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Abstract

Background Gastrointestinal strictures impact clinical presentation in abdominal tuberculosis and are associated
with significant morbidity.

Aim To conduct a systematic review of the prevalence of stricturing disease in abdominal and gastrointestinal tuber-
culosis and response to antitubercular therapy (ATT).

Methods We searched Pubmed and Embase on 13th January 2022, for papers reporting on the frequency and
outcomes of stricturing gastrointestinal tuberculosis. The data were extracted, and pooled prevalence of stricturing
disease was estimated in abdominal tuberculosis and gastrointestinal (intestinal) tuberculosis. The pooled clinical
response and stricture resolution (endoscopic or radiologic) rates were also estimated. Publication bias was assessed
using the Funnel plot and Egger test. The risk of bias assessment was done using a modified Newcastle Ottawa Scale.

Results Thirty-three studies reporting about 1969 patients were included. The pooled prevalence of intestinal
strictures in abdominal tuberculosis and gastrointestinal TB was 0.12 (95%Cl 0.07-0.20, I? =89%) and 0.27 (95% Cl
0.21-0.33, 1>’ =85%), respectively. The pooled clinical response of stricturing gastrointestinal tuberculosis to antituber-
cular therapy was 0.77 (95%Cl 0.65-0.86, I> = 74%). The pooled stricture response rate (endoscopic or radiological)
was 0.66 (95%C| 0.40-0.85, 1>=91%). The pooled rate of need for surgical intervention was 0.21 (95%C| 0.13-0.32,
I?=70%), while endoscopic dilatation was 0.14 (95%C| 0.09-0.21, > =0%).

Conclusion Stricturing gastrointestinal tuberculosis occurs in around a quarter of patients with gastrointestinal
tuberculosis, and around two-thirds of patients have a clinical response with antitubercular therapy. A subset of
patients may need endoscopic or surgical intervention. The estimates for the pooled prevalence of stricturing disease
and response to ATT had significant heterogeneity.
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Introduction

Abdominal tuberculosis is an important form of
extra-pulmonary tuberculosis. It has a varied clini-
cal presentation depending on the site of involvement:
peritoneum, intestines, visceral organs, and/or abdomi-
nal lymph nodes. Tuberculous peritonitis and gastroin-
testinal tuberculosis (GITB) are the two most frequent
patterns. The ileocecal region is the most common site
of tuberculosis involvement in the intestine (25 to 90%).
The morphologic patterns of GITB include ulcerative,
hypertrophic, stricturing, or a combination of these.
[1, 2] For the purpose of this systematic review we have
used the ‘abdominal tuberculosis’ as an umbrella term
that encompasses both the luminal (intestinal or gas-
trointestinal tuberculosis) and peritoneal tuberculosis
(tuberculous peritonitis). While strictures are more
frequent in intestinal tuberculosis, they may also occa-
sionally occur in peritoneal tuberculosis due to perito-
neal fibrosis and adhesions.

Mycobacterium tuberculosis, upon penetration of the
intestinal mucosa, initiates a local inflammatory reac-
tion in the submucosal lymphoid tissue. This leads to
lymphangitis, granuloma formation, caseation necro-
sis, mucosal ulceration, and scarring [3]. The clinical
presentation of abdominal tuberculosis depends on the
underlying morphology: extensive ulcerations are usu-
ally associated with diarrhea, while stricture and hyper-
trophic forms may present with abdominal pain and
intestinal obstruction features [1-4]. The reasons for
the predominance of a particular morphologic pattern
in an individual patient are unclear. Recurrent episodes
of pain and obstruction may lead to frequent hospitali-
zations, poor quality of life, and the need for surgical
interventions amongst this subset of patients. Gastro-
intestinal strictures are reported in a variable number
of patients with tuberculosis: the variations are due to
differing populations (intestinal or peritoneal or both)
or selection bias (surgical series versus medically man-
aged patients) in the published reports. Strictures in
GITB may be inflammatory or fibrotic, depending pre-
dominantly on the activity and duration of the disease.
Response of the intestinal strictures to anti-tubercular
therapy (ATT) is varied as the inflammatory compo-
nent may get resolved with treatment but also lead to
healing and scarring with subsequent persistence of
the fibrotic stricture. The response of tubercular stric-
tures to ATT could be a clinical response (resolution
of symptoms of stricture like intestinal obstruction or
pain) or stricture response (resolution of stricture as
assessed using radiology or endoscopy).

