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 Background: Tuberculous meningitis is a major public health issue, despite showing low incidence, tuberculous 

meningitis causes substantial mortality. For better clinical management, identification of prognostic factors is 

crucial to reduce health risk of Malaysian society. Therefore, the aim of this study was to determine the prognostic 

factors of adult tuberculous meningitis in peninsular Malaysia.  

Materials & methods: Initially, a retrospective cohort study and one-year of follow-up period was carried out. In 

addition, a total of 217 adult tuberculous meningitis patients treated or had follow-up in four tertiary hospitals in 
peninsular Malaysia were recruited. Cox proportional hazards regression was employed to perform multivariable 

analysis.  

Results: The overall survival probability of adult tuberculous meningitis was 36.8% with median survival time 244 

days. Significant prognostic factors were Glasgow coma scale score (aHR=0.71, 95% CI=0.65, 0.76; p<0.001), HIV 
status (aHR=1.94, 95% confidence interval [CI]=1.19, 3.15; p=0.008), headache (aHR=0.48, 95% CI=0.31, 0.76; 

p=0.002) and meningeal enhancement (aHR=0.47, 95% CI=0.30, 0.74; p=0.001), nausea (aHR=2.21, 95% CI=1.33, 

3.66; p=0.002), and vomit (aHR=0.58, 95% CI=0.36, 0.93; p=0.023). 

Conclusions: Evidently, the survival of among adults with tuberculous meningitis was low. Since HIV positive has 

a significant influence in mortality; early screening, diagnosis, and prompt treatment in this subgroup of patients 

play a key role in survival. 
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INTRODUCTION 

Tuberculosis is caused by mycobacterium tuberculosis 

infection commonly in lungs, which is called pulmonary 

tuberculosis. Extrapulmonary tuberculosis is usually caused by 

dissemination of mycobacterium tuberculosis by blood or 

lymph vessel to other organs in the body. It occurs when the 

bacteria disseminated to the brain and eventually causes 

infection in meninges. Tuberculous meningitis is believed to be 

increased in trend following the increase of tuberculosis and 

HIV prevalence; thus, our study provides insights on the 

association between HIV and tuberculous meningitis among 

the adults in peninsular Malaysia. 

Tuberculosis is a global epidemic. World Health 

Organization (WHO) estimates that one third of the world’s 

population has latent tuberculosis and is infected by 

mycobacterium tuberculosis. Each year, a total of nine million 

new cases were diagnosed and more than one million cases 

were HIV positive while half a million cases were multidrug 

resistance tuberculosis (MDR-TB) and nearly two million 

deaths were caused by tuberculosis [1]. 
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In year 2012, the largest number of new tuberculosis cases 

occurred in Asia, accounting for 58.0% of new cases globally 

[1]. Although Malaysia is not listed in WHO high TB burdened 

country, out of 29 million population in Malaysia, 22,710 of 

people were reported to have tuberculosis and 1,414 deaths 

were caused by tuberculosis in year 2012 [2]. Besides that, in 

year 2012 itself, a total of 21,249 new cases of tuberculosis were 

reported, which 2,300 cases were tuberculosis with HIV positive 

and 2,945 cases were extra-pulmonary tuberculosis [3]. 

Tuberculous meningitis is the most critical form of 

tuberculosis associated with high mortality and morbidity rate 

despite its low incidence rate. Mortality rate of tuberculous 

meningitis worldwide is around 15.3% to 38.9% [4-6]. A local 

study reported 27.5% of death, 25.0% morbidity and 47.5% 

survive without complication [7]. The median time of death 

was reported at 64 days [5]. In HIV-infected patients, the 

median survival time was estimated from 20 days (range one to 

172 days) to three month (95% confidence interval [CI]=2, 4) [8]. 

Corticosteroids is reported to reduce the mortality rate by 

20.0% (RR=0.8, 95% CI=0.7, 0.9, NNT=10) in all stage of 

tuberculous meningitis [9]. There are relatively few prognostic 

studies of tuberculous meningitis that had been done 

nationally and worldwide. Therefore, the main aim of this study 

was to determine the survival and prognostic factors of adult 

tuberculous meningitis patients in peninsular Malaysia. 

