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Original article

Purpose: This study aimed to determine the clinicoepidemiological profile and prognostic factors 
in children with neurotuberculosis. 
Methods: An observational study was conducted at a tertiary care hospital on 50 children diag-
nosed with neurotuberculosis. The demographic profile, clinical details, and all investigations 
were recorded on a predetermined form and datasheet for analysis, and disability severity was 
graded using the modified Rankin Scale. 
Results: Fifty patients were enrolled (male-to-female ratio, 1.08:1). Younger children (1 to 3 
years) were more commonly affected. Most patients were malnourished, and only 58% had been 
immunized with the Bacillus Calmette-Guerin vaccine. Fever was the most common symptom 
(96%) followed by headache, altered consciousness, vomiting, seizures, and abnormal posture. On 
cerebrospinal fluid (CSF) analysis, 87% of patients showed pleocytosis with lymphocytic predom-
inance. More than 80% of patients had CSF protein levels >100 mg/dL and CSF glucose levels 
<60 mg/dL. Common findings on neuroimaging were hydrocephalus (76%), basal meningeal en-
hancement (60%), basal exudates (52%), and parenchymal infarcts (32%). We noted a mortality 
rate of 40%, of whom 87.5% had modified British Medical Research Council (BMRC) stage 3 tu-
bercular meningitis (TBM). All patients who survived stage 3 TBM had a severe disability, and over 
50% of patients with stage 2 TBM had moderate to severe disabilities. 
Conclusion: Young age, lower socioeconomic status, BMRC stages 2 and 3, abnormal posture, 
hydrocephalus, and the presence of basal exudates were associated with poor outcomes. High 
suspicion is needed for early diagnosis and prevention of disability and mortality. 

Keywords: Tuberculosis, meningeal; Neuroimaging; Cerebrospinal fluids; Socioeconomic factors; 
Prognosis

Introduction 

Globally, the annual incidence of tuberculosis in recent years is rel-
atively stable, with an estimated number of 10 million (range, 9 to 
11.1 million) people affected in 2018 [1]. The incidence is quite 
variable among different countries, ranging from <5 to >500 new 

cases per 100,000 population per year, with a global average of 
130.1. Eight countries accounted for nearly two-thirds of all cases 
globally, with India (27%) and China (9%) leading the counts [1]. 

Globally, 11% of tuberculosis cases were recorded in children 
less than 15 years of age [1]. Almost one-fourth of children with 
tuberculosis have extrapulmonary tuberculosis, the most serious 
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type of which is tubercular meningitis (TBM) [2]. Younger chil-
dren are more commonly affected by TBM, with a peak between 
23 and 49 months [3-5]. Although TBM constitutes a small num-
ber of overall tuberculosis cases, it causes a disproportionate degree 
of mortality and morbidity [6]. The mortality rate among children 
with TBM varies from 13% to 70%, and only 16% to 20% of chil-
dren are reported to have survived without any sequelae [3,7-18]. 
The majority of TBM survivors experience some residual neuro-
logical, cognitive, behavioral, or developmental impairment [3,10-
17,19-21]. 

Although multiple studies have been conducted on neurotuber-
culosis in children, only limited studies have been carried out in the 
last decade regarding the clinicoepidemiological profile and prog-
nostic factors in pediatric neurotuberculosis, which includes TBM, 
intracranial tuberculoma, spinal intramedullary tuberculosis, and 
Pott’s spine. Therefore, we conducted this study with the aim of as-
certaining the clinical profile and prognostic factors in children 
with neurotuberculosis. 

Materials and Methods 

This cross-sectional study was conducted at the Department of Pe-
diatrics of a tertiary hospital located in New Delhi, India, and 50 
children between 1 month and 12 years of age diagnosed with 
neurotuberculosis were included. Approval from the Institutional 
ethical committee of Maulana Azad Medical College, New Delhi, 
India was granted before proceeding with the study (F no. 17/
IEC/MAMC/2018/Paeds/19). Written informed consent/assent 
(depending on the case) was obtained from the subjects. A case 
was diagnosed as definite or suspected TBM and included in the 
study using the criteria and scoring system proposed by an interna-
tional expert panel in 2010 based on clinical, cerebrospinal fluid 
(CSF), neuroimaging, and other supportive laboratory parameters 
specified for children. Specifically, a definite case of TBM was de-
fined when acid-fast bacilli (AFB) were demonstrated in CSF by 
staining, culture, polymerase chain reaction, or cartridge-based nu-
cleic acid amplification test (CBNAAT) [22]. 

