when initially determining
a diagnosis -in patients who receive an MRI for
the pre-diagnosis of meningitis is a less com-
monly used imaging method in patients. MRI is
more sensitive than CT and highly specific for
pathologies involving CNS since non-ionizing radi-
ation from MRI provides more information about
high soft-tissue contrast and anatomical details.
The likelihood of a lethal allergic reaction to the
contrast agent used during MRI is significantly
lower than that of the agents used in CT. In ad-
dition, the structures that cannot be assessed due
to bone artefacts that are found during CT are
easily distinguishable through MRI®7 Further,
unless a contraindication exists, the administration
of a contrast agent provides important contribu-
tions toward distinguishing pathological features
and assessing possible complications. Therefore,
an MRI scan with a contrast agent should be
preferred in every suitable case for imaging pro-
cedures planned for CNS infection.

Early-stage MRI in identifying a CNS infection
may play an important role in deciding their

proper treatment. In this study, we aimed to eva-
luate clinical and CSF findings as well as reveal
the contribution these imaging modalities make to
early diagnosis by reviewing MRI and CT imaging
findings in patients with TBM.

MATERIALS and METHODS

The study was retrospectively planned and in-
volved 32 patients followed up at the Department
of Infectious Diseases and Clinical Microbiology,
Faculty of Medicine at Dicle University. Demog-
raphic data, clinical characteristics, laboratory re-
sults, and radiological imaging results of 32 TBM
patients were recorded between January 2009
and May 2013 based on the TBM follow-up
form in the patients’ files.

The criteria for inclusion in the study were
that patients had received a pre-diagnosis of
TBM and had then received TBM treatment with
a definitive or clinical diagnosis. Based on medi-
cal history, physical examination findings (fever,
headache, nausea, vomiting, nuchal rigidity, Ker-
nig and Brudzinski signs, convulsions, presence
of regional neurological signs) and CSF findings
(pressure, appearance, cell number and type, CSF
protein and glucose levels), Gram and Giemsa
stainings of CSF, CSF culture, and clinical and
radiological follow-up of patients with meningitis,
a pre-diagnosis of TBM was determined.

The AFB detection in an Ehrlich Ziehl-Ne-
elsen stain of CSF and/or the production of
Mycobacterium tuberculosis in a Lowenstein-Jen-
sen medium were/was accepted as a definitive
diagnostic criterion. Strong findings supporting
TB in patients’ medical history, CSF findings,
and radiological examinations were accepted as
a clinical diagnosis. The patients were clinically
staged according to the recommendations of the
British Medical Research Council (BMC) at the
time of admission.

All patients who participated in the study
were subjected to CT, with the exception of
one patient who was pregnant. All patients were
subjected to MRI, with the exception of one pa-
tient whose general condition was not considered
appropriate for MRI. CT scans were performed
at the time of admission to the emergency de-
partment, while MRI scans were performed within
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48 hours following the CT scans. The CT and
MRI scans that would later be compared were
determined as the scans performed using cont-
rast material within the first 48 hours of patient
admission.

Ethics approval was obtained from the Ethics
Committee of the Dicle University Medical Faculty
(Approval no. 287), and SPSS Statistical Packa-
ge® 21.0 was used to analyze the data.

RESULTS

The 32 patients chosen and included in the
study were those diagnosed with TBM and who
received treatment based on their pre-diagnosis
and clinical symptoms. Of the 32, 40.6% (n=
13) were female and 59.4% (n= 19) were male.
The average age among all patients was 37.4
years.

21.9% of the patients (n= 7) had a previous
history of TB, 15.6% (n= 5) had a family history
of TB, and 25% (n= 8) had a history of being in
physical contact with a TB patient. The shortest
complaint duration was 3 days, with a median
complaint duration of 24.1 days at the time of
admission. All patients reported headache while
75% (n= 24) additionally experienced nausea
and vomiting. In the examinations, Kerning was
detected in 5 patients (15.6%) and Brudzinski
was detected in 7 (21.9%) while 25 (78.1%)
experienced nuchal rigidity and 26 (87.5%) ex-
perienced fever. Rash was detected in 3 patients
(9.4%) while 5 (15.6%) experienced convulsions
at the time of admission. Eleven (34.4%) patients
were identified as Stage 1, 12 (37.5%) Stage 2,
and 9 (28,1%) Stage 3 according to the BMC
neurological staging system.

CSF pressures were determined subjectively
based on the flow rate of CSF when LP was
performed. CSF pressure was normal in 5 pa-
tients (15.6%) and had increased in 26 (81.3%).
CSF was not obtained from one patient due to
an anatomical defect (this patient was diagnosed
by MRI).