MATERIALS & METHODS 

A retrospective cohort study was conducted among 

patients aged 18 and above, admitted with a diagnosis of 

tuberculous meningitis to the Hospital Kuala Lumpur (HKL), 

Hospital Universiti Sains Malaysia (HUSM), Hospital Pulau 

Pinang (HPP), and Hospital Sultanah Aminah (HSA). These 

tertiary hospitals were purposively selected in this study to 

cover the area of peninsular Malaysia.  

The calculation of sample size was based on the level of 

significance (α=0.05) and pre-determined power (1-β=0.80) by 

using power, from the expert opinion obtained from previous 

studies by using PS sample size calculation software in the year 

2020 [10, 11]. An estimated 20.0% was added in anticipation of 

missing data or loss to follow-up. The predetermined sample 

size was 205 patients. There was no probability sampling 

method applied. All available folders in HUSM, HPP, and HAS 

been reviewed. In HKL, medical folders were reviewed until the 

required sample size was met.  

Study Factors & Outcome 

The patient’s medical records were reviewed, and the 

following information was extracted: demographic charac-

teristics, underlying disease, clinical features, image studies, 

use of steroids, mannitol, day in which treatment started and 

clinical outcome. Brain computed tomography (CT) scans or 

magnetic resonance imaging (MRI) studies were done for most 

patients after admission. Findings consistent with tuberculous 

meningitis in brain CT and MRI scans were, as follows: 

hydrocephalus, meningeal enhancement, tuberculoma, 

vasculitis or infarcts. The event in this study was the survival 

time defined as the time interval between time of clinical onset 

and time of event measured in days. The censored 

observations were those who complete recovery, survived with 

sequelae and who were lost to follow-up. 

Statistical Analysis 

The continuous variables were expressed as median (IQR) 

and categorical variables as a proportion of the total number 

of patients. Kaplan-Meier method was used to perform survival 

estimates while the log-rank test for comparison of survival 

distribution.  

Cox proportional hazards regression model was employed 

to perform univariable analysis and multivariable analysis of 

the variables, respectively. To eliminate confounding factors in 

predicting the risk for mortality, varia-bles with p-values≤0.25 

by univariable analysis were selected for multivariable Cox 

proportional hazard regres-sion model for further assessment. 

All statistical calculations were analyzed using Stata SE version 

11.0. Results were expressed as adjusted hazard ratios and 

corresponding 95% confidence interval (CI). A p-value of <0.05 

was regarded as significant. 

RESULTS 

Among the 217 cases, 157 (72.3%) were Malaysia citizens 

and 60 (27.7%) were foreigners. Cases are predominantly male 

(68.7%) and Malay (44.7%). Among 120 non-Malay cases, other 

race (foreigners) comprised the majority with 62 (28.6%), 

Chinese 31 (14.3%), and followed by Indian 27 (12.4%). The age 

of the cases was ranged between 18 to 73 years old, median 

(IQR)=39 (19). There were 98 (45.2%) who had extra-meningeal 

tuberculosis and 81 (37.3%) were having active infection of 

pulmonary tuberculosis.  

The duration to onset of anti-tuberculosis treatment 

(duration of clinical symptom to-day of treatment started) 

were one to 289 days with median (IQR)=15 (22). Adjunctive 

steroid therapy was used in 162 (74.7%) of the cases (Table 1). 
 

Table 1. Demographic & clinical characteristics of tuberculous 

meningitis patients according to death outcome (n=217) 

Socio-demographic 
characteristics 

Frequency (%) Median (IQR) 

Death Censored Death Censored 

Age (year)   40 (22) 38 (19) 

Gender     

Male 70 (74.5) 79 (64.2)   

Female 24 (25.5) 44 (35.8)   

Race     

Malay 38 (40.4) 59 (48.0)   

Chinese 15 (16.0) 16 (13.0)   

Indian 9 (9.6) 18 (14.6)   

Others 32 (34.0) 30 (24.4)   

Occupation     

Labor workers 14 (14.9) 13 (10.6)   

Non-labor 21 (22.3) 46 (37.4)   

Inmates 17 (18.1) 5 (4.0)   