Patients’ demographic details, presenting complaints, history of 
contact with a tuberculosis case, treatment history, and compliance 
of contact to antitubercular therapy (ATT), as well as whether the 
contact had multidrug-resistant tuberculosis were recorded. 
Whether a family had poor or low socioeconomic status was de-
fined using the modified Kuppaswamy scale. A physical examina-
tion was performed, with a special emphasis on fever, Bacillus 
Calmette-Guerin (BCG) vaccine scar, clubbing, jaundice, hepato-
splenomegaly, chest, and central nervous system (CNS) examina-
tions, British Medical Research Council (BMRC) staging, and 

fundus. 
The investigations done in each patient were a complete blood 

count, chest X-ray, and gastric aspirate (GA) CBNAAT to look for 
evidence of pulmonary tuberculosis; contrast-enhanced computed 
tomography and magnetic resonance imaging to establish the diag-
nosis; microscopic, biochemical, and microbiological CSF analy-
ses; CSF CBNAAT (wherever possible and indicated); a liver 
function test to detect deranged liver function at admission and 
ATT-induced hepatitis; a tuberculin test, and an human immuno-
deficiency virus (HIV) test. The patients were monitored during 
the hospital stay, and we recorded instances of mortality, the time 
from admission to mortality, the need for neurosurgical interven-
tions (e.g., a ventricular tap, external ventricular drainage, and ven-
triculoperitoneal shunt), the need for ventilation, and the develop-
ment of ATT-induced hepatitis. At discharge, every patient was 
scored on the modified Rankin Scale to grade the severity of dis-
ability. 

Data were entered in a Microsoft Excel spreadsheet and analyzed 
using SPSS for Windows version 25.0 (IBM Corp., Armonk, NY, 
USA) and analyzed using appropriate statistical tests.  

Results  

1. Demographic details 
In total, 50 patients with neurotuberculosis were enrolled from 
May 2019 to March 2020 after receiving consent from their guard-
ians. Twenty-six (52%) of the patients were boys, with a male-fe-
male ratio of 1.08:1. Children younger than 5 years of age com-
prised 48% of cases. The maximum number of cases was in the age 
group of 1 to 3 years, comprising 30% of all cases. Only four out of 
50 cases (8%) were younger than 1 year of age. Thirty (60%) chil-
dren belonged to families where the most educated person in the 
family had either no education or was educated until the primary 
or secondary level. Forty-four (88%) of the patients belonged to 
either lower or lower-middle-class families. Seventy-five percent of 
the children <5 years of age and 55% of those >5 years of age were 
malnourished. Almost half of the children below 5 years of age 
were stunted, half were wasted, and one-third had severe malnutri-
tion. Out of the 50 patients, only 29 (58%) patients had received 
BCG vaccination. A BCG scar was noted in 29 (58%) patients. It 
was seen that 26 (52%) patients had contact with a tuberculosis 
case. The demographic details are shown in Table 1. 

2. Clinical findings 
The median duration of illness was 17 days (range, 4 to 150). The 
most important symptom of neurotuberculosis was fever, which 
was seen in 48 out of 50 (96%) cases. Headache was present in 
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82% (28/34) of the patients who were able to describe it. The me-
dian duration of headache was 2 weeks. The other important 
symptoms were altered consciousness, vomiting, and seizures. Sei-
zures were present in 66% of the patients. Most of the patients had 
generalized tonic-clonic seizures. Irritability and weight loss were 
present in 64% and 38%, respectively. About one-third (36%) of 
patients presented with a paucity of limb movement. Elevated in-
tracranial tension (ICT) and altered sensorium were seen in 86% 
and 80% of cases, respectively. Other symptoms and signs are tab-
ulated in Table 2. Out of 50 cases of neurotuberculosis, TBM was 
seen in 46 (92%) patients. The remaining four cases had tubercu-
loma only. Twenty of the 50 (40%) patients had concomitant tu-
bercular pneumonia diagnosed by supportive findings on the clini-
cal examination and chest X-ray. 

