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Abstract
Background  Tuberculous meningitis (TBM) is one of the most life-threatening infectious diseases. We performed a system-
atic review and meta-analysis of the clinical features, outcomes, and prognostic factors for TBM in adults.
Methods  PubMed, EMBASE, Cochrane CENTRAL, and Web of Science were searched for studies that reported the clinical 
outcomes and/or risk factors for death in adults with TBM between January 1990 and July 2018. A random-effects meta-
analysis model was used to pool data on clinical features, outcomes, and risk factors for death.
Results  Thirty-two studies that examined 5023 adults who had TBM met the inclusion criteria. Overall, the mortality was 
22.8% [95% confidence interval (CI) 18.9–26.8] and the risk of neurological sequelae was 28.7% (95% CI 22.8–35.1). The 
major risk factors for death (OR > 2 and P < 0.05) were advanced stage of disease (OR = 6.06, 95% CI 4.31–8.53), hydro-
cephalus (OR = 5.27, 95% CI 2.25–12.37), altered consciousness (OR 3.33, 95% CI 1.51–7.36), altered sensorium (OR 3.31, 
95% CI 2.20–4.98), advanced age (> 60 years; OR = 2.64, 95% CI 1.27–5.51), and cerebral infarction (OR = 2.35, 95% CI 
1.63–3.38). The clinical features and diagnostic findings present in more than four-fifths of the patients were fever (86.3%, 
95% CI 82.4–89.8) and low CSF/serum glucose ratio (80.6%, 95% CI 64.8–92.6).
Conclusions  Adults with TBM have high rates of mortality. Clinicians should maintain a high clinical suspicion for patients 
who present with certain clinical features, and should pay more attention to prognostic factors.
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Introduction

Tuberculosis (TB) is a leading cause of death worldwide, 
and an estimated 10.0 million new TB cases occurred glob-
ally during 2017 [1]. TB commonly occurs in the lungs, 

but can also occur in other sites, including the meninges. 
Although TB meningitis (TBM) accounts for roughly 1% 
of all TB cases, it kills or disables nearly half of affected 
patients [2].

Several studies have examined the clinical features and 
outcomes of TBM in adults, and many studies have pre-
dicted outcomes based on clinical data. However, most of 
these were single-center studies, had small sample sizes, 
examined different populations, and used different diag-
nostic criteria and treatments [3, 4]. Worldwide data on the 
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clinical features, outcomes, and prognostic factors of TBM 
in adults are still inconclusive. A systematic evaluation using 
an evidence-based approach is necessary.

Thus, we conducted this systematic review and meta-
analysis of the outcomes of adults diagnosed with TBM 
from 1990 onward. Our primary aim was to report the out-
comes and identify risk factors associated with TBM, and 
to also identify the pooled frequencies of different clinical 
features.

Materials and methods

Search strategy

PubMed, EMBASE, the Cochrane Central Register of 
Controlled Trials (CENTRAL), and Web of Science were 
searched to identify all relevant publications. The literature 
search was limited to English language studies published 
between January 1990 and July 2018. Two authors (L.W 
and T.X), independently reviewed the titles and abstracts of 
all studies, and excluded those that did not meet the selec-
tion criteria. Discrepancies were resolved by discussion until 
consensus was reached.

Study selection

All eligible studies were cohort studies that examined 
patients over 14 years old, and reported clinical outcomes 
(death, neurologic sequelae, recovery) and/or prognostic fac-
tors. The eligible studies should employ the diagnostic crite-
ria dividing TBM patients into “definitive cases” and “clini-
cally suspected cases”. A definitive case had acid-fast bacilli 
in CSF, mycobacteria cultured from CSF, or a positive result 
in a mycobacterial nucleic acid amplification test. A clini-
cally suspected case had (a) clinical symptoms that were 
consistent with TBM, (b) CSF laboratory results that were 
consistent with TBM, (c) brain imaging results that were 
consistent with TBM, (d) evidence of extra-neural tubercu-
losis, (e) diagnostic tests that excluded other aetiologies, and 
(f) a clinical response to anti-tuberculous treatment. Stud-
ies were excluded if they (i) were limited to TBM patients 
with a specific comorbidity or complication or (ii) examined 
TBM patients treated with an experimental anti-TB regimen.

Data extraction

Two investigators (L.W and X.Y.Y) independently extracted 
the data, and disagreements or uncertainties were resolved 
by discussion with a third reviewer (L.J.W). Any identi-
fied errors were re-examined and corrected. The following 
data were extracted when available: general characteris-
tics (authors, publication year, study year, study design, 

geographic region); clinical features of patients (demo-
graphic data, clinical manifestations, imaging findings, cer-
ebrospinal fluid results); patient outcomes (death, neurologi-
cal sequelae, and prognostic factors).

Quality assessment

The methodological quality of the included studies was inde-
pendently assessed by two study investigators (X.Y.Y and 
T.X) using the Newcastle–Ottawa Scale (NOS) [5]. NOS 
scores are summed, and used for quantitative comparison 
of study quality, as recommended by the Cochrane Non-
Randomized Studies Methods Working Group [5]. Disagree-
ments about quality assessment were resolved by discussion 
with a third study investigator (L.J.W).