Not available 42 (44.7) 59 (48.0)   

HIV status     

Positive 27 (28.7) 27 (21.9)   

Negative 67 (71.3) 96 (78.1)   

Diabetes mellitus     

Yes 19 (20.2) 12 (9.8)   

No 75 (79.8) 111 (90.2)   

Hypertension     

Yes 19 (20.2) 20 (16.3)   

No 75 (79.8) 103 (83.7)   

Extra meningeal tuberculosis 

Yes 52 (55.3) 46 (37.4)   

No 42 (44.7) 77 (62.6)   
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The overall survival probability from Kaplan-Meier 

estimate was 36.8% (SE=0.07) 95% CI=0.23, 0.50. The median 

survival time from onset of symptom to death for adult 

tuberculous meningitis patients was 244 days (SE=269.72) 

(Figure 1). 
 

The prognostic factors of tuberculous meningitis patients 

based on health characteristics by simple Cox proportional 

hazards regression found that the presence of extra-meningeal 

tuberculosis, active tuberculosis and HIV positive status had 

significant higher risk of dying compared to absence and 

negative status. Retrovirus positive patients had 81.0% higher 

risk of dying compared to retrovirus negative patients. Clinical 

characteristics such as absence of headache, altered level of 

consciousness, loss of consciousness, altered sensorium, 

abnormal hydration status, BMRC stage III, decrease of GCS 

score and mechanical ventilation were found as significant 

prognostic factors of adult tuberculous meningitis.  

Patients who were not presented with headache had 

higher risk of dying by 51.0% compared to patients who 

developed headache. BMRC stage III patients had 23.63 times 

higher risk of dying compared to BMRC stage I patients. 

Decrease of one unit of GCS score had increased 25.0% risk of 

dying. Patients who were mechanically ventilated had 5.66 

times higher risk of dying compared to those who were not 

mechanically ventilated. However, simple Cox proportional 

hazards regression analysis found no significant risk difference 

among treatment characteristics (Table 2). 

Table 1 (Continued). Demographic & clinical characteristics of 

tuberculous meningitis patients according to death outcome 

(n=217) 

Socio-demographic 

characteristics 

Frequency (%) Median (IQR) 

Death Censored Death Censored 

Active pulmonary tuberculosis 

Yes 38 (30.9) 43 (45.7)   

No 85 (69.1) 51 (54.3)   

Nausea     

Yes 34 (36.2) 28 (22.8)   

No 60 (63.8) 95 (77.2)   

Vomiting     

Yes 39 (41.5) 66 (53.7)   

No 55 (58.5) 57 (46.3)   

Headache     

Yes 52 (55.3) 87 (70.7)   

No 42 (44.7) 36 (29.3)   

Kernig’s sign     

Negative 85 (90.4) 101 (82.1)   

Positive 9 (9.6) 22 (17.9)   

Altered level of consciousness 

Yes 72 (76.7) 76 (61.8)   

No 22 (23.4) 47 (38.2)   

Loss of consciousness 

Yes 53 (56.4) 26 (21.1)   

No 41 (43.6) 97 (78.9)   

Convulsion     

Yes 31 (33.0) 34 (27.6)   

No 63 (67.0) 89 (72.4)   

Altered sensorium     

Yes 63 (67.0) 67 (54.5)   

No 31 (33.0) 56 (45.5)   

Focal limb weakness     

Yes 62 (66.0) 62 (50.4)   

No 32 (34.0) 61 (49.6)   

Numbness     

Yes 7 (7.4) 16 (13.0)   

No 87 (92.6) 107 (87.0)   

Cranial nerve palsy     

Yes 62 (66.0) 78 (63.4)   

No 32 (34.0) 45 (36.6)   

Hydration     

Normal 49 (52.1) 82 (66.7)   

Dehydrate 43 (45.8) 41 (33.3)   

Overload 2 (2.1) 0 (0.0)   

Hydrocephalus     

Yes 64 (68.1) 70 (56.9)   

No 30 (31.9) 53 (43.1)   

Infarction     

Yes 41 (43.6) 49 (39.8)   

No 53 (56.4) 74 (60.2)   

