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A B S T R A C T

Background: Tubercular meningitis (TBM) is associated with high mortality and stroke with chronic neuro-
logical sequelae even with best of care and antitubercular therapy. Studies have shown that aspirin as an
adjunctive therapy might play some role in management of TBM. This systematic review and meta-analysis
has been planned to evaluate the efficacy and safety of aspirin as an adjunctive therapy in TBM patients.
Methods:We conducted a systematic search of randomized controlled trials in patients with tubercular men-
ingitis published till October 2019 in all major clinical journals. Study was registered with PROSPERO with
registration number: CRD42019136689. Articles were tested for eligibility and assessed for quality and vari-
ous bias. Data synthesis and analysis was done using Review manager 5.3. The primary end point for assess-
ment of efficacy was mortality at three months. The secondary end point was stroke or composite outcome
of stroke and mortality at three months. Adverse effects were also assessed as secondary safety end point.
Findings: Overall, three eligible randomized controlled trials with 365 participants were included that pro-
vided quantitative data for this meta-analysis. The analysis of primary and secondary end points was done
using fixed effect model. There was not significant reduction in mortality [hazard ratio 0.78 (95% CI
0.45�1.35, p = 0.37)] and composite outcome of mortality and new onset stroke [hazard ratio 0.86 (95% CI
0.60�1.24, p = 0.43)] in aspirin group as compared to placebo. However, aspirin as compared to placebo sig-
nificantly reduced new onset stroke [hazard ratio of 0.51 (95% CI 0.29�0.87, p = 0.01)].
Interpretation: We did not find significant reduction in mortality and composite outcome (mortality and new
onset stroke) with aspirin as compared to placebo but there was significant reduction in new onset stroke in
aspirin group as compared to placebo with Number Needed to Treat (NNT) = 10, which might be of clinical
importance since stroke is responsible for high mortality and morbidity in these subset of patients. However,
a large well conducted randomized controlled trial is required to put more light on the available evidence.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

According to the World Health Organization (WHO) September
2018 report, tuberculosis (TB) is one of the top 10 causes of death
worldwide and a leading killer of patients who are HIV positive
[1]. TB is a global epidemic with 10 million people diagnosed
with tuberculosis and 1.5 million died from the disease as per
2018 WHO report. Tubercular meningitis (TBM) an important
neuro-infectious condition which leads to high mortality and
morbidity with chronic neurological sequelae. One factor with is
responsible for high morbidity and mortality in these patients is
stroke [3]. Mortality is three times higher in TBM with infarction
as compared to without. This could be explained by a hypothesis
that TBM is a hypercoagulable state (decrease in protein S,
increase in factor VIII leads to prothrombotic state) which could
be the reason for ischaemic stroke and neuropathy in these
patients [2]. Stroke occurs in around 15 to 57% of TBM patients
especially in severe cases and with advanced stage [3]. Of them
around 20% of patients have focal neurological deficits [3]. Cur-
rent recommended therapy in these patients is anti-tubercular
therapy along with corticosteroids and supportive care [4]. How-
ever, even with best of care the prognosis in these patients is bad
with neurological sequelae and high mortality.

Since TBM is a hypercoagulable state, aspirin might play some
role as an adjunctive therapy in management of these patients.
An open label phase-II trial showed aspirin (150 mg daily)
resulted in absolute risk reduction of 19.1% in stroke and signifi-
cant reduction in mortality (21.7%) compared to placebo group
(43.4%) at 3 months [5]. A recent randomized controlled trial
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Research in context

Evidence before this study

Since, TBM (Tubercular meningitis) is a hypercoagulable state,
so aspirin as an adjuvant therapy has been tried for manage-
ment of these patients. We under-took this systematic review
and meta-analysis to look into evidence available for usefulness
of aspirin as adjuvant therapy in TBM over standard of care.

All randomised controlled trials published till October 2019
were included in the study. The conduct, design and reporting
of results were in accordance to PRISMA guidelines. We found
four relevant trials, of which three trials were included in the
meta-analysis.

Added value of this study

Although addition of aspirin as adjuvant treatment over stan-
dard of care did not show significant reduction in mortality and
composite outcome (mortality and new onset stroke), however
there was significant reduction in new onset stroke with aspirin
as compared to placebo [hazard ratio of 0.51 (95% CI 0.29�0.87,
p = 0.01)].

Implications of all the available evidence

Since one of the main complications of TBM is cerebral stroke
(reported incidence 13�57%), which leads to poor clinical out-
come, this reduction could be clinically significant in reducing
neurological sequelae and disability.