Statistical analysis

The crude frequencies of clinical features, neurological 
sequelae, and mortality from TBM were first computed for 
each study, and then double-arcsine transformed using the 
Freeman–Tukey method [6]. Heterogeneity was tested using 
Cochran’s Q statistic, and a p value below 0.1 indicated 
significant heterogeneity. The extent of heterogeneity was 
quantified using the I2 statistic [7]. Because there was sub-
stantial heterogeneity among the included studies, a random-
effects model was used to adjust for this prior to pooling the 
study-specific frequencies of clinical features, neurological 
sequelae, and mortality. For meta-analysis of mortality and 
neurological sequelae, a “leave-one-out” sensitivity analy-
sis was used to assess the robustness of the pooled results 
[8]. This procedure determines whether a single study had a 
disproportional influence on the pooled results. Publication 
bias was checked by visual inspection of funnel plots, and 
tested for significance using Egger’s regression test for fun-
nel plot asymmetry and Begg’s rank correlation test [9, 10]. 
Subgroup analysis was conducted to identify the diversity 
(heterogeneity) of the different studies in reported mortality 
due to TBM. A random-effects model was used to identify 
the risk factors for mortality. Generally, only risk factors 
that were investigated in at least three studies were used. 
All p values were two sided and a p value below 0.05 was 
considered statistically significant. All statistical analyses 
were performed using STATA version 14.0 (STATA, Col-
lege Station, TX).

Results

Study selection process and results

Figure 1 shows the study selection process and the results of 
the literature search. We screened 2569 articles by reading 
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the titles and abstracts, and assessed 107 articles in full-text 
form. After detailed assessments, we determined that 32 
publications met the eligibility criteria. Twenty-nine stud-
ies provided data on mortality from TBM, and 21 reported 
prognostic factors for TBM.

Study characteristics

Table 1 summarizes the characteristics of the 32 studies. 
There were six prospective cohort studies and 26 retrospec-
tive cohort studies. Twenty-seven publications were single-
center studies, and five were multicenter studies. Two studies 
were conducted in African, three in the Americas, two in the 

Eastern Mediterranean, six in Europe, seven in Southeast 
Asia, and 11 in the Western Pacific; the other study included 
patients from Europe, Africa, and the Eastern Mediterra-
nean (Fig. 2). Thus, data on outcomes and risk factors for 
death had a worldwide coverage. Overall, there were 5023 
patients, 57.9% of patients were male, and the mean age was 
38.3 years (range 14–85).

Clinical features of patients

Table 2 summarizes the clinical data provided by the 32 
studies. The most common symptoms were fever [86.3%, 
95% confidence interval (CI) 82.4–89.8] and headache 

Fig. 1   Literature search and 
selection of TBM studies for the 
meta-analysis
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Table 1   Characteristics of studies included in the meta-analysis

First author, year Location Type of study Number of 
Patients (n)

Mean age (years) Reported risk factors of mortal-
ity

Qual-
ity 
scorea

Roj as-Echeverri et al. 1996 Mexico Prospective cohort 24 Not reported Not reported 8
Hosoglu et al. 1998 Turkey Retrospective cohort 101 30.6 Advanced stageb 8
Karstaedt et al. 1998 South Africa Retrospective cohort 56 Not reported Age, advanced stage 6
Lu et al. 2001 China Retrospective cohort 36 Not reported Age, cerebral infarction, cranial 

nerve palsy, fever, headache, 
hydrocephalus, gender, sei-
zure, advanced stage

7

Hosoglu et al. 2002 Turkey Retrospective cohort 434 32.8 Altered consciousness, cranial 
nerve palsy, extra-cerebral 
TB, gender, seizure, advanced 
stage

7

Thwaites et al. 2002 Vietnam Retrospective cohort 56 Not reported Advanced stage 7
Chan et al. 2003 China Prospective cohort 31 Not reported Hydrocephalus 9
Sütlas et al. 2003 Turkey Retrospective cohort 61 34.5 Not reported 6
AL-Edrus et al. 2007 Malaysia Retrospective cohort 42 34.4 Advanced stage 8
Roca et al. 2008 Spain Retrospective cohort 29 40.1 Not reported 7
Jau-Jiuan Sheu et al. 2009 China Retrospective cohort 105 Not reported Not reported 7
Chou et al. 2009 China Retrospective cohort 43 Not reported Not reported 7
Po-Chang Hsu et al. 2010 China Retrospective cohort 108 54.9 Age, altered consciousness, 

cerebral infarction, definite 
TBM, extra-cerebral TB, 
fever, neck rigidity, advanced 
stage

8

Yasar et al. 2010 Turkey Retrospective cohort 160 32.2 Alter sensorium, cerebral 
infarction, extra-cerebral 
TB, hydrocephalus, gender, 
seizure, advanced stage

7

Pawan Sharma et al. 2011 India Retrospective cohort 158 32.0 Cranial nerve palsy 9
Ersöz et al. 2012 Turkey Retrospective cohort 60 30.1 Not reported 7
Elizabeth Litta George et al. 

2012
India Retrospective cohort 98 Not reported Cerebral infarctions, headache, 

hydrocephalus, advanced 
stage

7

Fernando Alarcón et al. 2012 Ecuador Retrospective cohort 310 34.5 Altered consciousness, cerebral 
infarction, cranial nerve palsy, 
hydrocephalus, limb weak-
ness, neck rigidity, seizure, 
advanced stage

7

Tushar Raut et al. 2012 India Prospective cohort 80 30.1 Hydrocephalus 8
Chen et al. 2014 China Retrospective cohort 38 56.5 Cerebral infarction 8
Kannikar Kongbunkiat et al. 

2014
Thailand Retrospective cohort 25 48.4 Not reported 7

Mohammad Wasay et al. 2014 Pakistan Retrospective cohort 404 42.8 Cerebral infarction, hydro-
cephalus

