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ABSTRACT

Background and objective:

Tuberculous meningitis (TEM) is an Infectious disease of the central nervous system that remains to be a gobal healih
challenge. Patients who  survive after experiencing TBM have 3 nsk of developing functional, cognitive and
peychological disorders that can affiect daily activities. The objective of this study is to present a comprehensive review
of data on cognitive outcome after TBM infection.

Method:

We conducted a systematic literature search o identify studies addressing cognitive outcomes in adult TBM patients.
Following a systematic literature search (PubMed, Scopus, EBSCO), studies were reviewed by independent reviewers
to assess eligibility for inclusion. Three independent reviewers extracted data from included studies.

Result:

Among the articles identifiec, 6 studies met inclusion critenia, reporting cognitive outcomes for 330 patients with TBM.
All studies followed the patients Tor 12 months or more. Three studies used Mini-Mental State Examinations (MMSE)
to assess cognitive function, white other studies used 3 variety of tools: HiV-associated neurocognitive disorder
(HAND), Montreal Cognitive Assessment (MoCA), neuropsychological (MEUROPS!), and Wechsler Adult Intelligence
Scale (WAIS). All studies reported an improvemant in cognitive function after completion of T8 therapy. Two studies
comparsd TBM with HIV, and showed TBM patients with HIV had worse cognitive cutcomes than those without HIV.

Conclusion:

Cognitive function assessment tools in TEM patients are diverse and after approximately 12 months of follow-up
following TB therapy, there was improvement in cegnitive function. Standardized reporting of cognitive outcomes will
be essential to improve data guality and data-shanng potential.

Keywords: Cognition, Prognosis, Tuberculous meningitis, Tubsreulosis

INTRODUCTION

Tuberculosis (TB}) remains a major global health
problem.® The Word Health Organization's "End
Tuberculosis Strategy” calls for a 90% reduction in
tuberculosis-related deaths and an 80% reduction in
tuberculosis  incidence by 2030, 15 years after
declaration. 2= Tuberculous meningdtis (TBM), a severs
manifestation of Mycobacterium tuberculosis (MTE)
infection, arises when MTE disseminates from primary
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pulmonary sites to the meninges, forming foci that
rupture and induece inflammation in the subarachnoid
space.® This pathological cascads, charactarized by
vasculitis, cranial nene COmMpression, and
hydrocephalus, leads to ischemic damage frequently in
critical brain regions such as the basal gangiia and
thalamus, potentially resulting in long-tenm
neurclogical and cognitive  complications*  The
infiammatorny and ischemic seguelae disrupt neural
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circuits, impairng domains such a5 memaory, executive
function, and cognitive speed, as observed In sUnvivors
of bacterial meningitis= However, there is limited data
available on cognitive studies in cases of TBM.®7 This
study aims to provide insights into the cognitive
outcomes following TBM infections from available
lterature.

METHOD

Literature Search and Data Sources

This systematic review was performed in accordance
with the Preferred Reporting ltems for Systematic
Reviews and Msata-Analyses (PRISMA) guidelines ® This
was registered in PROSPERO (ID: 439481). In
MNovember 2022, a thorough computerzed search of

Table 1. Keyword for database searches

the literature was done by three independaent reviewers
to identify studies discussing the neurclogical outcome
in meningitis tuberculosis patients. PICO-reiated
keywords were among the search crtera. PubMed,
SCOPUS, and EBSCO host databases were also
searched. The titles and abstracts of all studies from
the three databases that matched the keywords were
separately screened according to the eligibility criteria,
and duplicates were removed (Table 1). Furthermore,
each study was evaluated for eligibility by three
reviewers who worked independently and were blinded
to each other Disagreements amongst reviewers were
settled by discussions with supenvisor. Figure 1 expiains
the literature search flow.

Database

Keyword

Pubhded

{["tuberculous meningitis”) OR ("TB meningitis™)} AND ({{{(neurocognitive] OR
{cognitive]) OR ("neurological outcome™)] OR (“neurclogical sequalaa”)) OR
("cognitive impairment”})

Scopus

[TITLE-ABRS-KEY ("Tuberculous Meningitis") OR TITLE-ABS-KEY | "TE meningitis" | ]
AND | TITLE-ABS-KEY { "neurocognitive" | OR TITLE-ABS-KEY ( "neurclogical
outcome” | OR TITLE-ABS-KEY ( "cognitive" | OR TITLE-ABS-KEY {"neurclogical
sequelas”] OR TITLE-ABS-KEY ["cognitive impairmant” )]