Meningeal enhancement 

Yes 42 (44.7) 64 (52.0)   

No 52 (55.3) 59 (48.0)   

Tuberculoma     

Yes 42 (44.7) 50 (40.6)   

No 52 (55.3) 73 (59.4)   

CSF glucose level   a2.20 (2.2) a2.00 (1.85) 

CSF protein level (g/L)   a1.54 (1.9) a1.35 (1.36) 

GCS score   b5.00 (5.0) b13.0(6.00) 

BMRC stage     

I b2 (2.2) b40 (34.2)   

II b5 (5.4) b36 (30.8)   

III b85 (92.4) b41 (35.0)   

Mechanical ventilated     

Yes c69 (80.2) c37 (31.9)   

No c17 (19.8) c79 (68.1)   

Days to onset of anti-tuberculous treatment 14.5 (24.0) 16.0 (22.0) 
 

Table 1 (continued). Demographic & clinical characteristics of 

tuberculous meningitis patients according to death outcome 

(n=217) 

Socio-demographic 

characteristics 

Frequency (%) Median (IQR) 

Death Censored Death Censored 

Use of steroids     

Yes 68 (72.3) 94 (76.4)   

No 26 (27.7) 29 (23.6)   

Use of dexamethasone     

Yes 68 (72.3) 92 (74.8)   

No 26 (27.7) 31 (25.2)   

Use of prednisolone     

Yes 4 (4.3) 9 (7.3)   

No 90 (95.7) 114 (92.7)   

Use of mannitol     

Yes 6 (6.4) 7 (5.7)   

No 88 (93.6) 116 (94.3)   

Note. aAvailable data 171 (78.8%); bAvailable data 209 (96.3%); & c Available 

data 202 (93.1%) 

 

Figure 1. Kaplan-Meier curve for overall survival estimate of 

adult tuberculous meningitis in peninsular Malaysia (n=217) 

(*median survival time from onset of symptom to death) 

(Source: Authors’ own elaboration) 
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The multivariable analysis found that only GCS, HIV status, 

headache, meningeal enhancement, nausea, and vomiting 

significantly predict the risk of mortality (Table 3).  

The increase of one unit of Glasgow coma scale score had 

reduced the probability of dying by 29.0% (HR=0.71, 95% 

CI=0.65, 0.76, p<0.001). HIV positive patients had 94.0% higher 

risk of dying compared to HIV negative patients (HR=1.94, 95% 

CI=1.19, 3.15, p=0.008). Patients who had headache was 52.0% 

lower risk of dying compared to patients who did not have 

headache (HR=0.48, 95% CI=0.31, 0.76, p=0.002). Patients who 

had nausea was 2.21 times higher risk of dying compared to 

patients who did not have nausea (HR=2.21, 95% CI=1.33, 3.66, 

p=0.002). Patients who had vomiting episodes had 42.0% lower 

risk of dying compared to pa-tients who did not have vomiting 

(HR=0.58, 95% CI=0.36, 0.93, p=0.023). Patients with meningeal 

enhancement in imaging finding had 53% lower risk of dying 

compared to patient without meningeal enhancement 

(HR=0.47, 95% CI=0.30, 0.74, p=0.001). 