3. Laboratory findings 

1) Cerebrospinal fluid 
Out of 47 cases where a lumbar puncture was performed, 41 
(87%) patients showed CSF pleocytosis. Thirty-three (70%) 
showed total cell counts in the CSF between 10 and 400 cells/
mm3. Nineteen (40.4%) patients had CSF lymphocytosis of over 
90%, and 29 (62%) patients had CSF lymphocytosis of more than 
50%, 13 of whom had lymphocytes only. Twelve patients had a 
neutrophilic predominance in CSF. CSF glucose levels less than 60 
mg/dL were seen in 85% of cases. The CSF was acellular in six pa-

Table 1. Patients’ demographic profile 
Characteristic No. (%)
Sex
  Male 26 (52)
  Female 24 (48)
Age (yr)
  <1 4 (8)
  1–3 15 (30)
  3–5 5 (10)
  5–7 7 (14)
  7–10 9 (18)
  ≥10 10 (20)
Highest level of education of people in the household
  No formal education 4 (8)
  Primary education 13 (26)
  Secondary education 13 (26)
  Post-secondary education 20 (40)
Religion
  Hindu 23 (46)
  Muslim 27 (54)
Socioeconomic status
  Upper middle 6 (12)
  Lower middle 32 (64)
  Lower 12 (24)

Table 2. Clinical signs and symptoms 

Symptom No. (%)
Fever 48 (96)
Headache 28/34 (82)
Altered sensorium 40 (80)
Vomiting 36 (72)
Seizures 33 (66)
Irritability 32 (64)
Weight loss 19 (38)
Paucity of movements 18 (36)
Abnormal posture 11 (22)
Visual loss 8 (16)
Cough 6 (12)
Abnormal movements 3 (6)
Elevated ICT 43 (86)
Alteration of sensorium 40 (80)
BCG scar 29 (58)
Tubercular pneumonia 20 (40)
Anemia (hemoglobin <10 g/dL) 18 (36)
Deranged liver function at admission 10 (20)
Hepatomegaly 9 (18)
Lymphadenopathy 5 (10)
Abnormal body movements 3 (6)
Hepatosplenomegaly 2 (4)
Clubbing 2 (4)
Jaundice 1 (2)
GCS
  <7 2 (4)
  7–10 12 (24)
  ≥10 36 (72)
Elevated ICT 43 (86)
Alteration of sensorium 40 (80)
Neck stiffness 40 (80)
Hypertonia 23 (46)
Cranial nerve palsy (n=21)
  Seventh nerve 11 (22)
  Third nerve 7 (14)
  Sixth nerve 5 (10)
Hemiparesis (n=11)
  Right 7 (14)
  Left 4 (8)
Papilledema 10 (20)
Decorticate rigidity 7 (14)
Decerebrate rigidity 4 (8)
Optic atrophy 2 (4)
Paraparesis 1 (2)

ICT, intracranial tension; BCG, Bacillus Calmette-Guerin; GCS, Glasgow 
Coma Scale.

tients, although all of them had low glucose, elevated protein, or 
both in the CSF. Out of the 46 patients in whom CSF CBNAAT 
was performed, the results were positive in 14 (30.4%) patients, 
who were labeled as definite TBM cases. Rifampicin (RIF) resis-
tance was seen in two out of these 14 patients. GA CBNAAT was 
positive in only seven out of 49 cases (14.3%) (Table 3). 

Ann Child Neurol 2023;31(2):103-112

105https://doi.org/10.26815/acn.2022.00409



alus was more frequently observed than other types, with a pres-
ence in two-thirds of those with hydrocephalus. Basal enhance-
ment was seen in 30 (60%) patients. Basal exudates, periventricular 
ooze, and infarcts were seen in 52%, 36%, and 36% of patients, re-
spectively (Table 3 and Fig. 1).  