EBSCO host

{"tuberculous meningitis” OR "TB meningitis" | AND | naurocognitive OR cognitive
OR neurological outcome OR neurclogical sequelas OR cognitive impairment )

Identification of new studies vis database and registers J|

c
Records identified from:
PubMed (n = 289 .| Records removed before screening:
SCOPUS (n = 112) Duglicate {n = 146)
EBSCOhost (n=54)
—— ¥
Records screened (n= 239) |- *| Records excluded (n = 214) ]I
. T
Reports sought for retrieval o ) .
n=25) | Reports not retrieved (n = 0) l
L] Reports excluded (with reason)
Reports assessed for . Imelevant cutcome (n = 15)
eligibillt_-r {n= IS]_ | Full-text not in engfish (n = 3)
| Population not T Meningitis |n = 1)
g Studies Intludr_;d in review {n |
= &)

Figure 1. Literature Search Flow
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Study Selection Criteria

Studies wers Included if (1) study design of cohort or
cross-sectional -studies, (2) confirmed meningitis
tuberculosis  patients, HIV and non-HIV patients
included, and (3) reported cognitive outcome. Studies
were excluded if {1) they were case senes, case
reports, and review article (2) unconfirmed/suspect
meningitis tubserculosis, and (3) study with
neurobehavioral outcomes.

Guality Assessment and Data Extraction

The nsk of bias tool used in the included studies was
Risk OF Bias In Non-randomized Studies - of Edposurs
(ROBINS-E] tool® The appraisal was camed out by
three Investigators. All of the reviewers fook the
following data from each study, including (1) the author
and the year of publication, (2} the study's dasign, (3)
the sampie size, (4) the characteristics of the patients
who were included, and (5] the results reporied.
Cognitive  Impaiment*® refers 1o challenges with
memory, attention, executive function, languags,
perceptual  organization, learning.  processes,  or
refiecting global cognitive functioning deficits, and #t
could be measured using any tool.

RESULTS

Characteristic and Quality Assessment of Included
Studies

Among the articles jdentified, s studies (five
prospective cohoris and one cross sectionals) met
inclusion criteria, reporting  cognitive cutcomes for 330
patients with TEM (Figure 1}.***® Qut of 330 subjects,
105 were female. Study by Katrak et al. didn't state the
number subject based on their gender. The age vaned
from six to 80 years. Mean duration of illness was
reported from 21 days until 2.8 months.

All  studies foliowed the patients starting from
admission, three months, o more. Details of
charactenstic of selected studies are presentad in Table
2. Four studies only included subject with HIV
(-}, ==+418 and two studies compared subject with HIV
(+) and HIV {-).13** We classified the diagnosis critenia
into Tive forms, {8} clinical presentation of maningitis,
(b) CSF analysis, (c) CSF culture for MTE, d) CSF
GeneXpert, and (2} neuroimaging.
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Table 2, Characteristic of Studies Included
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Candar Tubsrrufous Mnningitis [TEM)
pesign| 7 i Hastrsagiral Lahnratory
Mahor | gy | Sublect | MeanAgs | mala | samale | Dugnusic | TEM | TBM oy | g ang Durion. | Comorbldtty | L Findings
Im inl in} Crria Grads Blagmisis v ‘o THM Traistmeni
Infarcs (n=i
Granuloma |nah}
[ CT Semm;
Brage | Cormemunksmg
[EL=8 ] AnE-TH reatment hydmeephalus (12
Ramjan, et Grada |l 2B JRHTE for adubs/RHES phstiuciive
plaer B 13 3 3 3 s b [FLELA] wk Wianites for chifdren| sithout e hydrocephalus |3), i
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1B 5% nfansts |00
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Abbrevigtions: PC; Prospective Cohort; C5: cross-sechional CNS; centrol nervaus systern; TE; tuberculosis; C5F: cerebrospinal fluld; 8: rifarmpicing H:
ispniaeid; £ pyrazinamide, £; ethambutol, 5: streplomycin

Diagnasis criteria: o, Clinical presentotion of meningitis; b. C5F anolysis; ¢. C5F culture for Mib; d. C5F GenXpert; e Neuroimaging
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Risk of bias analysis was performed using ROBINS-E.? QoA summary figures were created
using Robvis visualization tool.'” Three studies were categorized as low overall bias and other

three studies had some concerns bias.

Risk of bias domains

Damains:

D1: Bias due to confounding.

D2: Bias due to selection ol participants.
D3: Bias in classification of interventions. :
D4: Bias due to deviations from intended interventions.
D5: Bias due to missing data.