Table 2. Prognostic factors of adult tuberculous meningitis 

patients using simple Cox proportional hazards regression 

Variable 
Simple Cox proportional hazards regression 

aRC bCHR (95% CI) Wald test p-value 

Gender     

Male 0.54 1.72 (1.08, 2.74) 2.28 0.023 

Female 0 1   

Race     

Malay -0.60 0.55 (0.34, 0.88) -2.47 0.014 

Chinese -0.42 0.66 (0.36, 1.22) -1.32 0.186 

Indian -0.68 0.51 (0.24, 1.07) -1.79 0.073 

Others 0 1   

Occupation     

Labor workers 0.97 2.64 (1.33, 5.25) 2.77 0.006 

Non-labor 0 1   

Inmates 1.52 4.58 (2.41, 8.70) 4.64 <0.001 

Not available 0.43 1.54 (0.91, 2.61) 1.62 0.106 

Extra meningeal tuberculosis  

Yes 0.55 1.73 (1.15, 2.60) 2.65 0.008 

No 0 1   

Active PTB     

Yes 0.51 1.67 (1.11, 2.5) 2.48 0.013 

No 0 1   

HIV status     

Positive 0.59 1.81 (1.15, 2.8) 2.57 0.010 

Negative 0 1   

Diabetes mellitus     

Yes 0.35 1.42 (0.86, 2.3) 1.37 0.172 

No 0 1   

Hypertension     

Yes -0.05 0.95 (0.58, 1.5) -0.18 0.857 

No 0 1   

Altered level of consciousness 

Yes 0.61 1.84 (1.14, 2.9) 2.49 0.013 

No 0 1   

Loss of consciousness     

Yes 1.16 3.19 (2.11, 4.8) 5.50 <0.001 

No 0 1   

Altered sensorium     

Yes 0.46 1.59 (1.03, 2.4) 2.10 0.035 

No 0 1   

Focal limb weakness     

Yes 0.35 1.4 (0.92, 2.17) 1.59 0.112 

No 0 1   

Numbness     

Yes -0.50 0.61 (0.28, 1.3) -1.26 0.207 

No 0 1   

Hydration status     

Normal 0 1   

Dehydrate 0.62 1.86 (1.23, 2.8) 2.91 0.004 

Overload 2.78 16.2 (3.7, 69.6) 3.74 <0.001 

CSF glucose level -0.02 0.98 (0.85, 1.1) -0.36 0.717 

CSF protein level (g/L) 0.04 1.04 (0.95, 1.1) 0.85 0.393 

Hydrocephalus     

Yes 0.36 1.44 (0.93, 2.2) 1.63 0.103 

No 0 1   

Infarction     

Yes 0.20 1.23 (0.82, 1.8) 0.98 0.327 

No 0 1   

Meningealenhancement 

Yes -0.26 0.77 (0.5, 1.16) -1.23 0.219 

No 0 1   

Tuberculoma     

Yes -0.04 0.96 (0.6, 1.45) -0.17 0.862 

No 0 1   

BMRC stage     

I 0 1   

II 0.99 2.7 (0.52, 13.9) 1.19 0.236 

III 3.16 23.6 (5.8, 96.3) 4.33 <0.001 
 

Table 2 (Continued). Prognostic factors of adult tuberculous 

meningitis patients using simple Cox proportional hazards 

regression 

Variable 
Simple Cox proportional hazards regression 

aRC bCHR (95% CI) Wald test p-value 

Day onset to treatment -0.003 1.0 (0.99, 1.00) -1.09 0.277 

Use of steroids     

Yes -0.18 0.84 (0.53, 1.3) -0.77 0.439 

No 0 1   

Use of dexamethasone     

Yes -0.08 0.92 (0.59, 1.4) -0.34 0.733 

No 0 1   

Use of prednisolone     

Yes -0.72 0.49 (0.18, 1.3) -1.40 0.162 

No 0 1   

Note. aRC: Crude regression coefficient & bCHR: Crude hazards ratio 

Table 3. Prognostic factors of adult tuberculous meningitis 

patients in peninsular Malaysia using multiple Cox 

proportional hazards regression on forward LR method (n=217) 

Variable 
Multiple Cox proportional hazards regression 

RC (b) aAHR (95% CI) bWS (df) cp-value 

GCS -0.35 0.7 (0.65, 0.76) -8.74 <0.001 

HIV status     

Yes 0.66 1.94 (1.2, 3.15) 2.67 (1) 0.008 

No 0 1   

Headache     

Yes -0.73 0.48 (0.3, 0.76) -3.13 (1) 0.002 

No 0 1   

Meningeal 

enhancement 
    

Yes -0.75 0.47 (0.3, 0.74) -3.26 (1) 0.001 

No 0 1   

Nausea     

Yes 0.79 2.2 (1.33, 3.66) 3.08 (1) 0.002 

No 0 1   

Vomiting 

Yes -0.54 0.58 (0.36, 0.9) -2.27 (1) 0.023 

No 0 1   

Note. RC: Regression coefficient; AHR: Adjusted hazards ratio; WS: Wald 
statistics; Multiple proportional hazards Cox regression model: Forward 

stepwise LR selection method was applied; Multicollinearity & interaction 
were unlikely; Global test, p=0.820, model proportional hazards assumption 

was checked & reported to be proportionate & constant over time; 
Regression diagnostic was performed by estimated residuals Cox-Snell, 

martingale, & deviance & influential analysis; Influential outliers were 

identified by checking percent changes in regression coefficient set at 20%; 
& No influential outlier was found, & model fit well with observations 
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DISCUSSION 