Therefore, we planned a systematic review to study
the frequency of stricturing GITB in patients with
abdominal TB and GITB, response to ATT and need
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for intervention (endoscopic dilatation or surgery) in
these patients.

Methods

This meta-analysis was conducted in accordance with
the Meta-analysis Of Observational Studies in Epidemi-
ology (MOOSE) group recommendations and Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) guidance. [5, 6]

Search strategy

We searched Pubmed and Embase for articles reporting on
frequency;, clinical outcomes, and the need for intervention
(surgery or endoscopic dilatation) in patients with strictur-
ing gastrointestinal tuberculosis. The search was recent
till 13th January, 2022. The search strategy combined
the terms “Intestinal Tuberculosis” OR “Gastrointestinal
Tuberculosis” OR “Peritoneal Tuberculosis” OR “Tuber-
culous peritonitis” OR “Abdominal Tuberculosis” with
stricture’ OR ‘fibrosis’ OR ‘stenosis’ OR ‘surgery’ using the
operator ‘AND: The detailed search strategy is depicted in
Additional file 1: Table S1. The results were combined, and
duplicates were removed. The title and abstract screening
were done by two reviewers (RM and KR) independently.
The titles selected underwent full-text screening.

Study selection and data extraction

All articles, irrespective of article type or the language
of publication, which provided data relevant to the study
question were included. This included one or more of the
following.

(1) Frequency of intestinal strictures or stricturing dis-
ease in patients with intestinal or abdominal tuber-
culosis

(2) Frequency of clinical response, stricture improve-
ment (as determined using radiological and endo-
scopic assessment) in stricturing intestinal tubercu-
losis

We excluded studies that reported on a series of <10
patients, those which did not provide clear data for stric-
turing disease separately, and series which reported pre-
dominantly or solely on surgically managed patients and
studies. For each planned analysis, we excluded those
studies with a total patient number of 5 or less eligible for
that analysis. We also excluded those study types which
did not provide original data like reviews, letters, and
guidelines. Abstracts were included if they provided rel-
evant information.

The data were extracted from each of the studies for the
type of study population (abdominal TB or intestinal TB
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or both), mean age and gender, frequency of stricturing
disease in the subset of abdominal TB and gastrointesti-
nal tuberculosis, clinical response (and its definition) to
antitubercular therapy (ATT), stricture resolution (endo-
scopic or radiologic) and requirement of intervention
(surgery or endoscopic balloon dilatation). Data extrac-
tion was done by two reviewers independently (A], RM)
and any discrepancies were resolved by mutual discus-
sion with a third reviewer (VS).

Definitions

For the purpose of this systematic review, we have used
the ‘abdominal tuberculosis’ as an umbrella term that
encompasses both the luminal (intestinal or gastrointes-
tinal tuberculosis) and peritoneal tuberculosis (tubercu-
lous peritonitis). Gastrointestinal tuberculosis specifically
refers to intestinal (i.e. luminal) involvement.

Outcomes

We calculated the pooled prevalence of stricturing GITB
in patients with abdominal TB. We also calculated the
pooled prevalence of stricturing GITB in patients with
intestinal TB. We calculated pooled clinical response rate
and pooled stricture response (endoscopic and radio-
logic) rates after ATT. We calculated the pooled rates of
intervention required in stricturing GITB i.e. surgery or
endoscopic dilatation.

Analysis

We used the R statistical software version 4.1.2 for the
analysis and in addition to the base package, meta and
metafor packages were used. [7, 8] We calculated the
pooled prevalence rates using a random effect method
with an inverse variance approach. Logit transformations
were made for the individual rates before computation of
the pooled summary.