2 R. Rohilla et al. / EClinicalMedicine 34 (2021) 100819
found that aspirin led to dose dependent inhibition of thrombox-
ane (TxA2) and up regulation of pro-resolving CSF proteins [6].
They also found that aspirin lead to greater reduction in new
infarcts and mortality by day 60 as compared to placebo and the
reduction was higher in high dose aspirin (1000 mg) than low
dose aspirin (81 mg) [34.4% events in placebo versus 14.8% in
low dose aspirin 81 mg versus 10.7% in high dose aspirin
1000 mg]; although the difference did not reach statistical signifi-
cance [6]. Rizvi et al [7] conducted a meta-analysis which showed
that aspirin reduces the risk of new infarctions in patients with
tubercular meningitis but do not reduce mortality. But this meta-
analysis had some limitations. Firstly, they did not include new
onset stroke as an outcome although they did include mortality.
Secondly, they included an open label study in children [8] which
enrolled only patients with severe TBM (stage III) with uncon-
firmed diagnosis.

Thus, we undertook this systematic review and meta-analysis to
look into the evidence for the usefulness of aspirin in tubercular men-
ingitis.

The primary objective of this meta-analysis was to determine
whether addition of aspirin over and above anti-tubercular treatment
is able to reduce mortality in patients with tubercular meningitis as
compared with placebo. The secondary objective was to assess effect
of aspirin on new onset stroke (brain infarction) and safety of aspirin
in patients with tubercular meningitis.

2. Methods

2.1. Protocol and registration

The method of this systemic review and meta-analysis was
described in an outline protocol that was registered with PROSPERO
(International Prospective Register of Systemic Reviews) registration
number: CRD42019136689.
2.2. Ethical approval

This study involved retrieval and synthesis of data from already
published studies so ethical approval from Institutional Ethics Com-
mittee (IEC) for this meta-analysis was not required.

2.3. Selection of studies and participants

All randomized controlled trials, both open label and double
blinded, published till October 2019 were included in the meta-anal-
ysis. The conduct, design and reporting of results are in accordance to
Preferred Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) guidelines.

2.4. Eligibility criteria

Randomized controlled trials involving children or adult patients
diagnosed with tubercular meningitis treated with anti-tubercular
therapy, aspirin (either low dose or high dose) and/or corticosteroids
were included in meta-analysis.

2.5. Exclusion criteria

Studies involving any of these were excluded frommeta-analysis

1. HIV co-infected patients
2. Retrospective studies
3. Registries
4. Case control and cohort studies

2.6. Data sources and search strategy

Search was done by using key words or Medical Subject Headings
(MeSH) terms and was combined using Boolean logic operators: ‘AND’,
‘OR’ and ‘NOT’ appropriately. Two independent reviewers (RR, SM)
searched the following databases to ensure comprehensive search:
Pubmed, Cochrane library, Embase, Google Scholar, Ovid and Scopus.
The search terms were as follows; “tubercular meningitis” AND “Aspi-
rin” OR “Anti-platelet” OR “Anti-inflammatory”. No language restric-
tions were imposed. Relevant articles were selected according to
eligibility criteria and ineligible studies were excluded. The full texts of
selected articles were retrieved and reviewed by two independent
reviewers (RR, SM) to ascertain the eligibility or suitability prior to data
extraction. The reference list of the selected articles was hand searched
so as to include studies which were missed by search strategy.

We found four relevant studies. Out of which three studies were
included in meta-analysis and one study was excluded as it was a ret-
rospective analysis of registry.

2.7. Data extraction and quality assurance

Data extraction was done by two independent reviewers (RR, SM).
The following data was extracted from selected randomized con-
trolled trials (RCTs): randomization, allocation concealment, blinding
of study participants and personnel, blinding of outcome assessor,
dose and duration of aspirin given with or without corticosteroid,
missing data, primary efficacy outcome and safety outcome of the
study. Extracted data was then entered in excel sheet maintaining
data quality and was analyzed for primary and secondary outcome
using Review manager 5.3.

2.8. Risk of bias assessment for individual studies

The following variables were assessed for risk of bias: sequence
generation (selection bias), allocation concealment (selection bias),



Fig. 1. PRISMA diagram of study selection.
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blinding of participants, personnel (performance bias), blinding of
outcome assessors (detection bias), completeness of outcome data
(attrition bias) and evidence of selective outcome reporting (report-
ing bias) for individual studies. Study quality was assessed indepen-
dently by two reviewers (RR, SM) and any discrepancies were
resolved by consensus.