8

Hakan Erdem et al. 2015 Albania et al Retrospective cohort 507 37.7 Not reported 7
Jin Gu et al. 2015 China Retrospective cohort 156 32.9 Definite TBM 8
Yahia et al. 2015 Qatar Retrospective cohort 80 30.3 Alter sensorium, cranial nerve 

palsy, fever, headache, limb 
weakness, gender, seizure, 
advanced stage

7

Anurag Kumar Singh et al. 
2016

India Prospective cohort 141 29.7 Not reported 8
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(78.8%, 95% CI 72.0–84.9), followed by altered con-
sciousness (60.8%, 95% CI 55.2–66.3) and vomiting 
(59.0%, 95% CI 51.8–66.0). The most common clinical 
finding was neck rigidity (71.5%, 95% CI 63.8–78.7), fol-
lowed by cranial nerve palsy (28.2%, 95% CI 22.1–34.7), 
and limb weakness (23.1%, 95% CI 17.0–29.8). Cer-
ebrospinal fluid (CSF) results indicated significantly 
elevated white blood cell (WBC) counts (> 100 × 106/L) 
in 69.7% of patients (95% CI 57.5–80.6), high protein 
(> 100 mg/dL) in 68.9% of patients (95% CI 59.7–77.4), 
high pressure (> 200 mmH2O) in 63.6% of patients (95% 
CI 31.7–90.0), and low glucose (< 2.2 mmol/L) in 57.4% 
of patients (95% CI 33.9–79.3). There were large ranges 
of positive results from the CSF acid-fast bacilli smears 
(0–39.5%), cultures (9.9–80.7%), and nucleic acid ampli-
fication tests (10.0–67.5%). The most common imaging 
features were hydrocephalus (38.1%, 95% CI 32.8–43.5), 
cerebral infarction (22.7%, 95% CI 18.4–27.3), and 
tuberculoma (22.5%, 95% CI 16.2–29.5). In addition, 
11 studies [11–21] reported the duration of symptoms 
before admission, and this ranged from 1–120 days. Four 
of these 11 studies [15, 17, 18, 20] reported symptoms 
lasting longer than 2 weeks before treatment in 37.9% 
(121/319) of these patients.

Mortality and risk of neurological sequelae

The pooled mortality from TBM was 22.8% (95% CI 
18.9–26.8) and the pooled risk of neurological sequelae 
was 28.7% (95% CI 22.8–35.1) (Fig. 3). The “leave-one-out” 
sensitivity analysis (Online Supplementary Fig. 1.1–1.2) 
indicated the pooled mortality ranged from 21.4% (95% CI 
18.0–25.9) to 23.6% (95% CI 19.7–27.6), and the pooled 
risk of neurological sequelae ranged from 26.5% (95% CI 
21.6–31.7) to 30.0% (95% CI 23.9–36.4). Thus, no single 
study had a disproportional effect on the pooled results. Pub-
lication bias was not significant, based on visual inspection 
of funnel plots and the results of Begg’s test and Egger’s test 
(Online Supplementary Fig. 2.1–2.2).

Subgroup meta‑analysis of mortality

Table 3 summarizes the results of the subgroup meta-anal-
ysis of mortality. We determined region-specific mortality 
for TBM in the Western Pacific, Southeast Asia, the Eastern 
Mediterranean, the Americas, Africa, and Europe. Patients 
living in Africa (45.6%) had higher mortality than those in 
all other areas (15.4–26.4%). The follow-up time-specific 
mortality from TBM was 18.2% for the first 3 months, and 

Table 1   (continued)

First author, year Location Type of study Number of 
Patients (n)

Mean age (years) Reported risk factors of mortal-
ity

Qual-
ity 
scorea

Renu Gupta et al. 2016 India Prospective cohort 391 27.8 Alter sensorium, definite TBM, 
cranial nerve palsy, extra-
cerebral TB, fever, limb weak-
ness, gender, neck rigidity, 
seizure, advanced stage

8

Hai-Jun Huang et al. 2017 China Retrospective cohort 45 46.0 Not reported 8
Kunyi Li et al. 2017 China Retrospective cohort 154 40.8 Age, altered consciousness, 

cerebral infarction, definite 
TBM, cranial nerve palsy, 
extra-cerebral TB, fever, head-
ache, hydrocephalus, limb 
weakness, gender, neck rigid-
ity, seizure, advanced stage

8

Alexander E. Merkler et al. 
2017

America Retrospective cohort 806 50.7 Not reported 8

Modi et al. 2017 India Prospective cohort 209 30.4 Alter sensorium, altered con-
sciousness, fever, hydrocepha-
lus, advanced stage

8

Mihaja Raberahona et al. 2017 Madagascar Retrospective cohort 75 35.4 Altered consciousness, cranial 
nerve palsy, gender, neck 
rigidity, seizure

7

a Quality score according to the Newcastle–Ottawa Scale; badvanced stage was defined as Medical Research Council stage 3



3014	 Journal of Neurology (2019) 266:3009–3021

1 3

Fig. 2   Locations of TBM studies that provided data on mortality and/or neurologic sequelae (a) and predictors of mortality (b)
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Table 2   Clinical manifestations 
and diagnostic findings at 
admission

Number 
of studies

Number 
of patients 
reporting

Proportion Heterogeneity

(95% CI) P I2,% P

Demographics
 Sex/male 31 4917 57.9 (55.0–60.8)  < 0.001 70.7  < 0.001
 Extra-cerebral TB 15 1896 44.9 (35.3–54.6)  < 0.001 93.9  < 0.001
 Family history 6 1001 22.3 (7.7–41.7)  < 0.001 97.5  < 0.001
 Immunosuppressiona 15 1951 17.5 (12.3–23.4)  < 0.001 88.5  < 0.001
 BCG vaccination 4 1014 35.8 (25.6–46.8)  < 0.001 90.6  < 0.001