In this study, out of 217 adult tuberculous meningitis 

patients, 94 (43.3%) died, 17 (7.8%) survive with sequelae, 41 

(18.9%) survive without sequelae and 65 (30.0%) lost to follow 

up. This finding was slightly higher compared with previous 

finding of overall mortality 15.3% to 38.9% [12, 14]. A total of 

75.0% of death in this study occurred within 69 days (started 

from the first day clinical symptom), which was three time 

longer compared to 21 days in the previous study [15]. The 

overall median survival time of this study was 244 days and 

overall survival rate was 36.8% (over seven years study period 

and one year follow up). This indicates that the tuberculous 

meningitis is an acute disease with high mortality. The high 

percentage in survived with sequelae, later contribute to 

further morbidity and mortality. A previous local study 

reported 25.0% survived with sequelae and 47.5% survived 

without sequelae [16].  

Compared to the previous study, our study showed less 

survival with sequelae (7.8%) and less survival without 

sequelae (18.9%). The survival probability in female (55.5%) 

was higher compared to male (24.2%). Median survival time for 

female cannot be estimated in this study, whereas male 

patients had only 155 days of median survival time, which was 

89 days shorter than the overall median survival time. A 

previous study reported that, there was a low female: male 

ratio in prevalence of tuberculosis [17]. A meta-analysis in 

Brazil also revealed a marginally significant male bias in 

exposure to mycobacterium tuberculosis (random-effects 

OR=1.16, 95% CI=1.00, 1.36; n=6,725 subjects) [18]. A genetic 

study suggested that sexual hormones may play a part in 

protection or susceptibility to tuberculosis.  

The possible role of sex steroids in tuberculosis was also 

strengthened by the fact that the progression-to-disease and 

mortality rates are higher in females during their reproductive 

years, after which such rates turn again to be higher in men. 

The study in female mice demonstrated more resistant to 

infection with bacteria of two species related to 

mycobacterium tuberculosis. This showed that the difference of 

gender may have different innate resistance mechanism 

mediate by phagocytes. Estrogens in female has been shown to 

increase the activity of IFNc gene promoter, which then causes 

increase IFNc production and activate protective Th1 response. 

However, the levels of steroid hormones vary not only between 

the sexes, but also with age and physiological state (e.g., 

menstrual cycles and gestation) [19]. 

The occupation of the patients significantly predicted the 

survival probabilities. Inmates (17.1%) had the lowest survival 

rate, followed by labor workers (26.5%), unknown occupation 

(44.5%) and non-labor workers (53.8%). The median survival 

time for inmates was only 16 days, whereas, 43 days for labor 

worker and 191 days for unknown occupation (p<0.001, log 

rank test). These might probably because the proportion of HIV 

positive among inmates was large. In this study, out of 17 

deaths among inmates, 12 (70.6%) were HIV positive, 11 

(64.7%) were intravenous drug user (IVDU), nine (52.9%) had 

extra meningeal tuberculosis, eight (47.1%) had active 

pulmonary tuberculosis, and one (5.9%) had diabetes mellitus. 

Besides that, the confined space and crowded area in the 

prison, detention or rehabilitation camp causes infection of 

pulmonary tuberculosis, malnutrition and further reduces of 

immune system of HIV positive inmates. Thus, reduced the 

survival of inmates. 