3) Treatment 
Patients were started on ATT, and the regimen used was 2 months 
of isoniazid, RIF, pyrazinamide, and ethambutol followed by 7 
months of isoniazid and RIF with ethambutol, for a total of 9 
months as per the national policies. The corticosteroids used were 
intravenous dexamethasone for the first week, then oral predniso-
lone for 4 weeks, followed by tapering. Antiepileptics were used 
when required. Elevated ICT was managed medically using man-
nitol, hypertonic saline, and acetazolamide, and 11 patients re-
quired surgical management when medical measures failed to con-
trol elevated ICT. Six patients (12%) underwent ventricular tap. 
Four patients required external ventricular drainage, and one pa-
tient underwent ventriculoperitoneal shunt insertion. Sixteen pa-
tients (32%) who were either terminally ill, making any neurosur-
gical intervention inappropriate, or experienced sudden neurologi-
cal deterioration needed mechanical ventilation. 

4) Outcomes 
The outcomes of the patients were very poor. Twenty out of 50 
(40%) patients with neurotuberculosis died. The patients who 
survived were evaluated for severity of disability by the modified 
Rankin Scale at discharge (Table 4). Both surviving patients with 
stage 3 disease had moderate to severe disabilities at discharge. Out 
of 23 patients in stage 2, 14 were discharged with a Rankin Scale of 
1, indicating no significant disability, while four patients had severe 
disability. The only patient with stage 1 disease was discharged 
with infrequent episodes of mild headache only. The factors asso-

Table 3. Laboratory findings 

Findings No. (%)
CSF lymphocytosis 90% 19/47 (40.4)
CSF CBNAAT positive for TB 14/46 (30.4)
Of 14 CSF CBNAAT-positive cases, rifampicin resistance 2/46 (4.3)
GA CBNAAT positive for TB 7/49 (14.3)
Abnormal chest X-ray 13 (26)
Miliary TB 2 (4)
Consolidation 1 (2)
Lymphadenopathy 5 (10)
Bronchopneumonia 7 (14)
CSF protein (mg/dL)
  <40 1/47 (2.1)
  40–100 8/47 (17)
  ≥100 38/47 (80.8)
CSF glucose (mg/dL)
  <20 7/47 (14.9)
  20–60 33/47 (70.2)
  ≥60 7/47 (14.9)
CSF total cells (/m3)
  <10 7/47 (14.9)
  10–100 17/47 (36.2)
  100–400 16/47 (34.1)
  ≥400 7/47 (14.9)
Neuroimaging
  Hydrocephalus (n=38)
    Communicating 32 (64)
    Obstructive 6 (12)
  Basal enhancement 30 (60)
  Basal exudate 26 (52)
  Infarcts 18 (36)
  Periventricular edema 18 (36)
  Tuberculoma 12 (24)

CSF, cerebrospinal fluid; CBNAAT, cartridge-based nucleic acid amplification 
test; TB, tuberculosis; GA, gastric aspirate.

Fig. 1. Common neuroimaging features of tubercular meningitis (arrows). (A) Hydrocephalus with periventricular ooze. (B) Basal 
exudates. (C) Infarct. (D) Tuberculoma.

AA BB CC DD

2) Neuroimaging 
The commonest finding on neuroimaging was hydrocephalus, 
which was seen in 38 (76%) patients. Communicating hydroceph-
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ciated with mortality were analyzed (Table 5). 

Discussion 

In our study, 50 patients with neurotuberculosis were enrolled, 
with a slight male predominance. A male predominance of TBM 
in children has also been observed in other studies [10,13,15,23]. 
The youngest child affected was 5 months old, the age range was 
5 to 134 months, and the median age was 60 months. In other 
studies, the median age also varied from 30 to 60 months [9, 
11,12,14,17,24]. We found that 60% of children’s families had a 
poor education and belonged to the lower socioeconomic class. 
In a study done by Israni et al. [13], 85% of the patients belonged 
to lower socioeconomic status families. Other studies have also 
reported similar findings [12,17]. Around 75% of the children less 
than 5 years of age and 55% of those more than 5 years were 
found to be malnourished. Girls contributed to a higher propor-
tion of malnourished patients than boys in both age groups. This 
gender distribution of malnutrition has not been mentioned in 
other studies on pediatric TBM, but it might indicate the per-
sistence of gender discrimination within lower-socioeconomic 
status families. 

