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Tuberculous meningitis (TBM) remains the most le-
thal form of tuberculosis, with mortality rates that
have changed little despite advances in antimicrobial
therapy and adjunctive immunomodulation. Over the
past two decades, multiple randomized controlled tri-
als have evaluated intensified antitubercular regimens
and adjunctive corticosteroid strategies, yet most
have failed to demonstrate substantial improvements
in survival'3, These findings are often interpreted as
evidence of limited therapeutic efficacy. However,
such a conclusion may be incomplete, as important
determinants of outcome may not be adequately cap-
tured in current trial designs.

Most TBM trials are built on the premise that mor-
tality is primarily driven by uncontrolled infection or
dysregulated inflammation. While both are undoubt-
edly important, this framework may underappreciate
the role of intracranial pathophysiology, particularly
hydrocephalus and its downstream effects on intra-
cranial pressure (ICP)*®. Hydrocephalus is common
at presentation, frequently evolves during the disease
course, and is strongly associated with poor out-
comes. It may represent both a marker of disease se-
verity and a potentially modifiable contributor to sec-
ondary brain injury, although the relative contribution
of these roles remains uncertain.

Raised ICP can lead to reduced cerebral perfusion,
brainstem compression, and irreversible neurological
injury within a timeframe that may precede the ther-
apeutic effects of antimicrobial or anti-inflammatory
interventions. Consequently, it is plausible that some
patients may experience adverse outcomes related to
intracranial hypertension despite receiving antimicro-
bial and anti-inflammatory therapies. In such circum-
stances, the benefits of pharmacological interventions
may be underestimated because patients experience
early ICP-mediated injury before those therapies can
exert their intended effects (Figure 1).

This possibility introduces a competing-risk frame-
work that has received relatively little attention in TBM
trials. Mortality may arise through at least two overlap-
ping pathways: an early pathway related to intracranial
hypertension and secondary brain injury, and a later
pathway related to persistent infection, inflammation,
or their complications. Existing therapeutic trials are
largely designed to influence the latter while provid-
ing limited standardization of the former. As a result,
variability in the detection and management of hydro-
cephalus, particularly the timing and availability of
cerebrospinal fluid (CSF) diversion procedures, may
introduce unmeasured confounding and complicate in-
terpretation of observed treatment effects’.

At the same time, caution is warranted when inter-
preting the relationship between hydrocephalus and
outcome. Hydrocephalus should not automatically be
viewed as a causal explanation for poor prognosis.
Although numerous studies*® have demonstrated an
association between hydrocephalus and mortality, as-
sociation alone does not establish causality. Similarly,
the effectiveness of CSF diversion is likely influenced
by several factors, including timing of intervention,
patient selection, neurosurgical expertise, imaging
availability, and healthcare infrastructure. These fac-
tors vary substantially across TBM-endemic settings
and may themselves influence outcomes.

Nevertheless, the persistently high mortality ob-
served across modern TBM trials raises the possibil-
ity that inadequate control of intracranial physiology
may contribute to adverse outcomes. In settings where
neurosurgical intervention is delayed or reserved for
advanced clinical deterioration, patients may prog-
ress beyond the threshold of reversible injury. Under
such conditions, even highly effective antimicrobial
regimens may demonstrate only modest benefits be-
cause an important component of mortality lies out-
side their primary mechanism of action.
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Figure 1. Proposed causal framework linking infection, inflammation, hydrocephalus, and clinical trial outcomes in tuberculous

meningitis.

The implications for trial design are considerable.
Hydrocephalus is commonly treated as a baseline
characteristic when it is considered at all. In reality, it
is a dynamic process whose severity may evolve over
time and whose management varies during the course
of illness. Failure to account for these temporal rela-
tionships may introduce time-dependent confounding
and limit causal interpretation of trial results.

Future TBM studies should therefore incorporate
intracranial pathophysiology more explicitly into both
design and analysis. Potential approaches include stan-
dardized radiological grading of hydrocephalus, serial
assessment of intracranial physiology, prospective doc-
umentation of the timing and modality of CSF diversion
procedures, and pre-specified analyses according to hy-
drocephalus severity. From an analytical perspective,
incorporation of hydrocephalus and CSF diversion as
time-updated variables, together with competing-risk

approaches and sensitivity analyses addressing differ-
ences in neurosurgical access, may improve estimation
of treatment effects. More broadly, studies should con-
sider protocolized strategies for the early recognition
and management of intracranial hypertension rather
than treating it as an external and uncontrolled variable.

Reframing TBM in this manner moves the field
beyond a narrow focus on antimicrobial optimization
toward a more integrated understanding of disease
pathophysiology. Outcomes are determined not solely
by eradication of Mycobacterium tuberculosis, but by
the interplay between infection, inflammation, vascular
injury, and intracranial dynamics. Until these processes
are more comprehensively measured and incorporated
into clinical trials, the effects of therapeutic interven-
tions may be more difficult to estimate accurately.

We emphasize that this framework should be viewed
as a hypothesis-generating perspective rather than a de-
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finitive explanation for previous neutral trial results. Fu-
ture prospective studies incorporating detailed assess-
ment of hydrocephalus, intracranial pressure, and CSF
diversion practices are required to determine the extent
to which intracranial physiology influences observed
treatment effects and clinical outcomes in TBM.
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