Yol T X T

000 e
Yor Yo

A AL LA S
LI JoJoJoX )i

D&: Bias in measurement of outcomeas.
D7: Bias in selection of tha reported result,

Figure 2. Risk of Bias Analysis

TBM Treatment Difference

Study by Ranjan et al. and Katrak et al. showed al| their
subjects received a standard antituberculosis tregtment
(rifarnpicin, Isoniazid, pyrazinamide, and ethambutol,
RHZE) ***=* Same as study by Ganaraja st al. and Kalita
et al_, but they also added a prednisolone 1 mgkg for
2 months along with RHZE.*-** Meanwhile, study by
Popoca-Rodriguez st al., stated that their patients
recelved standard RHZE treatment with pyridoxine and
dexamethasone 0.3 mgiday ™~ Howsever, Chen =t al
didn't specify the TEM treatment for their subject **

Cognitive Assessment Tools _
Thres studies used Mini-Mental State Examinations
(MMEE) to. assess cognitive function, while other used

varous tools: HlV-associated neurccognitive disorder
(HAND), Montreal Cognitive Assessment (MoCA),
neuropsychological (MEUROPSI!), and Wechsler Adult
Intelligence Scale (WAIS) (Tabie 3). MMSE was used in
study by Ramjan et al., Katrak et al, and Kalita st
al*=2% |1t consisted of 30-point scale which was
validated in the local community Watrak st al.,
considered MMSE scores of 19 or less as abnormal =%
Meanwhile, in the study by Ranjan et al. and Kalita st
al., they specified the cognitive impaimment intc some
category, such as below 29 for 9 years of schooling,
below 26 for 52 years of schooling, and below 22 for
-4 years of schooling.*>* MoCA + NEUROPS! test
was used in study by Popoca-Rodriguez et al. >
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Table 3. Cognitive Assessment of Included Studies

Fallow-
Auther Tools far Cagnitive Percentage of cognitfve Impaired | Cognitive Dutcome ; ; p
Asspssmignt [Boseline) {Baseling) (o Periods
fma]
Mean WAIS-III Score at Chronle Stage [after
treatment)
Verbal comprehension (VO $0.24 2 1471
Chen KL, et Perceptuol orgonizotion (PO)) §7.53 # 18.45
Wil 41
af 2015 . o NA Woking memory (WA 85.25 + 18.48 ma
TAM potients hod worse cutcomes compared
o healthy controls.
There is o significamt
difference af atfention
Mean MoCA Mean MaCA 13 th-12
Feposd- MoCA test: NELROPS! e altergtion between )
Radrigues, Sk HIV positive = 2341 5.7 populations with HIV HIV posilive = 26,6 £ 0.5 12 ma
' al r d HW we = 21153 RV e = 2d £ 7.1
o, T campared fo those e
without HIV
i} Cafour Tralls Test 1 82
- Sustaimed attention,
it} Animats Neming Test - Percentage of subject
Categovy Fluercy, with gforementioned
(it Spen Test fram Impafrment:
WRE-IIND (Weschler < Auditory werbal legrming o i
memory scole: firg test (28.3%) 22 1% mild iirpairmant
edfibion) -Verbal 31. 7% mild impairment - Compilex figure test 23.3% mild-to-moderate i i ;
Werking emory 8.3 micsiembiermte Ban ?H; mndemm-t:-sev::eimrmpmmrg: O o
Gonaraje, et | [(iviSpohol Span Test from | impairment - Spatial span test (50%) 2.9% sever impalrment 12
ol 2021 WRS-IING - Wisuel #8.3% moderote-to-severe - Clock drawing test 2 e
Working Memory, impairment [45.3%} Domain:
) Rey's Audibory Verbal | 5% severe impoirment - gt span test (35%) b,
Attenti klng e Qb -
Learmning Test - Verbal - Color troil test 1 and 2 a:?ﬂ?;‘ﬁ:ﬁ;mi eTmary, cotegeny Moy
Leaming & Memary, {20% aned 33,3% ¥
{wilComplex Figure Test - respectively)
Wisuel Learning & - Anfrmal noriing fest
Mermary, and [28.3%}
{wii} Cleack drowing res -
Executive function.
Cogrithve impalrment:
Kotrok, et al a
2000 b MINMSE HIV Positive (n=7, 31,8%) A A arihs
HiY Megative (n=0, 0%}
Month 3
| el (11722 = 50%
Ranjan, etl IrgriTent (1L, %) Fandé
2003 MR A o months
Naonth &
Impairment {13724 = 54.1%)
Maonth 12 .
gm” ?“" etal | e oA i Severe impoirment (7436 = 10, 7%), Mifd :ﬂnm
{29736 = 44,6%)
Abbrevigtions: MoCA: Montreal Cognitive Assessment; NEUROPS! newropsychological tests; WIS Wechsler Aduit intelligence Scale; MMSE: Mini
\Mental State Examinations; WMS-WIND: Weschler memary scale, IIFY edition.
*Notes: Colaur Trails, Animals Naming, Digit Span (WMS-ININD), Spalial Span (WMS-IIIND), Rey's Auditary Verbal Learning, Complex Figure,
Clock drawin
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Study by Chen =t al. used the WAIS neuropsychological
(MP) test®**® |n this study, they used the combined
perceptual organisation (PO1), verbal comprehension
(VCI), working memory (WMI), and processing speed
index (P31 scores from the Chinese version of the
WAIS-III, which is based on the full-scale intzlligence
quotient measure (FSIQ). All the participants performed
the subtests, which coliectively make up the POL, VCI,
and WMI scores separstely: These subtests include the
block design, image completion, matrix reasoning,
vocabulary, similarties, information, digit span,
arithmetie, and letternumber sequence subtests 2