1. Clinical findings 
The most common symptom of neurotuberculosis was fever 
(96%), followed by headache (82%), altered consciousness (80%), 
vomiting (72%), and seizures (66%). Two patients presented with-
out fever, of whom one had only tuberculoma and the other had 
TBM with tuberculoma. Patients with only tuberculoma are less 
likely to have fever, as has been shown in other studies as well 
[25,26]. Altered consciousness varied from mild confusion in 
some patients to a comatose state in a few. Most of these patients 
developed altered consciousness after the onset of seizure. Seizures 
were also common; generalized tonic-clonic seizures were most 

frequently seen, but patients having tuberculomas or infarcts were 
more likely to have focal seizures. The unusual complaints were vi-
sual loss (16%), and abnormal body movements in the form of 
choreoathetosis movements (6%). All three patients with choreo-
athetosis movements had developed an abnormal posture in the 
form of either decerebrate or decorticate rigidity before the onset 
of such movements. Dyskinesia has been described as a complica-
tion of TBM, mostly in case series and reports in the literature 
[27,28]. In a study by Alarcon et al. [27], 30 patients had move-
ment disorders out of 130 TBM cases studied over 7 years. Twenty 
patients had tremors, seven had chorea, and three had dystonia. 
Out of seven patients, five were less than 5 years old and one was 
less than 12 years of age. Chorea has been described as an uncom-
mon complication in children with TBM. The pathophysiology 
causing movement disorder appears to be multifactorial, and the 
sites of the lesions were found to involve the deeper part of the 
brain, usually the thalamic and subthalamic areas. However, these 
small deeper lesions are not always detected on neuroimaging. In 
our patients who had chorea, no focal lesions were found on neu-
roimaging. It is postulated that brain edema and bacterial toxins 
may cause neurotransmitter dysfunction in the basal ganglia, caus-
ing dyskinesia [29]. 

The most commonly affected cranial nerve was the seventh cra-
nial nerve (22%), followed by the third (14% cases) and sixth 
(10%). In other studies as well, cranial nerve deficits are present in 
12% to 46% of patients [4,9-15,30-32]. However, it was classically 
taught that the sixth nerve is the most commonly affected nerve 
due to its course inside the cranium. Cranial nerve deficits are a 
manifestation of brain stem involvement where basal exudate ex-
tends and infiltrates, and could also occur secondarily to the mass 
effect caused by a tuberculoma or an abscess. Elevated ICT can 
also produce a false-positive cranial nerve defect. Further extension 
of exudates around cerebral blood vessels causes vasculitis and va-
sospasm, resulting in motor deficits. Hemiparesis was seen in 11 
patients, of whom seven patients had hemiparesis on the right side. 
Paraparesis was seen in one patient. Abnormal posture in the form 
of decerebrate or decorticate rigidity was seen in 11 patients, which 
again indicates the stage of the disease in which patients presented 
to us. 

Most of the patients (97.8% of all TBM cases) presented in ei-
ther BMRC stage 2 or 3. The propensity of younger children to 
present in advanced stages has been shown in other studies as well 
[9,10,12,13,15,17]. 

2. Laboratory findings 
Out of 47 patients who underwent CSF evaluations, 41 (87%) 
showed CSF pleocytosis, predominantly lymphocytic. Twelve pa-

Table 4. Modified Rankin Scale at discharge of those who survived 
(n=30) in different stage 

Stages (surviving patients) Modified Rankin Scale No. (%)
Stage 1 (n=1) 1 1 (100)
Stage 2 (n=23) 1 14 (60.8)

2 4 (17.4)
3 1 (4.3)
4 2 (8.7)
5 2 (8.7)

Stage 3 (n=2) 3 1 (50)
5 1 (50)

Tuberculoma (n=4) 0 1 (25)
1 3 (75)
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Table 5. Factors associated with mortality (total mortality of 20 patients out of 50 included patients) 

Parameter Categories Survived Expired P value
Age (yr) <1 (n=4) - 4 (100) 0.170

1–3 (n=15) 8 (53.4) 7 (46.6)
3–5 (n=5) 2 (40) 3 (60)
≥5 (n=26) 20 (77) 6 (23)

Sex Male (n=26) 14 (54) 12 (46) 0.355
Female (n=24) 16 (66.7) 8 (33.3)

Socioeconomic status Lower (n=12) 4 (33.4) 8 (66.6) 0.031
Middle (n=38) 26 (68.3) 12(31.7)

TB Associated pulmonary TB (n=20) 9 (45) 11 (55) 0.770
BCG BCG scar + (n=29) 19 (65.5) 10(34.5) 0.349