Extra meningeal tuberculosis patients had significantly 

lower survival probability 23.5% versus 48.7% in patients 

without extra meningeal tuberculosis. The median survival 

time in extra meningeal tuberculosis patients was 11 days 

shorter than patients who did not have extra meningeal 

tuberculosis (p=0.007, log rank test). However, extra meningeal 

tuberculosis was found insignificant in both univariable 

(p=0.074) and multivariable analysis (p=0.845). Patients with 

active pulmonary tuberculosis were also had similar finding in 

this study. Compared to extra meningeal tuberculosis, patients 

with concomitant active pulmonary tuberculosis had a lower 

survival probability (19.2%) and a shorter median survival time 

(83 days). The difference might be due to the concomitant 

effect of active pulmonary tuberculosis, which causes systemic 

infection thus further weakened the immune system. In 

addition, miliary tuberculosis were reported as an independent 

predictor for death in previous study [20]. 

HIV positive patients (27.7%) had lower survival probability 

compared to HIV negative patients (46.0%). The median 

survival time in retrovirus positive patients was 153 days, which 

was significantly shorter than patients with negative status 

(704 days) (p=0.009, log rank test). This is like other study, 

which reported that the six-to-nine-month survival rate was 

significantly decreased in HIV infected patients [21, 22]. The 

significant difference among HIV positive and HIV negative 

patients were studied in few studies. A prospective cohort 

study in Vietnam revealed that HIV infection did not alter the 

neurological presentation of tuberculous meningitis, although 

additional extrapulmonary tuberculosis was more likely to 

occur in HIV infected patients [22] In this study, 29 (53.7%) HIV 

positive patients had extra meningeal tuberculosis and 18 

(62.1%) of them died. Whereas 23 (42.6%) HIV positive patients 

had concomitant active pulmonary tuberculosis and 15 

(55.6%) of them died. A previous study in HIV-associated 

tuberculosis had shown clear survival benefit in patients 

receiving antiretroviral therapy (ART) during tuberculosis 

therapy [23]. However, immediate ART was found not 

significantly associated with nine-month mortality [24, 25]. 

Whereas starting ART prior to or during tuberculosis treatment 

may be associated with lower mortality in patients with HIV 

associated tuberculosis [26]. In our study, seven (63.6%) 

patients with ART and 20 (46.5%) patients without ART died. 

The survival of ART therapy group was lower but no significant 

difference between groups was found.  

Also, headache was reported among tuberculous 

meningitis patients 139 (64.1%) and only 52 (37.4%) of them 

died compared to 42 (44.7%) death in patients without 

symptom of headache. This profound clinical manifestation 

had revealed a higher survival probability of 40.6% compared 

to 33.4% who had not presented it. The median survival time 

for patients with the absence of headache was 69 days, 

whereas the median survival time increased significantly to 996 

days with the presence of headache (p=0.001, log rank test). 

This finding was like previous study, which reported headache 

as an independent predictor in univariable [27] and 

multivariable analysis [28]. Headache as a predictor might be 

due to its strong disturbance in activity of daily living (ADL) of 

patients thus promote earlier seek for treatment and earlier 

diagnosis of tuberculous meningitis. Altered level of 

consciousness (29.7%) was found to significantly reduce the 

survival probability of tuberculous meningitis patients 

compared to normal conscious patients (54.2%). Patients with 

altered level of consciousness had only 155 days of median 
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survival time (p=0.011, log rank test). Loss of consciousness, 

another more severe form of change of conscious level, where 

no response was given by the patients can be transient or 

prolonged coma. In this study, the survival probability for loss 

of consciousness was only 22.0% compared to without loss of 

consciousness 48.4%. Patients with loss of consciousness had 

only 52 days of survival, which was three times shorter than in 

altered level of consciousness alone. Similar study also 

reported higher odds of death among comatose patients [29]. 

Besides that, altered sensorium was also found significantly 

influence the survival probability of tuberculous meningitis 

patients. Patients with altered sensorium had a survival 

probability of 25.3% and median survival time of 185 days only, 

similar finding was reported [30]. These clinical manifestations 

were closely related to the clinical changes in the brain, 

hydrocephalus, which might give rise to either obstructive or 

communicating causes increase in intracranial pressure, which 

thus altered brainstem function. 

Hydration level was found significant in predicting the 

median survival time (p<0.001, log rank test). Patients with 

overload hydration status had only five days median survival 

time compared to dehydration (96 days) and normal hydration 

(1510 days). Cerebral salt wasting syndrome [31] and syndrome 

of inappropriate secretion of antidiuretic hormone (SIADH) [32] 

were found to explain the relationship between hydration level 

and death of tuberculous meningitis in detail. 