Study by Ganaraja et al. used eight neuropsychological
tests at the second week of diagnosis** The same
asscsomert was repeated after 1 year of follow-up.
The test consisted of (1) color frails tests 1 and
2—sustained attention; (2} animals naming
test—category fluency; (3) digt span test from
Weschler menory scale; [lird edition
(WMS-HIND}—verbal working memaory; (4) spatial span
test from WMS-IIIND—visual working memony; (5)
Rey's auditory verbal leaming test—verbal leaming-and
memory; (5) complex figure test—visual leamning and
memory; (7) Clock drawing test—executive function.**

Characteristic of Cognitive Impairment

Al ctudies reported cognitive impaiment in TE
memningitis. Study by Ranjan et al, showed the result of
MMSE assessment At three months after diagnosis,
the result showed mean score of 23 and 11/22
subjects had cognitive impairment. after 6 months, the
mean of MMSE score increased to 24 and 1324
subjects had cognitive impaimment.™ In the study by
Watrak et al., impaired coghition was observed in only
7/22 HNV positive patients (31.8%). Five patients
improved after siarting anti-tuberculous medication.™
Study by Halita et al., showed cognitive impairment
appeared more in TBM patients with neurclogical
symptom such as focal motor defielt or cranial nene
palsy. The MMBE score ranged from 6 to 28 {mean
22). The MMSE score was less than 19 in ssven
individuals, 19-24 in six, and mild cognitive impainment
in the other patients *=

Study by Chen et al., showed that compared 1o the
controls (healthy subjecis), the TBM patients notably

underperommed in the WAIS's digit symbol, similarities,
block design, matrix reasoning, and letter-number
sequencing  subtests (p<0.05). The  wvemal
comprehension (VCI), perceptual organisation (POI),
and working memory {(WhI) scores were worse in the
TBM patients_**

Study by Ganaraja £t al. Tound that TEM patients who
were HV-negative exhibited significant impairments in
several neuropsychological tests, particulary auditory
verbal leaming (90%), complex figure test (50%), and
spatial span test (50%).** Cognitive impairments wera
categorized as "mild" in 31.7%, "mild-to-moderate” in
28 3%, "moderate-to-severe" in 258.2%, and "sevars" in
5% of patients. After one year, 43 participants
underwvent follow-up neuropsychological evaluations,
revealing that 58.1% showed impairment in one or two
tests, while 32.5% were impaired in three or more
tests. Only ©.3% had nommal evaluations, and 72.1%
demonstrated owverall improvement, while 13.8%
remained unchanged and 2.3% worsened. Tests such
as the animal naming test (p = 0.008), clock drawing
test (p = 0.014), colortrail test 1 (p = 0.001), spatial
span test (p = 0.021), and digit span test (p = 0.034)
showed significant improvement in suspected TEM
cases. Visual leaming and memory alsc improved
significantly {p = C.008), whereas verbal leaming
remained largely unchanged. These findings highlight
the cognitive challenges and recovery pattems in TEM
patients over time **