BCG scar - (n=21) 11 (52.4) 10(47.6)
TB contact Yes (n=26) 14 (53.8) 12(46.2) 0.355
Stage at presentation Stage 3 (n=16) 2 (12.5) 14(87.5) 0.000

Stage 2 (n=29) 23 (79.3) 6 (20.7)
Stage 1 (n=1) 1 (100) 0

Drug-induced hepatitis Present (n=5) 5 (100) 0 0.054
Mantoux Positive (n=29) 20 (69) 9 (31) 0.128

Negative (n=21) 10 (47.6) 11(52.4)
Elevated ICT Elevated ICT at presentation (n=43) 24 (55.8) 19(44.2) 0.134
Hydrocephalus At presentation (n=38) 19 (50) 19 (50) 0.007
Obstructive At presentation (n=6) 1 (16.7) 5 (83.3)
hydrocephalus
Infarcts At presentation (n=18) 8 (44.4) 10(55.6) 0.092
Basal exudate At presentation (n=26) 12 (46.2) 14(53.8) 0.038
Focal deficits At presentation (n=24) 16 (66.6) 8 (33.4) 0.355
Altered sensorium At presentation (n=40) 21 (52.5) 19(47.5) 0.030
Periventricular ooze At presentation (n=18) 3 (16.7) 15 (83.3) 0.000
Stage Stage 1 (n=1) 1 (100) 0 0.000

Stage 2 (n=29) 23 (79.3) 6 (20.7)
Stage 3 (n=16) 2 (12.5) 14(87.5)

GCS <7 (n=2) 0 2 (100) 0.000
7–10 (n=12) 2 (16.6) 10(83.4)
≥10 (n=36) 28 (77.7) 8 (22.3)

MRI/CT Normal (n=0) 0 0
Exudates+infarcts (n=2) 1 (50) 1 (50)
Exudates+infarcts+hydrocephalus (n=12) 5 (41.6) 7 (58.4)
Infarcts+hydrocephalus (n=4) 2 (50) 2 (50)
Exudates+hydrocephalus (n=10) 4 (40) 6 (60)
Hydrocephalus (n=12) 8 (66.7) 4 (33.3)
Exudates (n=2) 2 (100) 0

Tone Normal (n=6) 5 (83.3) 1 (16.7)
Hypertonia (n=23) 13 (56.5) 10(43.5)
Decerebrate/decorticate rigidity (n=11) 2 (18.2) 9 (81.8)

Values are presented as number (%).
TB, tuberculosis; BCG, Bacillus Calmette-Guerin; ICT, intracranial tension; GCS, Glasgow Coma Scale; MRI, magnetic resonance imaging; CT, computed 
tomography.

tients had a neutrophilic predominance in CSF. Five out of these 
12 (42%) patients died, which suggests that the patients with CSF 
neutrophilia in our study did not have a better prognosis. This was 
in contrast to some studies that have shown a better prognosis in 
these patients [9,24]. CSF protein levels over 100 mg/dL were 
seen in 80% (38/47) of patients. A protein level > 100 mg/dL has 

been shown to have a sensitivity of 0.78 for TBM in children [33]. 
CSF glucose levels less than 60 mg/dL were seen in 85% of cases. 
This aligns with other studies, where more than 80% of patients 
had CSF glucose levels less than 60 mg/dL [9-11,13,14,16]. Fur-
thermore, two out of six (33.3%) patients with acellular CSF had 
positive CSF CBNAAT, which suggests a similar likelihood of CB-
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NAAT positivity in those with and without pleocytosis. GA CB-
NAAT was positive in only seven out of 49 cases (14.3%). There is 
a scarcity of studies reporting GA CBNAAT findings in pediatric 
TBM, although Bang et al. [14] reported GA AFB positivity in 7% 
of patients. 