Over the decades, BMRC stage was used to classify the 

severity of disease and it was found significantly predictive of 

the survival among tuberculous meningitis patients. In this 

present study, stage III patients were found to have significant 

lower survival probability (10.5%) compared to stage I (86.6%) 

and stage II (75.0%). Median survival time for stage III patients 

was only 43 days. Thus, severity of disease was found 

significantly associated with mortality [33]. Mechanical 

ventilated patients had 43 days of median survival time and a 

significantly lower survival probability of 20.1% compared to 

patients who had not been mechanically ventilated (59.3%) 

(p<0.001, log rank test). The needs of mechanical ventilation 

were presented by the disease severity and the brainstem 

involvement.  

In univariable analysis, institution, gender, race, 

occupation, presence of extra meningeal tuberculosis, 

concomitant active pulmonary tuberculosis, HIV status, 

presence of headache, altered level of consciousness, loss of 

consciousness, altered sensorium, hydration status, BMRC 

stage, GCS score and mechanical ventilated were identified as 

prognostic factor for adult tuberculous meningitis. GCS score 

was found as a more significant independent prognostic factor 

for death of tuberculous meningitis compared to BMRC stage 

and APACHE II [34].In this study, an increase of one unit score 

of GCS was found to reduce the risk of dying by 25.0% (HR=0.75, 

95% CI=0.71, 0.80; p<0.001), with the minimum GCS score of 

three and maximum score of 15. This predictor role was also 

found highly significant in the multivariable analysis with a 

higher hazards’ ratio (adjusted HR=0.71, 95% CI=0.65, 0.76; 

p<0.001). 

In the multivariable analysis, GCS score, HIV status, and 

headache continued to be significant independent predictors 

for tuberculous meningitis. Whereas meningeal enhancement, 

nausea and vomiting were found significant to predict death 

for adult tuberculous meningitis in conjunction with other 

independent predictors. Presence of meningeal enhancement 

was found to reduce the risk of dying by 53.0% (adjusted 

HR=0.47, 95% CI=0.30, 0.74; p=0.001). This might be due to 

classical presentation of meningeal enhancement in 

tuberculous meningitis, which promotes early diagnosis and 

treatment thus increase the survival of the patients. Besides 

that, the presence of vomiting in presentation also significantly 

reduced the risk of dying by 42.0% (adjusted HR=0.58, 95% 

CI=0.36, 0.93; p=0.023). Vomiting is a profound clinical 

presentation among tuberculous meningitis, which was 

usually associated with changes of intracranial pressure and 

hydrocephalus. Therefore, the presence of vomiting usually 

sped up the diagnosis of the disease and commence of 

treatment. Nausea was found as prognostic factor for 

tuberculous meningitis, which had increased the risk of dying 

by 2.21 time (adjusted HR=2.21, 95% CI=1.33, 3.66, p=0.002). 

This is because nausea is less distressing, less prominent 

clinical manifestation and theoretically less meaningful in 

differential diagnosis of disease, thus causing the diagnosis 

and treatment delay.  

Benefits of Study 

Our study findings, aid in the advancement of knowledge 

on prognostic factors of tuberculous meningitis and provides 

facts, refinement of current hypotheses and offers insights and 

potential solutions. 

Limitations of Study 

A small sample size may limit generalizability of findings to 

a larger population. Our participants’ responses may be 

impacted by how questions are worded or the context in which 

they are presented, resulting in skewed conclusions if it does 

not appropriately represent the diversity of the community. 

CONCLUSIONS 

Overall, the survival of adult tuberculous meningitis was 

low. Adult patients with lower GCS score, HIV positive status, 

presented with nausea, absence of headache, absence of 

meningeal enhancement and absence of vomiting had a higher 

risk of dying from tuberculous meningitis. Current drug therapy 

and diagnostic test however did not reduce the mortality 

among tuberculous meningitis patients. Therefore, further 

screening plan and treatment plan are needed for earlier 

diagnosis and treatment to prevent mortality. 
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