HIV infection 23 3138 5.2 (2.0–9.5)  < 0.001 94.6  < 0.001
Clinical manifestations
 Headache 23 3055 78.8 (72.0–84.9)  < 0.001 94.4  < 0.001
 Fever 23 3062 86.3 (82.4–89.8)  < 0.001 87.1  < 0.001
 Neck rigidity 24 3379 71.5 (63.8–78.7)  < 0.001 95.4  < 0.001
 Vomiting 16 2651 59.0 (51.8–66.0)  < 0.001 92.2  < 0.001
 Altered consciousness 16 2723 60.8 (55.2–66.3)  < 0.001 87.2  < 0.001
 Change in personality 6 591 25.8 (14.7–38.7)  < 0.001 90.7  < 0.001
 Anorexia 3 744 59.0 (51.0–66.9)  < 0.001 76.2 0.020
 Night sweats 5 1037 31.6 (22.7–41.3)  < 0.001 89.8  < 0.001
 Weight loss 7 1213 26.4 (18.5–35.2)  < 0.001 90.2  < 0.001
 Cranial nerve palsy 21 3092 28.2 (22.1–34.7)  < 0.001 92.7  < 0.001
 Limb weakness 16 3221 23.1 (17.0–29.8)  < 0.001 94.3  < 0.001
 Alter sensorium 7 1219 47.4 (40.7–54.2)  < 0.001 81.4  < 0.001
 Vision impairment 6 1310 17.3 (9.7–26.5)  < 0.001 90.8  < 0.001
 Diplopia 5 648 31.0 (16.7–47.5)  < 0.001 94.5  < 0.001
 Ataxia 5 930 4.9 (2.2–8.5)  < 0.001 67.1 0.020
 Seizure 22 4299 18.1 (14.0–22.6)  < 0.001 91.7  < 0.001
 SIADH 4 559 13.9 (2.6–31.3)  < 0.001 91.8  < 0.001
 Myelitis 5 180 7.9 (4.1–12.6)  < 0.001 0.0 0.560

TBM gradeb

 Stage I 25 3555 26.6 (22.4–30.9)  < 0.001 86.3  < 0.001
 Stage II 25 3585 47.3 (43.2–51.4)  < 0.001 81.4  < 0.001
 Stage III 27 4074 26.4 (19.2–34.3)  < 0.001 96.5  < 0.001

Imaging findingsc

 Hydrocephalus 28 3280 38.1 (32.8–43.5)  < 0.001 88.6  < 0.001
 Cerebral infarction 25 3428 22.7 (18.4–27.3)  < 0.001 87.4  < 0.001
 Tuberculoma 21 2975 22.5 (16.2–29.5)  < 0.001 94.3  < 0.001
 Cerebral edema 8 1364 20.4 (15.4–25.9)  < 0.001 80.9  < 0.001
 Leptomeningeal enhancement 13 1266 43.3 (28.3–58.9)  < 0.001 96.6  < 0.001
 Basal enhancement 17 2211 28.5 (18.6–39.6)  < 0.001 96.4  < 0.001
 Arachnoiditis 3 274 5.5 (1.2–12.2)  < 0.001 72.4 0.030
 Vasculitis 3 681 7.1 (1.3–16.5)  < 0.001 89.2  < 0.001
 Abscess 5 1037 3.1 (1.6–5.0)  < 0.001 39.3 0.160
 Abnormal chest X-ray 10 1084 53.2 (42.1–64.2)  < 0.001 91.7  < 0.001

CSF and other laboratory results
 CSF protein > 100 mg/dL 5 780 68.9 (59.7–77.4)  < 0.001 83.4  < 0.001
 CSF WBC > 100 × 106/L 6 1032 69.7 (57.5–80.6)  < 0.001 93.6  < 0.001
 Lymphocyte-predominant CSF 8 1193 72.1 (60.4–82.5)  < 0.001 94.0  < 0.001
 CSF glucose < 2.2 mmol/L 4 745 57.4 (33.9–79.3)  < 0.001 97.1  < 0.001
 CSF pressure > 200 mmH2O 3 371 63.6 (31.7–90.0)  < 0.001 97.3  < 0.001
 Low CSF/serum glucose ratio 3 395 80.6 (64.8–92.6)  < 0.001 91.5  < 0.001
 Positive CSF smear 17 2180 9.0 (4.1–15.3)  < 0.001 94.4  < 0.001
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24.7% for 3–9 months (similar to the death rate at more than 
9 months). Two studies reported the causes of mortality [22, 
23], and both reported the leading cause was elevated intrac-
ranial pressure (36/54).

Predictors of mortality

A total of 21 studies described factors associated with 
death from TBM (Table 4). These prognostic indicators 
were advanced age (> 60 years; odds ratio [OR] = 2.64, 
95% CI 1.27–5.51), extra-cerebral TB (OR = 1.53, 95% 
CI 1.13–2.08), headache (OR = 0.33, 95% CI 0.17–0.65), 
altered consciousness (OR = 3.33, 95% CI 1.51–7.36), 
altered sensorium (OR = 3.31, 95% CI 2.20–4.98), hydro-
cephalus (OR = 5.27, 95% CI 2.25–12.37), cerebral infarc-
tion (OR = 2.35, 95% CI 1.63–3.38), and advanced stage 
of disease (OR = 6.06, 95% CI 4.31–8.53). Supplementary 
Fig. 3 shows forest plots for each of these risk factors.

Discussion

TBM is a life-threatening infectious disease worldwide, but 
there are limited data regarding the outcomes of patients 
with this disease. The present systematic review and meta-
analysis provides comprehensive worldwide estimates of 
the outcomes and prognostic factors of TBM. Our meta-
analysis of all available data on the outcomes of adults with 
TBM from 1990 onwards estimated that the pooled mortal-
ity of TBM was about 20%. Our subgroup meta-analysis 
indicated higher mortality for patients living in Africa than 
other areas, possibly because of the low level of economic 
development, limited access to health care, high prevalence 
of HIV/AIDS co-infection, and the growing problem of 
mycobacterial drug resistance in Africa [24]. However, only 
two studies reported the outcomes of patients with TBM 
in Africa, and these were retrospective cohort studies with 

small sample sizes and short follow-up times [21, 25]. Fur-
ther high-quality prognostic studies that measure outcomes 
are needed to guide clinical interventions for TBM in Africa.