Xpert Mycobacterium tuberculosis (MTB)/RIF is an automated 
diagnostic test that can identify MTB DNA and resistance to RIF. 
For children with TBM, the specificity and sensitivity for the Xpert 
MTB/RIF test were 100% and 39%, respectively, in children [34]. 
An important advantage of Xpert MTB/RIF is that it can detect 
RIF resistance within 2 hours. Bhatia et al. [35] reported the sensi-
tivity of GeneXpert and BACTEC Culture (BD, Franklin Lakes, 
NJ, USA) as 38.25% and 14.71%, respectively, in children suspect-
ed of TBM. Nucleic acid amplification tests (NAAT) in the CSF 
are another new diagnostic tool for the detection of TBM [34]. A 
meta-analysis of 14 studies that evaluated the accuracy of NAAT in 
TBM diagnosis reported a sensitivity of 56%, a specificity of 98%, 
a negative likelihood ratio of 44, and a positive likelihood ratio of 
35.1, suggesting that NAAT may play a significant role in the con-
firmation of tuberculosis, but not in ruling out TBM [36]. The 
World Health Organization recommends the use of Xpert MTB/
RIF as the initial diagnostic test for CSF testing in children suspect-
ed of TBM. The limitations of using Xpert for the diagnosis of 
TBM include false negatives, which could lead to missed or de-
layed diagnoses, leading to poor outcomes. In our study, CSF CB-
NAAT was positive in 30.4% of patients, which is similar to what 
has been reported in studies published in various parts of the 
world. RIF resistance was seen in two out of these 14 patients 
(14.2%). In studies from Africa, RIF monoresistance was found in 
5% of pediatric TBM cases [37]. There is a paucity of literature on 
the exact prevalence of RIF resistance in children with CNS tuber-
culosis.  

Studies have shown that hydrocephalus and meningeal en-
hancement are important signs of TBM, observed in 80% and 
75% of children with TBM [38]. Neuroimaging findings such as 
hydrocephalus (communicating type), basal enhancement, and 
exudates were seen in the majority of the patients. The results of 
these parameters in this study are comparable with those done in 
the past. 

3. Management 
All patients with elevated ICT were started on medical manage-
ment. Patients who did not respond optimally to medical manage-
ment or had worsened ICT required neurosurgical intervention or 
ventilation. In our study, 11 out of 38 (29%) patients required neu-
rosurgical interventions, which is a lower rate than reported in oth-
er recent Indian studies, where neurosurgical interventions were 

required in 50% to 90% of patients with hydrocephalus [9,10]. 
This might have been due to a variable degree of elevated ICT at 
presentation, as most of the patients could be managed by medical 
management alone, while some other patients succumbed within 
hours of presentation before any neurosurgical intervention could 
be done. 

The outcomes were very poor, as 20 out of 50 (40%) patients 
with neurotuberculosis died. The proportion of mortality in TBM 
patients was higher (20/46, 43.5%), as no patient with only tuber-
culoma died. These deaths might have been due to late presenta-
tions and BMRC stage 3 TBM contributing to a higher proportion 
(one-third) of overall cases. The patients who survived were evalu-
ated for the severity of disability using the modified Rankin Scale 
at discharge. 

4. Prognosticating factors 
The factors associated with mortality were analyzed. Younger age, 
lower socioeconomic status, altered sensorium, stages 2 and 3 at 
presentation, poor Glasgow Coma Scale (GCS), abnormal pos-
ture, hydrocephalus, and the presence of basal exudates were asso-
ciated with a higher risk of mortality. The mean age of the patients 
who died was 43 months, which was significantly lower than the 
mean age of 78 months for those who survived (P = 0.007). Using 
a cutoff of 3 years for analysis, the mortality rate in those younger 
than 3 years of age was significantly higher (P = 0.007). Patients 
younger than 3 years of age were 5.1 times more likely to die. The 
higher risk of mortality at a younger age can be attributed to late 
presentations due to non-specific clinical features, as evidenced by 
the fact that all four patients below 1 year of age presented with 
stage 3 TBM and all died. Two-thirds of patients belonging to low-
er socioeconomic status families died, while the same proportion 
of patients from middle-class families survived (P = 0.031). This 
might have been due to a lack of awareness, poverty, crowding, 
malnutrition, and lack of immunization being more prevalent in 
such families. Nineteen out of 20 patients who died had altered 
sensorium at presentation, and 19 out of 40 (47.5%) patients with 
altered sensorium died (P = 0.03). The BMRC stage at admission 
was found to be a very strong predictor of mortality (P < 0.001), as 
also seen in the majority of other studies [7-10,13,14,24]. In total, 
14 out of 16 (87.5%) stage 3 patients died. The two surviving pa-
tients with BMRC stage 3 TBM had significant residual disabili-
ties, while the only patient with BMRC stage 1 TBM was dis-
charged with minimal symptoms. Twenty percent of BMRC stage 
2 patients died, and 60% of those who survived were discharged 
with minimal symptoms. 