Meanwhile, study Popoca-Rodnguez et al., discovered
significant short-, mid-, and long-term memory loss, as
well a5 loss of thinking ability, judgement, and executive
gkills and verbal fluency afteration, and even mood
aiterations, with mild depression predominating
according to evaluation with the MoCA and NEUROPSI
tests. MoCA testing was performed during hospital
admission, during: outpatient follow-up, 12 months
after discharge. Patients with HNV/AIDS coinfection had
a mean score of 23.4 = 5.7 at hospital admission; on
follow-up evaluaticn before 12 months, it was 24.3 =
4.4, and after 12 months, itwas 266 = 0.5; patients
without HIV coinfection had a score of 241 = 5.3 at
admission, 23.7 = 5.6 on Tollow-up before 12 months,
and 24 + 7.1 after 1-year follow-up.2® Table 4 focuses
on HiV-positive patients.
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1
Table 4. Characteristic of Studies with HIV-positive Patients

HIV Infection Status  HIV Positive Population

HIV HIV
Author Duration of HIV
Positive | Negative o HAART Therapy | CD4 Count
infection
(n) (n)
Median CD4+ T-lymphocyte
’ At HIV diagnosis = 111/mm3 (IQR
Pa -Rod, ,etal
5 ﬂ::m eeE. 8 1 45 65 NA NA = 198),
At TB diagnosis = 126/mm3 (IQR
= 208).
Katrak, et al 2000 22 31 NA No treagtment NA

DISCUSSION

Study has identified a link between CNS infections
occumng in mid-life and the onset of cognitive
impairments later in life, even after the infection has
resolved.®*® CNS infections have also been associated
with impaired intellectual development and an
increased risk of mental disorders in the Tuture *=
Persistent cognitive deficits across various domains,
imzluding memaory, orentation, comprehension,
learning, and language, have been documented as a
result of CNS infections. >

Cognitive  functions that are usually affected are
attention, executive function, short term memory and
learning memory. Leaming memory is the most
impaired in TBM, in contrast to bacterial meningitis
which iz wery shori-term memory and working
memary.**= This suggests that in TBM after the acute
phase, the frontal lobe inflarmmation improves quicker
than temporal function. ™ This is explained by impaired
cognitive tests with normal MRI results *=2=2The cause
of cognitive abnormalities can be mediated by various
mechanisms, such as inflammiation,=* ischemia due to
arteritis®™ or chronically increased intracranial
pressure® In people with nomal MBI, it can be
caused by microvascular ischemia =

Cognitive impairment are more common in the HIV
positive group with TB.*® The majority of adults with
HIV positive TEB have a maan age in the 4th decade, the
majority are female, and a low baseline CD4.77= HIV
positive patients who have cognitive changes necd o
be suspected of having TBM.=22= With low CD4 and
immune response, tuberculomas do not form, this
causes the clinical presentation to be subtle in the form

of cognitive changes. *5=8="

FAKISTAN JQUENAL QT NIURDIOGICAL SCITNCES ]ﬂ.di Yol

A clinical trial sub-study conducted in Uganda revesled
that among TBM patients with HIN, the primany
cognitive domaing affected include motor abilities,
exacutive  function, Information processing  speed,
verbal leaming, and memory.= Cognitive deficits can be
caused by TBM or HAND.3 Rt s challenging to
differentiate between the two, but the presence of
activer TBM, absence: of cersbral ‘atrophy, and
improvement with anti-TB drugs (RHZE), point fo the
etiology towards TB.15=2

Management of TBM patients also nfluences
neurclogical and cognitive cutcomes. Withdrawal Trom
rifampicin and isoniazid will have an impact on poor
cognitive outcomes, which are usuzslly caused by
hepatotoxdcity === History of the BCG vaccine gives
different resuits in children with TEM. Some studies
conclude there is a decrease in neurclogical effects®=
and study in Turkey showed results that there was no
protection.®® Corticosteroids can suppress
inffammation to reduce the impact on TBM,™ but its
use does not have 3 significant impact on reducing
detarioration of the brain tissus damage.™

There are several limitations to this review study. The
first is the use of diverse cognitive assessment tools,
which hinders focused depiction of the specific
cognitive domains affected. Additionally, the inclusion
of pasdiatric populations in this review limits the
generalizability of the findings to the entire population
of TB meningtis patients. To obtain a more
comprehensive understanding of cognitive impaiment
in TEB meningitis patients posttreatment, it is
recommended io use standardized and uniform
cognitive assessment tools that can identify specific
domains affected.® rather than merely Indicating the
presence or absence of cognitive impaiment.
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CONCLUSION

Cognitive function assessment tools in TEM patients
are diverse, with most siudies using the MMSE. The
cognitive domains that were reported to be the most
affected were working memory and language, and
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