Our analysis of the follow-up time-specific mortality of 
TBM indicated that most deaths occurred during the first 
3 months. This finding stresses the importance of early diag-
nosis and treatment, the most important factors affecting 
outcome [2]. We found that more than one-third of patients 
had symptoms longer than 2 weeks before admission. This 
emphasizes the need to educate primary care physicians so 
they maintain a high index of suspicion for TBM and per-
form rapid and specific diagnostic tests for this disease.

The CSF microbiological confirmatory examinations 
for M. tuberculosis include microscopy of acid-fast bacil-
lus, cultures, and a nucleic acid amplification test (NAAT). 
Microscopy has low sensitivity, cultures have high sensitiv-
ity but are too slow for clinical decision-making, and NAAT 
has high sensitivity but is often unavailable in poor areas. 
Thus, the diagnosis of TBM remains a major clinical chal-
lenge, and there is great need for a rapid, sensitive, and 
simple diagnostic test [26]. Until such a test becomes avail-
able, clinicians should maintain high clinical suspicion for 
this disease, based on clinical data, routine CSF analysis, 
and neuroimaging signs, and should begin empirical treat-
ment without waiting for confirmatory test results. The most 
common symptoms and diagnostic findings in our study 
were fever, headache, neck rigidity, lymphocyte-predomi-
nant CSF, and low CSF/serum glucose ratio.

The difficulty of early diagnosis and the high rates of 
death and disability from TBM emphasize the impor-
tance of prevention. We found that only one-third of 
the patients in the included studies received BCG vac-
cinations. Although BCG vaccination can reduce the 
incidence of TBM meningitis in children [27], its effect 
in adults remains uncertain. However, a recent study 
demonstrated the long-term efficacy of BCG vaccina-
tion against TB in general [28]. Our study found that an 

Table 2   (continued) Number 
of studies

Number 
of patients 
reporting

Proportion Heterogeneity

(95% CI) P I2,% P

 Positive CSF culture 21 2531 34.8 (23.8–46.7)  < 0.001 97.1  < 0.001
 Positive NAAT result 16 1535 39.3 (26.6–52.7)  < 0.001 95.7  < 0.001
 Elevated ESR 3 616 63.3 (48.0–77.3)  < 0.001 91.3  < 0.001
 Positive PPD skin test 3 315 37.3 (28.8–46.3)  < 0.001 51.5 0.127

CSF cerebrospinal fluid, WBC white blood cell, ESR erythrocyte sedimentation rate, BCG Bacillus Cal-
mette–Guerin, NAAT​ nucleic acid amplification test, SIADH syndrome of inappropriate secretion of anti-
diuretic hormone, PPD purified protein derivative
a Patients taking corticosteroids, immunosuppressants, or suffering from diabetes mellitus, alcoholism, 
malignancy, HIV infection, or other immunodeficiency disorders
b TBM grade was defined by the British Medical Research Council
c Detected by computed tomography or magnetic resonance imaging
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Fig. 3   Risk of death (a) and neurological sequelae (b) in studies of TBM
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Table 3   Subgroup analyses of 
mortality from TBM

ES effect size
a Mixed regions included Europe, Africa, Eastern Mediterranean

Subgroups Categories Studies (n) ES (95% CI) Hetero-
geneity I2 
(%)

Location Americas 3 20.0 (17.6–22.6) 4.5
Africa 2 45.6 (37.1–54.2) 95.7
Eastern Mediterranean 2 15.4 (12.3–18.8) 91,0
Western Pacific 10 21.0 (13.8–29.3) 84.5
Europe 6 26.4 (16.4–37.3) 89.2
Southeast Asia 5 23.3 (14.2–33.9) 91.6
Mixed regionsa 1 17.0 (13.8–20.5) –

Sex Male 7 18.3 (12.2–25.4) 77.6
Female 7 18.4 (15.2–21.7) 0.0

Diagnosis Definitive 4 36.1 (16.4–58.4) 92.1
Clinically suspected 4 21.0 (16.1–26.3) 33.6

Follow-up time 0–3 months 15 18.2 (13.1–23.9) 91.5
3–9 months 9 24.7 (17.9–32.2) 90.8
9 months–8 years 9 24.6 (19.0–30.7) 82.3

Study type Prospective cohort 5 20.9 (11.4–32.3) 88.6
Retrospective cohort 24 23.1 (18.8–27.7) 89.6

Table 4   Predictors of mortality 
from TBM

a Detected by computed tomography or magnetic resonance imaging

Systematic review and/or meta-analysis

Number Odds ratio Heterogeneity

Risk Factor Studies Patients (n) Model (95% CI) P value I2,% P value

Demographics characteristics
 Age > 60 years 4 340 Random 2.64 (1.27–5.51) 0.009 27.7 0.246
 Male 7 1316 Random 1.07 (0.81–1.42) 0.623 0.0 0.723
 Extra-cerebral TB 5 1233 Random 1.53 (1.13–2.08) 0.006 0.0 0.789
 Definite TBM 4 795 Random 2.00 (1.02–3.91) 0.043 65.8 0.032
 TBM grade
  Stage I 12 1639 Random 0.22 (0.14–0.35) < 0.001 19.6 0.251
  Stage II 12 1639 Random 0.62 (0.37–1.04) 0.070 73.8 < 0.001
  Stage III 14 2129 Random 6.06 (4.31–8.53) < 0.001 29.9 0.138

Clinical manifestations
 Headache 4 354 Random 0.33 (0.17–0.65) 0.002 0.0 0.607
 Fever 6 964 Random 0.72 (0.47–1.11) 0.138 0.0 0.519
 Neck rigidity 5 1024 Random 1.91 (0.64–5.69) 0.248 83.0 < 0.001
 Altered consciousness 6 1276 Random 3.33 (1.51–7.36) 0.003 80.6 < 0.001
 Cranial nerve palsy 8 1624 Random 1.55 (0.74–3.25) 0.249 75.6 < 0.001
 Limb weakness 4 921 Random 3.15 (0.96–10.35) 0.059 84.6 < 0.001
 Alter sensorium 4 840 Random 3.31 (2.20–4.98) < 0.001 0.0 0.615
 Seizure 8 1626 Random 1.29 (0.73–2.26) 0.380 55.9 0.026