GCS at admission was also found to be a strong predictor of 
mortality apart from the stage (P<0.001). Both the patients with a 
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GCS of less than seven died and only two out of 14 (14%) patients 
with a GCS of less than 10 could survive. Of surviving patients, the 
minimum GCS was 9. Some other studies also have shown GCS 
as an important prognostic factor [13,15]. All four patients with 
decerebrate posture died. 

Patients with hydrocephalus were much more likely to die than 
patients without hydrocephalus (P=0.007), as 50% of patients 
with hydrocephalus died versus 8% of those who did not have hy-
drocephalus. The presence of obstructive hydrocephalus imposed 
an even greater risk of mortality, as only one out of six patients with 
obstructive hydrocephalus survived. That patient was discharged 
with significant disability (modified Rankin Scale of 4) despite 
having BMRC stage 2 TBM at presentation. The other two radio-
logical findings associated with increased mortality were the pres-
ence of basal exudates (P=0.038) and periventricular ooze 
(P<0.001). Fourteen of the 26 (54%) patients with basal exudates 
died. Only three out of 18 (17%) patients with periventricular 
ooze survived. Out of the 15 patients with periventricular ooze 
who died, 12 required mechanical ventilation to control ICT. None 
of the patients with tuberculoma (with or without TBM) died 
(P=0.001). This might indicate better immunity in these patients 
and thus a better prognosis. This is further supported by the fact 
that only one patient with tuberculoma had BMRC stage 3 TBM, 
and that patient also survived despite presenting after 3 months of 
illness. 

Most other studies have shown similar findings, except for ele-
vated ICT, focal deficits, and infarcts, which have been shown to 
predict mortality and morbidity [7-10,14-16,24]. Conflicting re-
sults have been reported regarding CSF profiles [9,10,13,14]. 
Though all five patients with ATT-induced hepatitis survived, this 
might have been because most pediatric patients have been shown 
to develop this condition at or after 1 week of therapy, and most of 
the deaths in our study occurred before that [39,40]. Thus, rather 
than being a prognostic factor, ATT-induced hepatitis may have 
developed only in patients who survived long enough to develop 
it. 

Recent data regarding the clinical spectrum and outcomes of pe-
diatric extrapulmonary tuberculosis, especially TBM, from tertiary 
centers in India are limited. The clinical features of pediatric TBM 
often resemble CNS infections due to viral, bacterial, and fungal 
infections. Children often present in the late stage of the disease, 
which is associated with higher morbidity and mortality. The clini-
cal staging at presentation is a major factor determining mortality. 
Hence, a high degree of suspicion is needed for early diagnosis and 
management. Children are at high risk for neurocognitive and be-
havioral disabilities, especially if diagnosed late. 

5. Conclusion 
In children, clinical features remain inconclusive for diagnosing 
neurotuberculosis, especially TBM. Neuroimaging appears to be 
the most sensitive tool for both diagnosis and prognosis. Young 
age, lower socioeconomic status, BMRC stages 2 and 3, abnormal 
posture, hydrocephalus, and the presence of basal exudates were 
found to be associated with poor outcomes in this study. Hence, a 
high level of suspicion for neurotuberculosis in children must be 
maintained to prevent neurological morbidity, disability, and mor-
tality. 

6. Strengths 
This study has several strengths. First, this is one of the few studies 
that has been conducted on prognostic factors of pediatric TBM 
patients in India in the last decade. Second, some new prognostic 
factors, such as abnormal posture, periventricular ooze and tuber-
culoma, emerged from this study, although these findings require 
further confirmation. Third, this is one of the few studies to in-
clude GA CBNAAT in the pediatric TBM evaluation. Fourth,neu-
roimaging was found to be the most sensitive diagnostic modality 
in our study, thus highlighting the role of early neuroimaging in pe-
diatric TBM. 

7. Limitations 
A limitation of this study is that patients were only followed until 
discharge, thereby potentially underestimating the incidence of 
late-onset hepatitis and other neurocognitive deficits arising later. 
Second, this study had a small sample size. 
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