The appearance of 14 (43.8%) of the 31
CSF samples were clear, 14 (43.8%) were xant-
hochromic, and 3 (9.4%) were blurred. CSF cell
counts were found to be a minimum of 20/mm3
cells and a maximum of 2400/mm? cells, with a

mean cell number of 725/mm?3. CSF protein va-
lue [46.9% (n= 15)] could not be measured due
to its expression of a very high value in these
patients. In the remaining 16 samples (53.1%),
the ratio of CSF micro total protein was > 45
mg/dL, and mean CSF protein was 175.8 mg/
dL. The CSF glucose value was between 4 mg/
dL and 62 mg/dL, with a mean value of 28
mg/dL. All patients had at least twice amount
higher blood glucose levels than CSF glucose le-
vels. In  baseline CSF evaluation, CSF peripheral
spread and gram staining were performed for all
patients. The ratio of the patients diagnosed by
AFB positivity was 6.3% (n= 2) while no bacte-
rial agent was detected in any patients. Eleven
patients [37.5% (n= 11)] had M. tuberculosis pro-
duced in the culture medium. In a patient whose
AFB stain detected bacilli, the bacillus was also
expressed bacillus in the culture medium. These
patients were accepted as definitive diagnosis.
Furthermore, all patients included in the study
tested negative for HIV.

Pathological and radiological findings that were
valuable in terms of TBM diagnosis and pa-
tient follow-up were classified into the five main
categories of gyrus involvement, hydrocephalus,
tuberculoma, exudate in the basal cisterns, and
brain infarction.

At least one pathological finding from CT to-
mography was identified in 12 (38.7%) patients.
Of these findings, infarction was identified in 2
(6.3%) patients, gyrus involvement in 3 (9.7%),
hydrocephalus in 11 (34.4%), and tuberculoma
in 2 (6.5%). None of the patients had exudates
either in basal cisterns or in a sylvian fissure on
their CT scans, while 5 (16.1%) patients expres-
sed multiple findings of cranial CT.

Pathological findings were determined through
MRI in 24 (77.4%) patients. These findings were
hydrocephalus in 14 [45.2% (n= 14)], exudate in
basal cisterns in 10 [32.3% (n= 10)], exudate in
sylvian fissure in 4 [12.9% (n= 4)], infarction in
8 [25.8% (n= 8)], and gyrus involvement in 18
[56.3% (n= 18)]. Tuberculoma was detected th-
rough MRI in 10 patients [32.3% (n= 10)], while
15 [48.4% (n= 15)] had multiple radiological fin-
dings. We expressed the patients’ demonstrative
radiological images alongside their explanations in
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Figure 1. Axial FLAIR MRI images showing hyperintense areas involving brainstem and mesodiencephalic junction in a case
of tuberculous meningitis, confirmed by the finding of Mycobacterium tuberculosis in cerebrospinal fluid cultures (A, B, C).

Figure 2. Multiple supra and infratentorial tuberculomas in a 54-year-old male with history of pulmonary tuberculosis.
Tuberculomas are seen as multiple small ring enhancing lesions without peripheral edema in coronal postcontrast T1

weighted (A, B) and axial FLAIR MR images (C).

Figure 3. T1 weighted axial image in a patient with tu-
berculous meningitis demonstrating dilatation of the ven-
tricles.

Figures 1-4 while a comparison of the percen-
tages of the CT and MRI findings is presented
in Table 1.

A two-month-long, continuous treatment regi-
men with isoniazid (INH), rifampicin (RIF), etham-
butol (ETB), and pyrazinamide (PRZ) was initiated
for all patients included in the study. Patients
were subsequently treated with dual treatment re-

Figure 4. Ventriculitis with marked hydrocephalus in an
axial FLAIR image of a 45-year-old female with tubercu-
lous meningitis.

gimens consisting of INH and RIF for ten mont-
hs. Furthermore, steroid therapy was administered
in all patients except one who did not exhibit
neurological symptoms at Stage 1.

Cranial nerve (CN) involvement was detected
in 7 (21.9%) patients, all of whom expressed
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Table 1. CT and MRI of radiological appearances in the
diagnosis of tuberculous meningitis

Radiological findings CT (%) MRI (%)
Basal exudates 0 323
Hydrosephalus 34.4 45.2
Gyral anhacement 9.7 56.3
Tuberculoma 6.5 323
Sylvian fissure exudate 0 323
Infarct 6.3 25.8

CT: Computerized tomography, MRI: Magnetic resonance imaging.
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Figure 5. Neurological stage and mortality rate.

CN 6 involvement. Only one patient additionally
expressed CN 3 and CN 4 involvements.

The death rate of the patients involved in the
study was 37.5% (n= 12). Four of the 5 (80%)
patients who were at Stage 3 upon admission
died, and the highest mortality rate was observed
in this group. Of the eleven patients who were
at Stage 1 upon admission, no deaths occurred,
but 50% (n= 8) of patients at Stage 2 upon
admission died.

The correlation between mortality rates and
stage levels is depicted in Figure 5.

