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ABSTRACT

Introduction Central nervous system tuberculosis
(CNSTB) is a severe condition, sometimes associated
with a poor prognosis. Early diagnosis of CNSTB remains
challenging, considering that conventional methods lack
sensitivity or might lead to certain side effects. Herein,
we presented a protocol for a systematic review and
meta-analysis to assess the diagnostic efficacy of MRI for
CNSTB.

Methods and analysis SinoMed, Wanfang database,
China National Knowledge Infrastructure, Embase,
the Cochrane Library and PubMed will be searched
to identify studies reporting on the use of MRl in

the diagnosis of CNSTB from database inception

to December 2023. The following keywords will

be applied: ‘Intracranial tuberculosis’, ‘Cerebral
tuberculosis’, ‘Central nervous system tuberculosis’,
‘Spinal tuberculous arachnoiditis’ and ‘Magnetic
Resonance Imaging’. Studies that evaluate the
diagnostic accuracy of MRI for the diagnosis of CNSTB
and report clear reference criteria will be included.
Studies from which full true positive, false positive,
false negative and true negative values cannot be
extracted, those published in languages other than
English or Chinese, abstracts not reporting the full text,
and case reports will be excluded. Quality Assessment
of Diagnostic Accuracy Studies (QUADAS-2) will be
used to evaluate the methodological quality of each
included study. Stata V.15.0 and RevMan V.5.3 will be
used to perform a meta-analysis and generate forest
plots and summary receiver operating characteristic
curves. In case of significant heterogeneity between
studies, possible sources of heterogeneity will be
explored through subgroup and meta-regression
analyses.

Ethics and dissemination This research is based on
public databases and does not require ethical approval.
Results will be submitted for publication in a peer-
reviewed journal.

PROSPERO registration number CRD42023415690.

INTRODUCTION
Tuberculosis (TB) is one of the major
public health threats worldwide.! Tn 2020,

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The study is prospectively registered in the
PROSPERO database; Preferred Reporting Items
for Systematic Review and Meta-Analysis Protocols
(PRISMA-P) reporting guidelines were used to guide
the reporting of this protocol and PRISMA-Diagnostic
Test Accuracy guidance for the reporting of system-
atic reviews and meta-analyses of diagnostic test
accuracy will be used when reporting the results.

= The literature search includes both Chinese and
English databases.

= Rigorous methods and robust analyses allow
minimal study bias and more standardised data
reporting.

= There may be significant heterogeneity in studies,
resulting in less reliable results.

globally, with TB being the main cause of
death from a single source of infection.'
Depending on the site of Mycobacterium tuber-
culosis (MTB) infection, TB can be classified
into pulmonary TB and extrapulmonary TB.”
One of the catastrophic manifestations of
EPTB is the affection of the central nervous
system (CNS). Central nervous system tuber-
culosis (CNSTB) incidence is low, accounting
for only 1-5% of new cases." Most patients
with CNSTB respond well to medical treat-
ment alone; however, patients with tubercu-
lous meningitis (TBM) have poor prognoses.*
The main cause of serious adverse outcomes
in this group of patients is the lack of available
early and valid diagnostic methods,” resulting
in delays in diagnosis and treatment.

CNSTB mainly includes TBM, intracra-
nial tuberculoma and spinal arachnoiditis.’
CNSTB diagnosis usually requires invasive
procedures to obtain specimens, the most
common being a lumbar puncture that is
used to obtain cerebrospinal fluid (CSF)
specimens.” Invasive procedures carry certain

Dr Huihong Lin; 9.87million new TB cases and about risks and require patient cooperation. CSF
linhuihtb@163.com 1.5million deaths have been reported testing has substantial diagnostic significance
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for TBM, while its diagnostic significance for cerebral TB
that does not invade the meninges is limited.® The risk
of puncture of the brain parenchyma is very high; thus,
this method is used less frequently.” '’ On the other hand,
the MTB content in CSF is low, and the sensitivity of the
commonly used acid-fast bacilli smear and MTB culture is
still poor, failing to meet the need for early, effective diag-
nosis.'" Even with the use of CSF for nucleic acid amplifi-
cation tests (NAATS) to improve the diagnostic efficacy of
TBM, the results are still unsatisfactory.'” Rapid and effec-
tive diagnosis is the cornerstone of accurate treatment.
Therefore, a safe and effective rapid diagnostic tool for
CNSTB is urgently needed to improve the prognosis.

Imaging, especially MRI, is the most commonly used
test for CNS lesions.” MRI is a non-invasive and radiation-
free approach that can show the entire CNS lesions.
Previous studies have shown that MRI is useful in diag-
nosing CNSTB," ' including both intracerebral TB and
TBM.""'7 However, the diagnostic accuracy of MRI for
CNSTB is not known. Therefore, this systematic review
and meta-analysis aimed to assess the diagnostic accuracy
of MRI for CNSTB in order to further inform the role of
MRI in the diagnosis of CNSTB.