2.9. End points

The primary end point for assessment of efficacy was mortality at
three months.

The secondary end point was new onset stroke or composite out-
come of stroke and mortality at three months. Adverse effects were
also assessed as secondary safety end point.

2.10. Data synthesis and analysis

Eligible studies were presented in form of evidence table. Analysis
was done using Review manager 5.3. Three studies Mai et al. [6],
Misra et al. [5] and Schoeman et al. [9] were included for primary
analysis and secondary analysis. Schoeman et al. was different from
other two studies in terms of younger age of patients and aspirin was
given for only one month so for sensitivity analysis only two studies;
Mai et al. [6] and Misra et al. [5] were assessed.

2.11. Heterogeneity testing

Heterogeneity between the results was assessed using Cochran’s
Q test and quantified with I-square statistic. Probability (p-value)
< 0.1 was considered as statistically significant heterogeneity.

2.12. Role of funding source

No grant or funding was taken for this study.

3. Results

3.1. Study selection

During search limit period, a total of 17 relevant original articles
were selected using MeSH terms mentioned above. Study selection
process is described in Fig. 1. After excluding duplicates, six unique
articles were selected. Three more articles were excluded because
one was a review article, one was an observational study and third
was a poor quality open label RCT. The RCT did not include all stages
of TBM and did not include new onset stroke as an outcome so was
excluded from main analysis. However, sensitivity analysis was per-
formed with inclusion of this study. Finally, three randomized con-
trolled trials were included in the meta-analysis.

3.2. Study characteristics

Overall, 365 participants were included in three trials that pro-
vided quantitative data for this meta-analysis (for individual study
details, see Table 1). Largely primary efficacy outcome in these trials
was death or newMRI proven brain infarction or stroke.

Misra et al. [5] included 118 adult patients with tubercular menin-
gitis randomized into aspirin 150 mg daily or placebo. All patients
received antitubercular therapy with or without corticosteroid. The
primary outcome in this study was MRI (Magnetic resonance imag-
ing) proven stroke at 3 months and secondary outcome were mortal-
ity and functional outcome at 3 months. This study found reduction
in stroke in aspirin as compared to placebo but the difference was
not statistically significant (22.5% vs 55%, p = 0.08). However, signifi-
cant reduction in mortality was seen in aspirin group as compared to
placebo (27.1% vs 43.4%, p = 0.02). Also aspirin was well tolerated and
not withdrawn in any patient because of side- effects.

Mai et al. [6] conducted a randomized double blind placebo con-
trolled trial in 120 adult patients with tubercular meningitis compar-
ing aspirin (low dose, high dose) with placebo added to first 60 days
of antitubercular therapy and corticosteroid (dexamethasone). The
primary efficacy endpoint in this study was new brain infarction con-
firmed by MRI or death by 60 days. The primary outcome occurred in
28.9% who were given placebo, 22.2% given low dose aspirin (81 mg)
and 15.8% patients given high dose aspirin (1000 mg) with p = 0.40.

Schoeman et al. [9] conducted a randomized double blind placebo
controlled trial comparing aspirin (low dose and high dose) with pla-
cebo in 146 children with tubercular meningitis. Aspirin irrespective
of high or low dose did not show any significant benefit regarding
morbidity (hemiparesis and developmental outcome) and mortality.
However, this study gave aspirin and prednisolone for only one
month and included only children with age ranging from 12 to 54
months.

3.3. Synthesis of results

All three studies including 365 patients were included for analysis
of primary outcome using fixed effect model. The effect of aspirin
compared to placebo on mortality was not significantly different
[hazard ratio 0.78 (95% CI 0.45�1.35, p = 0.37)]. The test for heteroge-
neity, I2 in our meta-analysis was 2%, indicating that there was mini-
mal heterogeneity or inconsistency in the studies included (Fig. 2).

Secondary outcome: Aspirin as compared to placebo significantly
reduced new onset stroke [hazard ratio of 0.51 (95% CI 0.29�0.87,
p = 0.01)]. The test for heterogeneity, I2 in our meta-analysis was 0%,
indicating that there was no or minimal heterogeneity or inconsis-
tency in the studies included (Fig. 3).