Image findingsa

 Hydrocephalus 8 1259 Random 5.27 (2.25–12.37) < 0.001 79.3 < 0.001
 Cerebral infarction 8 1279 Random 2.35 (1.63–3.38) < 0.001 17.0 0.296
 Tuberculoma 6 1245 Random 0.94 (0.41–2.14) 0.874 81.7 < 0.001
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immunocompromised state, including HIV coinfection, 
occurred in nearly one-fifth of patients. An immunocom-
promised state could reduce the immune response to M. 
tuberculosis, and TBM patients who are immunocompro-
mised have increased morbidity and mortality [29, 30]. 
Active interventions for patients who are immunocompro-
mised and enhancement of their immune systems may help 
prevent or treat TBM.

Our results indicated the risk factors associated with 
death from TBM were advanced stage of disease and certain 
demographic characteristics (advanced age, extra-cerebral 
TB, definite TBM), clinical features (absence of headache, 
altered consciousness, altered sensorium), and imaging 
findings (hydrocephalus, cerebral infarction). The British 
Medical Research Council (BMRC) staging of TBM only 
considers clinical manifestations, including neurological 
signs and state of consciousness, and clinicians have used 
this system to assess the severity and prognosis of TBM 
since 1948 [31]. Unsurprisingly, we found that advanced-
stage disease is strong prognostic factor, in that it is associ-
ated with a sixfold increased risk of mortality. In addition 
to advanced stage, we also found that extra-cerebral TB and 
definite TBM (which indicates a higher microbial load and 
a more serious condition) are associated with mortality. The 
greater mortality in older patients could be explained by 
their poorer natural defense mechanisms and the presence of 
more comorbidities. A surprising result was that absence of 
headache was associated with greater mortality; this could 
be because absence of headache could delay the diagnosis, 
or it could be simply be because coma patients who have 
advanced disease cannot complain of headaches.

Hydrocephalus occurred in nearly two-fifths of our TBM 
patients, and a patient with hydrocephalus had an approxi-
mately fivefold greater probability of death. Thus, appro-
priate management of hydrocephalus is essential. Hydro-
cephalus can be communicating or non-communicating. 
Communicating hydrocephalus is more common and can 
respond to medical therapy; however, for those who fail 
medical therapy, rapid intervention is required. For non-
communicating hydrocephalus, prompt surgery is required 
to improve outcome [32]. The main challenge for surgeons 
is the selection of patients for ventriculo-peritoneal shunting 
(VPS) or endoscopic third ventriculostomy (ETV). Further 
research is needed to determine the indications and efficacies 
of these two procedures [3, 33].

Cerebral infarction occurred in one-fifth of our patients, 
and was associated with an approximately twofold increased 
risk of death. A recent randomized trial of HIV-uninfected 
adults who had TBM suggested that aspirin reduces new 
infarcts and stroke-associated deaths because of its anti-
thrombotic and anti-inflammatory effects [34]. Further large-
scale randomized trials are needed to confirm the safety and 
efficacy of long-term aspirin use in these patients.

Only two of the studies that we examined reported causes 
of death, and they both indicated that elevated intracranial 
pressure (ICP) was the major cause. Hydrocephalus is the 
most common cause of raised ICP, in addition, metabolic 
abnormalities, such as hyponatremia, hyperthermia, and 
hypercapnia, could cause cerebral edema and elevated 
intracranial pressure. Thus, close clinical monitoring of 
TBM patients should include correction of abnormalities in 
gas exchange and tissue oxygenation, precise fluid and elec-
trolyte management, and adequate temperature control [33]. 
Systemic complications, such as sepsis and pneumonia, were 
responsible for nearly one-third of all deaths in the included 
studies, and these could be considered as potentially prevent-
able. However, very few studies examined the association of 
systematic complications with outcomes, so future studies 
are needed for this important topic.

Study heterogeneity is a major limitation of our results. 
This is because we included many different types of studies 
that examined different populations, used different imaging 
methods and anti-TB treatments, and had different follow-up 
times. In addition, the diagnostic criteria of TBM and the 
definitions of some clinical manifestations were not stand-
ardized among the included studies. Although we performed 
subgroup analyses to identify the sources of heterogeneity, 
significant heterogeneity remained after this analysis. Sec-
ond, although we included 32 studies in our meta-analysis, 
there were usually no more than five studies that exam-
ined any individual risk factor, thus limiting our statistical 
power to detect publication bias. Third, we did not assess 
the prognostic factors for neurological sequelae, because the 
definition of disability was not uniform among the included 
studies and because there was no inter-observer reproduc-
ibility. Fourth, the included studies had very limited data 
on the causes of death, thus indicating the need for more 
prospective studies and further detailed analysis. Fifth, the 
included studies had very limited focus on some “candidate 
prognostic factors”, and we could not assess these factors.

Conclusion

Our systematic review and meta-analysis examined the 
clinical characteristics, outcomes, and prognostic factors of 
adults with TBM. The results indicate high rates of mortality 
and disability from TBM in adults. Because CSF micro-
biological confirmatory examination has low sensitivity, 
clinicians should maintain a high clinical suspicion for this 
disease based on the clinical features identified in the pre-
sent study. High-quality prospective studies are needed to 
assess the impact of different interventions that focus on 
prognostic factors.

Acknowledgements  None.



3020	 Journal of Neurology (2019) 266:3009–3021

1 3

Author contributions  KYL, MLL and LW had the idea for the study 
and analyzed the data. LW, TX, XYY and LJW collected the data. All 
authors drafted and revised the paper, and approved the final version.

Funding  None.

Compliance with ethical standards 

Conflicts of interest  None.