DISCUSSION

Almost two billion people are infected with
TB worldwide, while it is estimated that merely
10% of these individuals will clinically develop
TBM. TB is the ninth-leading cause of death
in the world; in 2016, 1.7 million people died
from the TB. In Turkey, based on a review of
the records from the last ten years, more than
12.000 new cases were reported each year[S].
Although many individuals are successfully treated,

a large proportion of the deaths that occur can
be prevented by early diagnosis and treatment.
The high incidence of TB in a community leads
to an increase in the incidence of CNS TB. TBM
is the most common infectious disease in chronic
CNS infections, and TB remains a serious health
problem in developing countries!®). In developed
countries, TBM is an infection that specifically
develops in HIV-infected individuals.

Adults aged between 25 and 45 years are
most commonly affected of TBM worldwide!3-2-111,
Although the age range in our study was wider,
it is nevertheless comparable with this data, with
a mean age of 37.4 years.

TBM is the most significant cause of chronic
CNS infections, especially in developing countries.
Therefore, TBM patients’ complaints are longer
lasting compared to patients with bacterial menin-
gitis[2]. In our study, although patient complaints
were shorter, they were consistent with chronic
infection findings at a mean of approximately
one month.

As noted in various studies, a patient’s perso-
nal history of TB and one’s close contact with a
person infected with TB are both important risk
factors?l. These risk factors are both noticeable
in our study, and for this reason, when TBM
is suspected, the patient must be questioned for
these two factors.

Fever and headache are the most common
symptoms for both acute bacterial and TB me-
ningitis. Physical examination findings including
nuchal rigidity, Kernig signs, and Brudzinski signs
were all positivity rates in our study were similar
to findings of other studies. The occurrence of
convulsions was a less common finding and was
reported in 5 (5.6%) patients in our study (while
it has been reported to be as high as 36.6% in
other studies conducted in Turkey).

The analysis of CSF in the diagnosis and fol-
low-up of a meningitis patient must be performed
unless it is contraindicated. According to classical
TBM information, increased pressure, xanthochro-
mic appearance, low glucose value, high protein
value, low sodium value, and a cell count betwe-
en 0 and 1000/mm?® in patients’ CSF should be
expected. CSF findings in our study are similar
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to those found in other studies reported in the
related literature.

Medical history, examination findings, and
CSF findings are very substantial for following up
patients diagnosed with TBM although this infor-
mation is insufficient for a definitive diagnosis.
Despite the fact that a patient is diagnosed with
meningitis based on this information, the bacillus
must be documented as isolating TBM from the
CSF and, as discussed above, a definitive diagno-
sis may not always be possible and/or may be
rather time consuming to obtain.

In this study, we analyzed patients’ results by
determining five different radiologic abnormalities
on imaging modalities that guide the diagnosis
and course of TBM. We defined the radiological
abnormalities as hydrocephalus, gyral enhance-
ment, exudate in basal cisterns, exudate in sylvian
fissure, tuberculoma, and infarction, and evaluated
patients’ CT and MRI results to detect these
abnormal findings. As a result of the evaluation,
the rate of detecting radio-pathological findings
with MRI was generally superior to that of CT.
It was observed that MRI may detect all these
findings-which are valuable for the diagnosis of
TBM-at a higher rate than that of CT. Tuber-
culoma, a marker that is specifically critical for
TBM, was detected at a much higher rate by
MRI, while two other quite significant findings
(the exudates in basal cisterns and in a sylvian
fissure) may be detected by MRI. CT, on the
other hand, may not determine either finding in
patients. At this point, MRI has proven to be a
very important assistive diagnostic tool in both
clinically diagnosed patients and in patients who
have received a definitive diagnosis.

Other studies in the related literature have
reported the mortality rate for TBM to be betwe-
en 10% and 50% worldwide!!%11l. The mortality
rate of 37.5% (n= 12) determined by our study
emphasizes once again that TBM is the most
fatal type of TB. The most important factor in
the prognosis of TBM is a patient’s neurological
stage at the time of admission. In our study, no
death occurred in Stage 1 patients, but the rate
significantly increased in patients at Stages 2 and
3, reaching 80% (n= 5) in Stage 3 patients.

In conclusion, MRI has been a beneficial tool
in the diagnosis of patients in our study. Many
studies have been conducted to facilitate the
direction of diagnosing diseases with important
and diagnostic difficulties (e.g., TBM), and these
studies attempt to determine diagnostic algorithms
by revealing significant findings related to such
diseasesl®. We believe the inclusion of MRI in
such algorithms may be beneficial due to its cont-
ribution toward identifying a disease’s expression
catching a disease’s findings, as is supported by
our study. In addition to these algorithms, MRI is
a valuable method in every possible situation be-
cause it detects pathological findings in an early
stage of determining a TBM diagnosis.
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