METHODS AND ANALYSIS

Design and registration

We will perform a systematic review and meta-analysis
of the efficacy of MRI for the diagnosis of CNSTB. The
study has been registered on PROSPERO." We will
follow the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis for Diagnostic Test Accuracy

(PRISMA-DTA) guidelines to report this research.'” The
requirement for ethical approval was waived as this is a
systematic review and meta-analysis based on published
data. The PRISMA-Protocols reporting guidelines were
used to guide the reporting of the present study protocol.

Information sources

Several commonly used Chinese and English databases
(SinoMed, Wanfang database, China National Knowledge
Infrastructure (CNKI), Embase, the Cochrane Library
and PubMed) will be searched from database inception
to December 2023 to identify relevant studies on MRI
diagnosis of CNSTB. We will conduct an updated search
before the study is completed. References from relevant
reviews and meta-analyses will also be searched by hand to
identify potentially eligible studies.

Search strategy

The two researchers will develop an effective search
strategy through consultation. The English database will
be searched in English and the Chinese database will
be searched in Chinese. We will not restrict time during
the search process. The search strategy of PubMed is
presented in table 1. The other databases will use a similar
search strategy (online supplemental file 1).

Eligibility criteria

Study type

Studies that evaluate the diagnostic efficacy of MRI for
the diagnosis of CNSTB will be included, regardless of
the type of study.

Table 1 Search strategy for PubMed

“Intracranial tuberculosis” OR “cerebral tuberculosis” OR “central nervous system tuberculosis” OR “CNS
tuberculosis” OR “brain tuberculomas” OR “brain tuberculosis” OR “Tuberculosis, Meningeal” (MeSH) OR
“Meningeal Tuberculoses” OR “Meningeal Tuberculosis” OR “Tuberculoses, Meningeal” OR “TB Meningitis”

OR “TB Meningitides” OR “Tubercular Meningitis” OR “Meningitides, Tubercular” OR “Meningitis, Tubercular”

OR “Tubercular Meningitides” OR “Meningitis, Tuberculous” OR “Meningitides, Tuberculous” OR “Tuberculous
Meningitides” OR “Tuberculous Meningitis” OR “Tuberculosis Meningitis” OR “Meningitides, Tuberculosis” OR
“Meningitis, Tuberculosis” OR “Tuberculosis Meningitides” OR “Tuberculous Hypertrophic Pachymeningitis”

OR “Hypertrophic Pachymeningitides, Tuberculous” OR “Hypertrophic Pachymeningitis, Tuberculous” OR
“Pachymeningitides, Tuberculous Hypertrophic” OR “Pachymeningitis, Tuberculous Hypertrophic” OR
“Tuberculous Hypertrophic achymeningitides” OR “Spinal tuberculous arachnoiditis” OR “Spinal arachnoiditis” OR

#1 “intracranial tuberculoma”

#2 “Magnetic Resonance Imaging”(MeSH) OR “Imaging, Magnetic Resonance” OR “NMR Imaging” OR “Imaging,
NMR” OR “Tomography, NMR” OR “Tomography, MR” OR “MR Tomography” OR “NMR Tomography” OR
“Steady-State Free Precession MRI” OR “Steady State Free Precession MRI” OR “Zeugmatography” OR
“Imaging, Chemical Shift” OR “Chemical Shift Imagings” OR “Imagings, Chemical Shift” OR “Shift Imaging,
Chemical” OR “Shift Imagings, Chemical” OR “Chemical Shift Imaging” OR “Magnetic Resonance Image”

OR “Image, Magnetic Resonance” OR “Magnetic Resonance Images” OR “Resonance Image, Magnetic” OR
“Magnetization Transfer Contrast Imaging” OR “MRI Scans” OR “MRI Scan” OR “Scan, MRI” OR “Scans, MRI”
OR “Tomography, Proton Spin” OR “Proton Spin Tomography” OR “fMRI, Functional” OR “Functional MRI”
OR “Functional MRIs” OR “MRls, Functional” OR “Functional Magnetic Resonance Imaging” OR “Magnetic
Resonance Imaging, Functional” OR “Spin Echo Imaging” OR “Echo Imaging, Spin” OR “Echo Imagings, Spin”
OR “Imaging, Spin Echo” OR “Imagings, Spin Echo” OR “Spin Echo Imagings”

#3 #1 AND #2

MeSH, Medical Subject Headings.
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Participants

Studies assessing untreated CNSTB participants, both
children and adults, regardless of race and gender, will
be included.

Index tests
MRI will be considered as the index test.

Comparator test

Comparative tests (not the reference standard) will not
be mandatory in this study as long as the study reports the
diagnostic efficacy of MRI for the diagnosis of CNSTB,
whether single-arm or two-arm.