Ethical approval  This article does not contain any studies with human 
participants performed by any of the authors.

References 

	 1.	 Organization WH. Global tuberculosis report 2018. Available at: 
https​://apps.who.int/iris/bitst​ream/handl​e/10665​/27445​3/97892​
41565​646-eng.pdf?ua=1

	 2.	 Thwaites GE, van Toorn R, Schoeman J (2013) Tuberculous 
meningitis: more questions, still too few answers. Lancet Neurol 
12(10):999–1010

	 3.	 Wilkinson RJ, Rohlwink U, Misra UK et al (2017) Tuberculous 
meningitis. Nat Rev Neurol 13(10):581–598

	 4.	 Brancusi F, Farrar J, Heemskerk D (2012) Tuberculous meningitis 
in adults: a review of a decade of developments focusing on prog-
nostic factors for outcome. Future Microbiol 7(9):1101–1116

	 5.	 Stang A (2010) Critical evaluation of the Newcastle–Ottawa scale 
for the assessment of the quality of nonrandomized studies in 
meta-analyses. Eur J Epidemiol 25(9):603–605

	 6.	 Miller JJ (1978) The inverse of the Freeman–Tukey double arcsine 
transformation. Am Stat 32(4):138

	 7.	 Higgins JP, Thompson SG (2002) Quantifying heterogeneity in a 
meta-analysis. Stat Med 21(11):1539–1558

	 8.	 Wallace BC, Schmid CH, Lau J, Trikalinos TA (2009) Meta-
analyst: software for meta-analysis of binary, continuous and 
diagnostic data. BMC Med Res Methodol 9(1):80

	 9.	 Egger M, Smith GD, Schneider M, Minder C (1997) Bias in 
meta-analysis detected by a simple, graphical test. BMJ Br Med J 
315(7109):629–634

	10.	 Begg CB, Mazumdar M (1994) Operating characteristics of a rank 
correlation test for publication bias. Biometrics 50(4):1088–1101

	11.	 Hosoglu S, Ayaz C, Geyik MF, Kokoglu OF, Ceviz A (1998) 
Tuberculous meningitis in adults: an eleven-year review. Int J 
Tuberc Lung Dis 2(7):553–557

	12.	 Roca B, Tornador N, Tornador E (2008) Presentation and outcome 
of tuberculous meningitis in adults in the province of Castellon, 
Spain: a retrospective study. Epidemiol Infect 136(11):1455–1462

	13.	 Sheu JJ, Yuan RY, Yang CC (2009) Predictors for outcome and 
treatment delay in patients with tuberculous meningitis. Am J Med 
Sci 338(2):134–139

	14.	 Yasar KK, Pehlivanoglu F, Sengoz G (2010) Predictors of mortal-
ity in tuberculous meningitis: a multivariate analysis of 160 cases. 
Int J Tuberc Lung Dis 14(10):1330–1335

	15.	 Ersoz M, Yildirmak MT, Gedik H et al (2012) Tuberculous menin-
gitis: a report of 60 adult cases. West Indian Med J 61(6):592–597

	16.	 Alarcon F, Moreira J, Rivera J, Salinas R, Duenas G, Van den 
Ende J (2013) Tuberculous meningitis: do modern diagnostic tools 
offer better prognosis prediction? Indian J Tuberc 60(1):5–14

	17.	 Kongbunkiat K, Deesomsak M, Sawanyawisuth K, Chotmong-
kol V, Tiamkao S (2014) Clinical factors predictive of functional 
outcomes in tuberculous meningitis. Southeast Asian J Trop Med 
Public Health 45(5):1114–1118

	18.	 Imam YZ, Ahmedullah HS, Akhtar N et al (2015) Adult tuber-
culous meningitis in Qatar: a descriptive retrospective study 
from its referral center. Eur Neurol 73(1–2):90–97

	19.	 Huang HJ, Ren ZZ, Dai YN et al (2017) Old age and hydro-
cephalus are associated with poor prognosis in patients with 
tuberculous meningitis: a retrospective study in a Chinese adult 
population. Medicine (Baltimore) 96(26):e7370

	20.	 Li K, Tang H, Yang Y et al (2017) Clinical features, long-term 
clinical outcomes, and prognostic factors of tuberculous menin-
gitis in West China: a multivariate analysis of 154 adults. Expert 
Rev Anti Infect Ther 15(6):629–635

	21.	 Raberahona M, Rakotoarivelo RA, Razafinambinintsoa T, 
Andrianasolo RL, Randria MJ (2017) Clinical features and 
outcome in adult cases of tuberculous meningitis in tertiary 
care hospital in Antananarivo. Madagascar Biomed Res Int 
2017:9316589

	22.	 Hosoglu S, Geyik MF, Balik I et al (2002) Predictors of outcome 
in patients with tuberculous meningitis. Int J Tuberc Lung Dis 
6(1):64–70

	23.	 Al-Edrus SA, Sobrimuda, Nordiyana M, Merican JS (2007) 
Tuberculous meningitis: neuroimaging features, clinical staging 
and outcome. J Neuroradiol 20(5): 517.