The heterogeneity was assessed using the I? statistic,
and heterogeneity of >50% was considered as high. We
performed subgroup analyses based on the site of dis-
ease, type of studies (prospective, retrospective), and the
duration of ATT to evaluate the heterogeneity. Sensitivity
analysis was also performed after excluding studies with
a high or fair risk of bias. Baujat plots were constructed
to identify studies contributing to heterogeneity.

Risk of bias

Two of the investigators (AJ and PB) independently
assessed the methodological quality and risk of bias of
studies using a modified Newcastle Ottawa Scale. [9]
Any discordance in risk of bias, was settled with mutual
agreement with a third reviewer (VS). Since no compara-
tive analyses was performed for this proportional meta-
analysis, we removed the comparability domain in the

Page 3 of 14

modified scale. We considered only those studies to be of
good quality if the score was seven. Publication bias was
assessed using Funnel plot (standard and Trimfill) and
Egger test. [10]

Results

Study selection

The result of the search yielded 6852 citations. (Fig. 1,
PRISMA flow chart) Of the total of 6852 studies, there
were 873 duplicates. We excluded 5914 citations after
the abstract screening, and 65 citations were screened
for full text. We obtained 2 further studies after manually
searching the references of included studies. After full-
text screening, we excluded 34 studies that did not fulfill
the inclusion criteria. Eventually, 33 studies (30 full texts
and 3 abstracts) were included in the final analysis. The
details of the included studies are illustrated in Table 1.
[11-43] The details of the excluded studies are illustrated
in Additional file 1: Table S2.

Prevalence of stricturing GITB

Overall, 9 studies (902 patients) reported the frequency
of stricturing GITB in the setting of abdominal TB. The
pooled prevalence of intestinal strictures in abdominal
TB was 0.12 (95% CI 0.07-0.20, I*=89%) (Additional
file 1: Fig. S1) (Fig. 2).

For gastrointestinal tuberculosis, 31 studies (1835
patients) reported the frequency of intestinal strictures.
The pooled prevalence of intestinal strictures in gastro-
intestinal TB was 0.27 (95%CI 0.21-0.33, I>*=85%)
(Fig. 3). The Baujat plot constructed for studies suggested
that the studies by Singh H et al. 2018, Jung Y et al. 2016,
Agarwal P et al. 2017 contributed the maximum to the
heterogeneity (Additional file 1: Fig. S2). [13, 23, 37]
However, for the lack of clear reasoning to exclude these
we did not perform a sensitivity analysis after removing
these studies. To evaluate heterogeneity, we conducted
a subgroup analysis by stratifying the studies by stric-
ture site. However, the heterogeneity remained high.
There were 7 studies (348 patients) reporting the fre-
quency of strictures in colonic tuberculosis. The pooled
prevalence of stricturing disease in colonic TB was 0.32
(95%CI 0.23-0.43, I*=74%) (Additional file 1: Fig. S3).
Subgroup analysis based on the study types found that
one study with an unclear design had the lowest preva-
lence (0.16, 0.7-0.30) while one with ambispective design
had the highest prevalence (0.45, 0.39-0.51) of strictur-
ing disease. The prevalence of strictures was higher in
retrospective studies (0.29, 0.21-0.37) and compared
to prospective studies (0.22, 0.14-0.32) (Additional
file 1: Fig. S4). The subgroup analysis on the basis of the



Jena et al. BMC Gastroenterology (2023) 23:46

Page 4 of 14

‘o
Records identified through database search
= (14255 Records) — PubMed
2 (2597 Records) — EMBASE
8
&
-
c
7}
=
Total records identified
— (n=6852)
— Duplicate records were removed
(n=873)
w Records screened for title and abstract
£ (n=5979)
c
o
g
a Records removed after initial screening (title and abstract)
. (n=5914)
g Unrelated
Review, Comment, meta-analysis
—
‘o
Articles assessed for eligibility after full text
o (n = 65) + articles from additional search from references(n=2)
]
3
%D Articles excluded after full text with reason: 34
—
‘o
°
[}
E
= Studies included in systematic review (n =33 )
c
—

Fig. 1 The PRISMA flow chart showing the process of screening and selection of eligible studies

duration of ATT did not suggest any differences in stric-
turing disease (P=0.9677) (Additional file 1: Fig. S5).