The effect of aspirin was also compared to placebo on composite
of both outcomes (new onset stroke and mortality). There was no sig-
nificant difference between the groups with hazard ratio of 0.86 (95%
CI 0.60�1.24, p = 0.43). The test for heterogeneity, I2 was 0%, indicat-
ing that there was no or minimal heterogeneity or inconsistency in
the studies included (Fig. 4).
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3.4. Sensitivity analysis

Schoeman et al. studied the role of aspirin in childhood tubercular
meningitis. This study was different from other two studies included
in terms of younger age of patients (12�54 months) and duration of
aspirin therapy (only one month). So, we evaluated the results after
excluding this study.

Aspirin when compared to placebo was significantly better in
terms of reduction in new onset stroke with hazard ratio of 0.45 (95%
CI of 0.25�0.80, p = 0.006) (Fig. 6). The test for heterogeneity, I2 was
0%, indicating that there was no or minimal heterogeneity or incon-
sistency in the studies included. However, significant difference was
not found on mortality and composite outcome (Figs. 5 and 7).

Sensitivity analysis was also performed with all the four studies
(Mai et al., Misra et al., Schoeman et al. and Amin et al.). Addition of
this study [8] showed similar results that aspirin did not significantly
reduce mortality in patients with tubercular meningitis in compari-
son to placebo [hazard ratio of 0.75 (95% CI of 0.51�1.09, p = 0.57)].

3.5. Risk of bias assessment

Full details of the risk of bias assessment have been outlined in
Table 2 and Fig. 8.

All the included studies described randomization methods and
were considered low risk. Information about allocation concealment
and blinding of participants was provided in all studies and were con-
sidered low risk except Misra et al., which was an open label study
and was considered high risk. Information about blinding of outcome
assessor was unclear for all trials and were considered unclear risk.
All the trials were double blinded except one Misra et al., which was
open label.

3.6. Safety assessment

Misra et al. [5] observed 33 adverse events in total which included
vomiting in 28 patients, epigastric discomfort in 1 patient, rashes in 4
patients and jaundice, altered liver function in 28 patients. But, the
authors did not provide the adverse events separately in individual
study arms. However, they mention that there is no difference in
adverse effect profile of aspirin and placebo group.

Mai et al. [6] observed no significant difference in gastro-intestinal
bleeding or MRI proven intracranial bleeding event in placebo, low
dose aspirin (81 mg) and high dose aspirin (1000 mg) groups [13.9%
in placebo versus 22.9% in low dose aspirin versus 20.0% in high dose
aspirin]. There was no statistically significant difference in terms of
grade 3 or 4 adverse events in placebo, low dose aspirin and high
dose aspirin groups [26.8% in placebo versus 43.6% in low dose aspi-
rin versus 22.5% in high dose aspirin]

Schoeman et al. [9] also reported that aspirin was well tolerated
but one death was probably related to aspirin in a patient who deteri-
orated neurologically during fourth week of treatment and died
because of intracranial hemorrhage. One patient was excluded from
the study due to hematemesis after first dose. But, they did not report
adverse events in placebo arm and did not mention whether these
patients belonged to low dose or high dose group. The details of other
adverse events were not mentioned (Table 3).

3.7. Discussion

The meta-analysis from randomized controlled trials evaluating
efficacy and safety of aspirin as an adjunctive therapy in tuberculosis
meningitis over and above anti-tubercular therapy did not show sig-
nificant reduction of mortality (primary outcome) or composite out-
come of mortality and new onset stroke. However, aspirin
significantly reduced new onset stroke as compared to placebo in
patients with tubercular meningitis [hazard ratio of 0.51 (95% CI



Fig. 2. Effect on mortality.

Fig. 3. Effect on stroke.

Fig. 4. Effect on composite outcome (New Onset Stroke + Mortality).

Fig. 5. Sensitivity analysis showing effect on mortality.

Fig. 6. Sensitivity analysis showing effect on new onset stroke.
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0.29�0.87, p = 0.01)], with Number Needed to Treat (NNT) = 10. Sen-
sitivity analysis of Mai et al. and Misra et al. also showed similar
results i.e. significant reduction was not seen in mortality or compos-
ite outcome but there was statistically significant reduction in aspirin
as compared to placebo in terms of new onset stroke. Since one of
the main complication of tubercular meningitis is cerebral stroke
(with reported incidence ~13�57%), which can lead to poor clinical
outcome [3,10]. Also, the mortality is about three times higher in



Fig. 7. Sensitivity analysis showing effect on composite outcome (New Onset Stroke + Mortality).

Table 2
Risk of bias assessment in included studies.