Outcomes

Diagnostic accuracy will mainly consist of the following
parameters: sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV) and the
areas under summary receiver operating characteristic
(SROC) curves (AUC). These parameters are the target
values that can be calculated in the study. Therefore,
these parameters will be used as the primary outcomes to
evaluate the diagnostic accuracy of MRI for CNSTB.

Reference standard

Culture or a composite reference standard (CRS) will be
considered as the reference standard. The CRS comprises
symptoms (such as headaches, vomiting and impaired
consciousness), radiographic features (such as tubercu-
loma, hydrocephalus, basal meningitis and infarcts), cere-
brospinal fluid biochemistry (such as elevated protein
and white blood cell counts, and decreased sugar and
chloride), MTB smear, MTB culture, NAATs and the effec-
tiveness of anti-TB treatment combined with a clinical
scoring system for diagnosing TBM.*"*! Except for micro-
biological evidence (MTB smear, culture and NAATs) that
can be singularly diagnostic of CNSTB, other parameters
need to be evaluated in combination for a final diagnosis.

Target conditions

Original studies that meet the eligibility criteria and
report clear reference criteria for compliance with this
protocol will be included. In the original study, the true
positive (TP), false positive (FP), false negative (FN)
and true negative (TN) values for the MRI diagnosis of
CNSTB will be extracted directly or obtained by calcula-
tion. If sufficient data were not reported in the original
studies to obtain these values, we will contact the authors
of the original studies to obtain additional information.
Studies for which full TP, FP, FN or TN values cannot
be extracted, studies published in languages other than
English or Chinese, abstracts that do not report the full
text and case reports will be excluded.

Literature screening and selection

EndNote V.9.2 will be used to manage the original study
obtained by searching each database. The literature will
be screened based on criteria for inclusion and exclu-
sion criteria identified in this protocol. Two independent

researchers (YS and LY) will conduct literature screening
by carefully reading the title, abstract and full text to
confirm whether the studies meet the inclusion criteria.
They will be cross-checked to ensure consistency of
results; in case of disagreement, a third investigator (HL)
will be used for resolution.

Data extraction

After identifying the included studies, relevant informa-
tion from the included studies, including general char-
acteristics of the studies and information related to the
diagnosis of CNSTB using MRI, will be extracted. The
general study characteristics will include the name of
the first author, year of study publication, the country
where the study was conducted, type of study design,
type of patient selection, sample size and type of CNSTB.
Relevant data for the diagnosis of CNSTB using MRI will
include TP, FP, FN, TN values, type of MRI (enhanced
or not), type of MRI parameters and MRI presentation
(hydrocephalus, basal meningitis, infarcts). As in the liter-
ature screening phase, two independent researchers will
extract relevant data and inconsistencies will be resolved
through discussions with a third investigator.

Methodological quality assessment

Quality Assessment of Diagnostic Accuracy Studies
(QUADAS-2) will be used to evaluate the methodological
quality of each included study.” This revised assessment
tool includes four domains (patient selection, index test,
reference standard and flow and timing). The two inde-
pendent investigators will conduct the methodological
quality evaluation of each included study and will perform
cross-checking. Also, disputed areas will be resolved
through discussion with a third investigator. Egger’s test
and funnel plots will be used to carry out a formal assess-
ment of publication bias.

Data synthesis and statistical analysis

The TP, FP, FN and TN values obtained from the orig-
inal studies to diagnose CNSTB using MRI will be used to
calculate the pooled sensitivity, specificity, PPV, NPV and
their corresponding 95% CIs. I” statistics will be applied to
assess heterogeneity between included studies: an I value
of 0% indicates no heterogeneity between studies, and an
I* value >50% indicates significant heterogeneity between
studies.”” In case of significant heterogeneity between
studies, we will explore possible sources of heterogeneity
through subgroup analysis and meta-regression analysis
if a sufficient number of studies are included. Subgroup
analysis and meta-regression analysis will be conducted
on different types of study designs, types of patient selec-
tion, types of CNSTB, types of MRI, types of MRI param-
eters and MRI presentation. Sensitivity analysis will be
used to evaluate the robustness of the correlation anal-
ysis. Also, we will calculate the combined AUC and the
corresponding 95% CI Stata V.15.0 (StataCorp, College
Station, Texas, USA) with the midas command?*! and
RevMan V.5.3 (Cochrane Collaboration, Oxford, UK) will
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be used to perform a meta-analysis and generate forest
plots and SROC curves. A p value<0.05will be considered
statistically significant for the relevant statistical analyses.

Evidence evaluation

Grading of Recommendations Assessment, Develop-
ment and Evaluation guidelines will be used to assess the
quality of evidence.” Based on the assessment, the quality
of evidence will be classified into high, moderate, low and
very low levels.”

Patient and public involvement
None.
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