Sensitivity analysis by including only the six studies
deemed low risk of bias, suggested that pooled estimates
of stricturing disease were similar (0.36, 95% CI 0.24;
0.49) (Additional file 1: Fig. S6).

Response to therapy

The definitions of clinical response and clinical cure
in each study have been provided in Additional file 1:
Table S3. For the purpose of analysis, we used the clini-
cal response rates wherever available. Eleven studies (313
patients) of tubercular intestinal strictures reported clini-
cal responses to therapy. The pooled clinical response
of strictures to therapy was 0.77 (95%CI 0.65-0.86,
1>=74%) (Fig. 4). The stricture response/resolution as
defined on the basis of endoscopic or radiological crite-
ria in each study has been provided in Additional file 1:
Table S3. The pooled stricture response rate (5 stud-
ies, 190 patients) was 0.66 (95%CI 0.40—0.85, I>=91%)

(Fig. 5). The differing definitions of stricture response and
differing modalities (endoscopic/radiologic) contributed
to the heterogeneity. A leave-one-out analysis was per-
formed, and on omitting Aggarwal P 2017, the stricture
response was 0.76 [0.65; 0.84] with I>?=0% (Additional
file 1: Fig. S7).

Need for intervention

The pooled rate of surgery (12 studies, 328 patients) was
0.21 (95% CI 0.13-0.32, >=70%). The pooled rate of
endoscopic dilatation (4 studies, 192 patients) was 0.14
(95%CI 0.09-0.21, I*=0%) (Fig. 6).

Risk of bias
The results of the risk of bias assessment are shown in
Additional file 1: Table S4. Of the included studies, six
were of good quality, fifteen were of fair quality, and the
remaining were of poor quality.

The publication bias for the studies reporting
the frequency of stricturing disease in patients of
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Study Events Total Proportion 95%-Cl Weight
Palmer KR 1985 10 42 —— 0.24 [0.12;0.39] 3.5%
Bhargava DK 1992 10 29 —— 0.34 [0.18;0.54] 3.4%
Singh V 1996 17 62 —— 0.27 [0.17;0.40] 3.7%
Kim KM 1998 3 42 B— 0.07 [0.01;0.19] 2.6%
Makanjuola D 1998 8 21 —— 0.38 [0.18;0.62] 3.1%
Misra SP 1999 12 50 —— 0.24 [0.13;0.38] 3.6%
Das HS 2000 3 21 —m——— 0.14 [0.03;0.36] 2.5%
Nagi B 2013 40 74 - —— 0.54 [0.42;0.66] 3.9%
Uygur-Bayramicli O 2003 1 19 #—— 0.05 [0.00;0.26] 1.5%
Alvares JF 2005 10 43 —— 0.23 [0.12;0.39] 3.5%
Lee YJ 2006 8 44 —W— 0.18 [0.08;0.33] 3.4%
Amrapurkar DN 2008 5 26 ——— 0.19 [0.07;0.39] 3.0%
Hu ML 2009 1 3 —m 0.33 [0.01;0.91] 1.2%
Tripathi PB 2009 57 110 - - 0.52 [0.42;0.61] 4.0%
Dutta AK 2011 4 24 —B——— 0.17 [0.05;0.37] 2.8%
Deka UJ 2012 7 4 —— 0.16 [0.07;0.30] 3.3%
Mukewar S 2012 30 69 - —i— 0.43 [0.32;0.56] 3.9%
Zhu QQ 2014 22 35 —— 0.63 [0.45;0.79] 3.5%
Fillion A 2015 1 7 - 0.14 [0.00;0.58] 1.4%
Larsson G 2015 3 30 — 0.10 [0.02;0.27] 2.6%
Gan H 2016 16 81 —— 0.20 [0.12;0.30] 3.7%
Jung Y 2016 9 9 W 0.09 [0.04;0.17] 3.5%
Khan R 2016 17 102 - 0.17 [0.10;0.25] 3.8%
Sinha S 2017 13 32 —— 0.41 [0.24;0.59] 3.5%
Aggarwal P 2017 128 286 - 0.45 [0.39;0.51] 4.1%
Kentley J 2017 9 61 —W— 0.15 [0.07;0.26] 3.5%
Singh H 2018 48 75 —— 0.64 [0.52;0.75] 3.9%
Cheng W 2019 11 49 —— 0.22 [0.12;0.37] 3.5%
Udgirkar S 2019 29 162 s of 0.18 [0.12;0.25] 4.0%
Lu S 2020 6 10 § | 0.60 [0.26;0.88] 2.5%
Lu'Y 2021 24 84 —— 0.29 [0.19;0.39] 3.9%
Random effects model 1835 - 0.27 [0.21; 0.33] 100.0%
Heterogeneity: 2= 85%, 2= 0.5779, p <0.01 ' ' ' '
02 04 06 08