	24.	 Kirigia JM, Muthuri RD (2016) Productivity losses associated 
with tuberculosis deaths in the World Health Organization African 
region. Infect Dis Poverty 5(1):43

	25.	 Karstaedt AS, Valtchanova S, Barriere R, Crewe-Brown HH 
(1998) Tuberculous meningitis in South African urban adults. 
QJM 91(11):743–747

	26.	 Mai NT, Thwaites GE (2017) Recent advances in the diagnosis 
and management of tuberculous meningitis. Curr Opin Infect Dis 
30(1):123–128

	27.	 Trunz BB, Fine P, Dye C (2006) Effect of BCG vaccination on 
childhood tuberculous meningitis and miliary tuberculosis world-
wide: a meta-analysis and assessment of cost-effectiveness. Lancet 
367(9517):1173–1180

	28.	 Nguipdop-Djomo P, Heldal E, Rodrigues LC, Abubakar I, Mang-
tani P (2016) Duration of BCG protection against tuberculosis and 
change in effectiveness with time since vaccination in Norway: 
a retrospective population-based cohort study. Lancet Infect Dis 
16(2):219–226

	29.	 Erdem H, Ozturk-Engin D, Tireli H et al (2015) Hamsi scoring in 
the prediction of unfavorable outcomes from tuberculous menin-
gitis: results of Haydarpasa-II study. J Neurol 262(4):890–898

	30.	 Sonneville R, Magalhaes E, Meyfroidt G (2017) Central nervous 
system infections in immunocompromised patients. Curr Opin 
Crit Care 23(2):128–133

	31.	 Streptomycin in Tuberculosis Trials Commitee MRCJL (1948) 
STREPTOMYCIN treatment of tuberculous meningitis. Lancet 
251(6503):582–596

	32.	 Davis A, Meintjes G, Wilkinson RJ (2018) Treatment of tubercu-
lous meningitis and its complications in adults. Curr Treat Options 
Neurol 20(3):5

	33.	 Rajshekhar V (2015) Surgery for brain tuberculosis: a review. 
Acta Neurochir 157(10):1665–1678

	34.	 Kalantri A, Kalantri S (2018) Can aspirin help? Elife 7
	35.	 Rojas-Echeverri LA, Soto-Hernandez JL, Garza S et al (1996) 

Predictive value of digital subtraction angiography in patients 
with tuberculous meningitis. Neuroradiology 38(1):20–24

	36.	 Lu CH, Chang WN, Chang HW (2001) The prognostic factors of 
adult tuberculous meningitis. Infection 29(6):299–304

	37.	 Thwaites GE, Chau TT, Caws M et al (2002) Isoniazid resistance, 
mycobacterial genotype and outcome in Vietnamese adults with 
tuberculous meningitis. Int J Tuberc Lung Dis 6(10):865–871

	38.	 Chan KH, Cheung RT, Fong CY, Tsang KL, Mak W, Ho SL 
(2003) Clinical relevance of hydrocephalus as a presenting feature 
of tuberculous meningitis. QJM 96(9):643–648

https://apps.who.int/iris/bitstream/handle/10665/274453/9789241565646-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/274453/9789241565646-eng.pdf?ua=1


3021Journal of Neurology (2019) 266:3009–3021	

1 3

	39.	 Sutlas PN, Unal A, Forta H, Senol S, Kirbas D (2003) Tuberculous 
meningitis in adults: review of 61 cases. Infection 31(6):387–391

	40.	 Chou CH, Lin GM, Ku CH, Chang FY (2010) Comparison of 
the APACHE II, GCS and MRC scores in predicting outcomes 
in patients with tuberculous meningitis. Int J Tuberc Lung Dis 
14(1):86–92

	41.	 Hsu PC, Yang CC, Ye JJ, Huang PY, Chiang PC, Lee MH (2010) 
Prognostic factors of tuberculous meningitis in adults: a 6-year 
retrospective study at a tertiary hospital in northern Taiwan. J 
Microbiol Immunol Infect 43(2):111–118

	42.	 Sharma P, Garg RK, Verma R, Singh MK, Shukla R (2011) Inci-
dence, predictors and prognostic value of cranial nerve involve-
ment in patients with tuberculous meningitis: a retrospective 
evaluation. Eur J Intern Med 22(3):289–295

	43.	 George EL, Iype T, Cherian A et al (2012) Predictors of mortality 
in patients with meningeal tuberculosis. Neurol India 60(1):18–22

	44.	 Raut T, Garg RK, Jain A et al (2013) Hydrocephalus in tubercu-
lous meningitis: Incidence, its predictive factors and impact on 
the prognosis. J Infect 66(4):330–337

	45.	 Chen CH, Chang YJ, Sy HN, Chen WL, Yen HC (2014) Risk 
assessment of the outcome for cerebral infarction in tuberculous 
meningitis. Rev Neurol (Paris) 170(8–9):512–519

	46.	 Wasay M, Farooq S, Khowaja ZA et al (2014) Cerebral infarc-
tion and tuberculoma in central nervous system tuberculosis: 
frequency and prognostic implications. J Neurol Neurosurg Psy-
chiatry 85(11):1260–1264

	47.	 Gu J, Xiao H, Wu F, Ge Y, Ma J, Sun W (2015) Prognostic factors 
of tuberculous meningitis: a single-center study. Int J Clin Exp 
Med 8(3):4487–4493

	48.	 Singh AK, Malhotra HS, Garg RK et al (2016) Paradoxical reac-
tion in tuberculous meningitis: presentation, predictors and impact 
on prognosis. BMC Infect Dis 16:306

	49.	 Gupta R, Kushwaha S, Thakur R et al (2017) Predictors of adverse 
outcome in patients of tuberculous meningitis in a multi-centric 
study from India. Indian J Tuberc 64(4):296–301

	50.	 Merkler AE, Reynolds AS, Gialdini G et al (2017) Neurological 
complications after tuberculous meningitis in a multi-state cohort 
in the United States. J Neurol Sci 375:460–463

	51.	 Modi M, Sharma K, Prabhakar S et al (2017) Clinical and radio-
logical predictors of outcome in tubercular meningitis: a prospec-
tive study of 209 patients. Clin Neurol Neurosurg 161:29–34


	Clinical features, outcomes and prognostic factors of tuberculous meningitis in adults worldwide: systematic review and meta-analysis
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Search strategy
	Study selection
	Data extraction
	Quality assessment
	Statistical analysis

	Results
	Study selection process and results
	Study characteristics
	Clinical features of patients
	Mortality and risk of neurological sequelae
	Subgroup meta-analysis of mortality
	Predictors of mortality

	Discussion
	Conclusion
	Acknowledgements 
	References