Study Selection bias (Random
sequence generation)

Allocation bias Performance bias
(Blinding of participants
and personnel)

Detection bias (Binding
of outcome assessment)

Attrition bias
(Incomplete outcome
data)

Reporting bias (selective
reporting)

Mai et al. [6] Low risk Low risk Low risk Unclear risk Unclear risk Unclear risk
Misra et al. [5] Low risk High risk High risk High risk Unclear risk Unclear risk
Schoeman et al. [9] Low risk Low risk Low risk Unclear risk Unclear risk Unclear risk

Fig. 8. Bias assessment of the studies included for analysis.

Table 3
Safety assessment summary.

Study GI bleeding or MRI proven new intracranial bleed Others

Mai et al. Placebo group: 5/36
Low dose group: 8/35
High dose: 8/40

Did not report any other adverse effect

Schoeman et al. GI Bleeding in Aspirin: 1, Placebo: Not reported
MRI proven new intracranial bleed in Aspirin: 1, Placebo: Not reported

Melena, Raised transaminases, Reye syndrome: None in aspirin group.
Placebo: Not reported

Misra et al. None in both groups Vomiting: 28
Epigastric discomfort: 1
Rashes: 4
Raised transaminases: 28
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young tubercular meningitis patients with stroke compared to those
without [3,10]. So, even the NNT of 10 could have potential clinical
significance in terms of mortality reduction and prevention of new
onset stroke, thus prevention of disability.

Since TBM is a hypercoagulable state with decrease protein S and
increase in factor VIII [2], aspirin due to its antiplatelet action can
inhibit platelet aggregation at low doses (75�150 mg) and due to
this property can prevent ischemic cerebrovascular events like new
onset stroke. However, at high doses (> 150 mg), aspirin has anti-
inflammatory action by inhibiting pro-inflammatory prostaglandins
and TxA2 which could be beneficial in reducing intra-cerebral inflam-
mation in these patients. The trials included in our study used aspirin
at both low and high doses. Mai et al. and Schoeman et al. explored
beneficial effects of both low dose and high dose. However, the low
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and high doses in both was not uniform. Mai et al. used low dose as
81 mg and high dose as 1000 mg. Schoeman et al. used low dose as
75 mg and high dose as 100 mg/kg/day. Whereas Misra et al. used
only low dose of aspirin 150 mg. The dose selection in all the three
studies appears to be arbitrary without any scientific explanation on
its rationale.

Aspirin was safe and was well tolerated at both low dose (81 mg)
as well as high dose (1000 mg). The studies included did not find any
statistically significant difference in GI bleeding, intracranial bleeding
and grade 3 or 4 adverse events when compared to placebo. Misra
et al. do not provide detailed information on adverse effects sepa-
rately in aspirin and placebo arms separately so we could not perform
analysis of safety data. Also, the studies were not powered to detect
these differences.

An earlier meta-analysis by Rizvi et al. [7] showed that aspirin
reduces the risk of new infarctions in patients with tubercular menin-
gitis but do not reduce mortality. This meta-analysis had additionally
included an open label study in children [8] which enrolled only
patients with severe TBM (stage III) but the diagnosis was uncon-
firmed. The duration of aspirin was not clearly mentioned in this
study. This study also did not include new onset stroke as an outcome
although it did include mortality. Due to various shortcomings inclu-
sion of this study into the meta-analysis is likely to reduce the quality
of the meta-analysis. Nevertheless, we conducted a sensitivity analy-
sis by including this study by Amin et al. [8] but it did not change the
results.

The major limitations of our meta-analysis is that only three ran-
domized controlled trials were included. Since, only three RCTs are
available so there is lack of robust data to support the conclusion.
Misra et al. do not provide detailed safety information of both groups
so we could not perform safety analysis. The other limitation is that
the time point of outcome analysis is not uniform across the three
studies (Misra et al. analyzed outcome at 3 months; Mai et al. at 2
months and Schoeman et al. at 6 months). The drug, dose and dura-
tion of adjunctive medications (aspirin and steroids) across the stud-
ies are also different. Also, publication bias could not be assessed
because only three studies were included in the meta-analysis.

Although this meta-analysis did not show significant reduction in
mortality and composite outcome (mortality and new onset stroke)
with aspirin as compared to placebo but there was significant reduc-
tion in new onset stroke in aspirin group as compared to placebo
which might be of clinical importance in management of patients
with tubercular meningitis. Hence, a large well conducted RCT is
required to add to existing knowledge and clarify role of aspirin as
adjunctive treatment in patients with tubercular meningitis.
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