Fig. 2 Forest Plot showing the pooled prevalence of stricturing disease in patients with gastro-intestinal tuberculosis

gastro-intestinal TB was assessed using Funnel plot
and Eggers’ test (Additional file 1: Fig. S8). The Eggers’
test suggests the presence of publication bias (¢ statis-
tic=— 2.91, p=0.007). However, the visual interpreta-
tion of the funnel plot suggests a significant horizontal
scatter of even the powerful studies suggesting that the
results may be due to underlying heterogeneity. The use
of trimfill method made the plot more symmetrical but
with many studies still outside the funnel. The adjusted
pooled estimate of stricturing in abdominal tubercu-
losis was 0.36 [0.28; 0.44] (with 10 additional ‘missing’
studies).

Discussion

The results of the present systematic review suggest that
stricturing GITB is a significant problem that could be
encountered in around a quarter of the patients with gas-
trointestinal tuberculosis. The findings also suggest that
while most patients have a clinical response and improve-
ment in strictures with antitubercular therapy, around
21% of stricturing GITB may need surgical intervention
to alleviate the persistent symptoms (Fig. 6). The rates of
endoscopic interventions are lower than those of surgery;
this may be due to lack of access or feasibility of endo-
scopic dilatation. Endoscopic dilatation is feasible only in
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Study Events Total Proportion 95%-Cl Weight
Anand BS 1988 31 34 —— 0.91 [0.76;0.98] 9.6%
Bhargava DK 1992 7 10 i 0.70 [0.35;0.93] 8.6%
Singh V 1996 17 17 P—a 1.00 [0.80;1.00] 3.5%
Misra SP 1999 10 12 —Iil 0.83 [0.52;0.98] 7.7%
Alvares JF 2005 8 10 . 0.80 [0.44;0.97] 7.6%
Mukewar S 2012 26 30 ——— 0.87 [0.69; 0.96] 10.5%
Deka UJ 2012 7 7 § u 1.00 [0.59;1.00] 3.4%
Sinha S 2017 9 13 i 0.69 [0.39;0.91] 9.7%
Aggarwal P 2017 52 104 —— : 0.50 [0.40;0.60] 14.7%
Singh H 2018 26 48 —— 0.54 [0.39;0.69] 13.7%
Udgirkar S 2019 23 28 —— 0.82 [0.63;0.94] 11.1%
Random effects model 313 —— 0.77 [0.65; 0.86] 100.0%

Heterogeneity: I? = 74%, = 0.5883, p < 0.01 '

04 05 06 0.7 08 09 1

Fig. 3 Forest Plot showing the pooled clinical response rates to anti-tubercular therapy in patients with stricturing gastrointestinal tuberculosis

Study Events Total Proportion 95%—-Cl Weight
Anand BS 1988 16 23 —— 0.70 [0.47;0.87] 20.6%
Misra SP 1999 10 12 L 0.83 [0.52;0.98] 16.2%
Mukewar S 2012 17 21 — 0.81 [0.58;0.95] 19.2%
Aggarwal P 2017 25 106 — ; 0.24 [0.16;0.33] 23.1%
Udgirkar S 2019 21 28 ——— 0.75 [0.55;0.89] 20.8%
Random effects model 190 —_— 0.66 [0.40; 0.85] 100.0%
Heterogeneity: 12 = 91%, 12 = 1.2294, p < 0.04 ' ' !
0.2 04 0.6 0.8

Fig. 4 Forest Plot showing the pooled stricture response rates to anti-tubercular therapy in patients with stricturing gastrointestinal tuberculosis

relatively shorter strictures, which can be accessed using
colonoscopy.

Gastrointestinal strictures are one of the morphologi-
cal patterns which are seen in the spectrum of abdomi-
nal tuberculosis. They are important, although not the
only, cause of abdominal pain and intestinal obstruction
in these patients. Other important causes of intestinal
obstruction could be mass-forming (pseudo-tumoral or
hypertrophic) intestinal tuberculosis, adhesions due to
peritoneal involvement, or the formation of abdominal
cocoon [1-4, 44, 45]. Nevertheless, strictures are one
of the potentially treatable causes of symptoms because
part of the pathophysiological processes is potentially
reversible. Our analysis demonstrates that symptomatic
improvement occurs in most patients with ATT. Some
amount of stricture resolution also occurs in most of the
patients. However, a complete resolution of the strictures
is infrequent. This correlates with the pathophysiological

understanding of two dominant phenomena partici-
pating in stricture formation: inflammatory narrowing
and fibrosing stenosis. Often the tubercular strictures
are associated with ulcerations, and with antitubercu-
lar therapy, there is a healing of the ulcers [46, 47]. As
against the lesions in Crohn’s disease, tubercular ulcers
are typically non-penetrating, and the associated edema
is also less than in CD. The degree of fibrosis is variable
and possibly relates to the duration of the disease process
[48]. This suggests that the narrowing may be reversible
at least early in the disease course. This would resolve
symptoms in most patients, but morphological anomalies
may persist.

Although we had planned for analysis of the clinical
presentation of stricturing GITB, most of the studies
reported the clinical presentation of the entire subset
of the GITB (with or without strictures). Nevertheless,
most studies suggest abdominal pain and features of
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Proportion 95%-Cl Weight

Misra SP 1999 1 12 0.08 [0.00; 0.38] 3.3%
Aggarwal P 2017 12 104 - 0.12 [0.06;0.19]  8.9%
Singh H 2018 10 48 —— 0.21 [0.10; 0.35] 8.5%
Udgirkar S 2019 3 28 W— 0.11 [0.02; 0.28] 6.0%
==
Anand BS 1988 3 34 B 0.09 [0.02;0.24] 6.1%
Millar AJW 1990 4 16 — 0.25 [0.07;0.52] 6.3%
Bhargava DK 1992 3 10 —i 0.30 [0.07;0.65] 5.4%
Misra SP 1999 2 12 ] 0.17 [0.02; 0.48] 4.8%
Alvares JF 2005 2 10 n 0.20 [0.03;0.56] 4.7%
Khan R 2006 11 17 L] 0.65 [0.38;0.86] 7.0%
Mukewar S 2012 4 30 —W— 0.13 [0.04;0.31]  6.7%
Sinha S 2017 4 13 — 0.31 [0.09;0.61] 6.1%
Aggarwal P 2017 7 104 W 0.07 [0.03;0.13] 8.1%
Singh H 2018 14 48 —— 0.29 [0.17;0.44] 8.8%
Udgirkar S 2019 2 28 ®B— 0.07 [0.01;0.24] 5.1%
Lu S 2020 2 6 : = 0.33 [0.04;0.78] 4.2%
'.
Fig. 5 Forest plot showing the pooled rates of a endoscopic dilatation b surgery in patients with stricturing gastrointestinal tuberculosis
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Fig. 6 Pictorial depiction of the summary of findings of the systematic review

intestinal obstruction dominate the clinical presenta-
tion of stricturing GITB [11, 13, 31]. The predictors of
clinical outcomes, need of endoscopic dilatation or sur-
gery are unclear. In a study by Anand BS et al., young

females with longer duration of symptoms were less
likely to have a radiological response [11]. The site of
the stricture did not seem to impact the outcomes. In
contrast, a large recent study from India suggested that
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colonic strictures are less likely to respond to ATT [13].
Understandably, the resolution rates were also worse in
the patients with longer (>3 c¢cm long) or multiple stric-
tures [13]. The present systematic review also provides
estimates of the need for interventions in these patients
with around one-fifths of the patients requiring sur-
gery. This suggests that a fraction of the patients might
have dominant fibrosis related strictures and do not
improve with ATT. It is unclear if preoperative evalu-
ation using imaging could differentiate inflammatory
strictures from fibrotic strictures and therefore predict
response to ATT. This differentiation has been reported
in the setting of CD but not in GITB [49].

Our systematic review has certain limitations: we
could not analyze the frequency of the involvement
of various sites and response to ATT because of vari-
able definitions of the site and lack of data regarding
response (Additional file 1: Table S5). The diagnos-
tic criteria used in various studies were also different
and could be responsible for the heterogeneity (Addi-
tional file 1: Table S6). We attempted to evaluate high
heterogeneity using subgroup analyses and sensitivity
analyses, but these could not explain the heterogene-
ity completely. Also, we did not have data regarding the
clinical features, as most studies reported clinical fea-
tures for the entire subset of GITB. This was because
the reporting was variable: some studies reported dis-
tal ileum and ileocecal together, while others reported
terminal ileum strictures with small bowel. We could
not calculate the frequency of clinical symptoms of
stricturing GITB as most studies provided clinical fea-
tures for the entire group of patients with GITB. The
impact of the site of involvement on clinical improve-
ment or stricture resolution could also not be estimated
because only a few studies provided data separately
for resolution rates depending on the site. We had to
exclude a large number of studies that provided data
only from surgical series because of selection bias
towards ‘severely symptomatic’ GITB requiring surgi-
cal intervention. In addition, while we have pooled the
need for surgery and endoscopic dilatation- the stand-
ards for these therapies could be variable between vari-
ous centers, and the choice of therapy may depend on
the local preferences and expertise. The impact of dis-
ease duration on the degree of strictures and, eventu-
ally, the impact of the degree of strictures on response
to ATT may be better estimated by an individual par-
ticipant meta-analysis with complete details of stric-
ture estimates based on radiological or endoscopic
criteria. Because of the heterogeneity in study design,
participants, and outcomes estimation, we used a
random effects model- however, such a model tends
to weigh the study effects more equally and provide
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more conservative estimates. The study has multiple
strengths apart from being the first such analysis of the
frequency and impact of stricturing GITB. The analysis
included a large number of studies, and we could ana-
lyze the frequency of stricturing disease separately for
colonic tuberculosis. The study also provided estimates
on clinical improvement and stricture response which
could help the clinicians in appropriate prognostication
of such patients.

Future studies should try to address the issues of
heterogenity in disease definitions, study populations,
response assessment. This can be accomplished by
clear case definitions (microbiologically diagnosed or
clinically diagnosed case) of tuberculosis, clear defini-
tion of site of involvement, timing of stricture develop-
ment (symptom duration and relationship with ATT),
standard therapy in all cases and clear criteria to define
strictures and response (imaging for small bowel and
colonoscopy for large intestine) and homogenous
assessment of timing of response assessment.

Conclusion

The present systematic review found that stricturing
disease occurs in around a quarter of patients with gas-
trointestinal tuberculosis. Most patients (three-fourths)
have a symptomatic improvement with antitubercu-
lar therapy, while the response of strictures is slightly
lower (two-thirds). A substantial number of patients
require intervention, including endoscopic dilatation or
surgical intervention (one-fifth). Although the present
systematic review reports these clinically relevant esti-
mates, these should be interpreted cautiously because
of the significant heterogeneity in the analyses espe-
cially in relation to the pooled prevalence of strictur-
ing disease and clinical response of stricturing disease
to ATT.
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