
eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk

Universities of Leeds, Sheffield and York

Deposited via The University of Sheffield.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/id/eprint/91288/

Version: Accepted Version

Article:

Morar, P.S., Faiz, O., Warusavitarne, J. et al. (2015) Systematic review with meta-analysis:
Endoscopic balloon dilatation for Crohn's disease strictures. Alimentary Pharmacology and
Therapeutics, 42 (10). 1137 - 1148. ISSN: 0269-2813 

https://doi.org/10.1111/apt.13388

Reuse 

Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless 
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by 
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of 
the full text version. This is indicated by the licence information on the White Rose Research Online record 
for the item. 

Takedown 

If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 

mailto:eprints@whiterose.ac.uk
https://doi.org/10.1111/apt.13388
https://eprints.whiterose.ac.uk/id/eprint/91288/
https://eprints.whiterose.ac.uk/


F
o
r P

eer R
eview

�

�

�

�

�

�

�����������	�
�������
��������
���������

�
���	���	�������
����������
���
�	
��
�����������

��
�	��
���
�

�

�������	� ��������	
��
�	�������
����
�	���������


������
�����	� ������

�
������
������
�������	� ��������
�����
����
���
����������
��

���������
������������������	� � ��

!��������"
�������������	� 
����#�$�
����%����
��&'��(���
���#�!�������������)���������*�%������
���

!����)�#����)����
+�
,#�-���%����
��&'��(���
���#�!�������������)���������*�%������
���
!����)�#����)����
�������
�����#����
����%����
��&'��(���
���#�!�������������)���������*�%�
�����
���!����)�#����)����
*����#�������%�������(�������
���(���
���#��
!����#��
�����%�.�
����
���!����)��(���
���#������������)����
(
��#����
��%�.�
����
�����������
���#��
���������
�#�����%�/������
��
����!�����#��
��)�����#�0�
��%�/������
��
����!�����#��
�������#����
�%�.�
����
�����������
���#��
������#����%���������1�������(���
���#��

�
����#�1�����%���������1�������(���
���#��
*����#�������%�.�
����
���!����)��"������(���
�����2(��3����#�
1�������������)��
����
#�2�
��%����
��&'��(���
���#�!�������������)���������*�%����
��&'��
(���
���#�1�������������)�%������
���!����)�#����)����

0�������	�
!����4���
������5��
�����������#���������������������
������5��
������
�����#�!�����������5�3��
��#�6���������5�3��
���

��

�

�

Alimentary Pharmacology & Therapeutic



F
o
r P

eer R
eview

1 

 

�����������	�
�������
��������
����������
���	���	�������
����������
�

��
�	
��
�������������
�	��
���

Pritesh Morar 
1 2

, Omar Faiz 
1 2

, Janindra Warusavitarne 
1 2

, Steve Brown 
3
, Richard Cohen 

4
, David Hind 

3
, 

John Abercrombie 
5
,
 
Krish Ragunath 

5
, David S. Sanders 

3
, Ian Arnott 

6
, Graem Wilson

 6
, Stuart Bloom 

4
, 

Naila Arebi 
1 2

 on behalf of Crohn’s Stricture Study (CroSS) Group 

1.� Department of Surgery and Cancer, Imperial College, London, UK 

2.� St Mark’s Hospital, London, UK 

3.� Royal Hallamshire Hospital, Sheffield, UK 

4.� University College Hospital, London, UK 

5.� Queen’s Medical Centre, Nottingham, UK 

6.� Western General Hospital, Edinburgh, UK 

Corresponding author: Dr Naila Arebi, St Mark’s Hospital, Watford Road, Harrow London HA1 3UJ 

naila.arebi@imperial.ac.uk; Tel: 020 8235 4084  

Disclosures – None to declare 

Keywords – “Crohn's disease”, “strictures”, “fibrosis”, “endoscopic balloon dilatation” 

Word count:  4216

Page 1 of 62 Alimentary Pharmacology & Therapeutic

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60



F
o
r P

eer R
eview

2 

 

����
�	��

��������� �

Endoscopic balloon dilatation is a recognised treatment for symptomatic Crohn’s strictures. Several case 

studies report its short term and long term efficacy.  A systematic analysis of the current literature is needed 

to define its overall efficacy and inform the design of future studies.  

�!"�

The primary objective was to examine symptomatic response, technical response and adverse events of 

endoscopic balloon dilatation. Stricture characteristics that may impact on outcome were also explored. 

�#$%� &�

A systematic search strategy of COCHRANE, MEDLINE, EMBASE and OVID was performed.  All 

original studies reporting outcomes of endoscopic balloon dilatation for Crohn’s strictures in the adult 

population were included.  Pooled event rates across studies were expressed with summative statistics. 

Heterogeneity across studies was assessed numerically.   


#&�'$&�

25 studies were included capturing 1089 patients and 2664 dilatations.  The pooled event rates for 

symptomatic and technical response was 74.8% (95% CI: 69.9I79.3%; I2: 0%) and 90.6% (95% CI: 87.8I

92.8%; I2:11.7%), respectively. The pooled event rates for complications and perforations was 6.4% (95% 

CI: 5.0I8.2; I2:4.0%) and 3% (95% CI: 2.2I4.0%; I2:0%), respectively. Inflammatory activity and 

anastomotic strictures may be associated with lower symptomatic response and inflammatory activity with 

higher perforation rate.  

	���'�&!����

The efficacy and complication rates of endoscopic balloon dilatation treatment for symptomatic Crohn’s 

strictures was higher than previously reported. Efficacy may be affected by active inflammation, previous 
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surgery and choice of outcome measure. Future studies should examine differential effects on stricture types 

using a clinically relevant outcome measure. 

Prospero Registration Number: CRD42015015758 
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Strictures in Crohn’s disease usually develop during the course of the disease 
[1 2]

 but in 5I27% of cases they 

are the presenting feature.
[2I5]

  Strictures may also arise following surgery.
[6]

  Both types may either be 

inflammatory or fibrotic or include both elements.  The majority (98.8%) are found in the colon, ileoIcolonic 

region, and ileum after 10 years of disease. 
[6]

 

 

The understanding of the pathogenesis of fibrosis in Crohn’s disease is evolving. Chronic inflammation 

leads to thickening of the mucosa and narrowing of the gut lumen. 
[6I8]

  Thereafter, disruption in the normal 

extracellular matrix and irregular activity of fibroblasts contribute to an imbalance of collagen deposition. 

Anastomotic strictures on the other hand, develop through a combination of local and technical factors, such 

as bacterial stasis from postoperative narrowing of the lumen, high intraluminal pressures, or vascular 

compromise resulting in tissue ischemia, leaking, or infection which drive healing by tissue fibrosis. 
[9 10]

 

 

Environmental, genetic and serological factors are also implicated in the evolution of strictures. Smoking 

was associated with an increased rate of progression from inflammatory to stricturing disease in one 

study.
[11]

  In separate studies, mutations in the NOD2 gene were associated with small bowel fibroIstenosing 

Crohn’s Disease,
[12]

 whereas the NOD2/CARD15 genotype was an independent risk factor for early surgical 

intervention due to strictures.
[13]

  Antimicrobial antibodies are linked to complications in Crohn’s disease but 

are not restricted to stricturing disease.
[14]

  Further studies using animal models of intestinal fibrosis may 

offer further insights into the pathogenesis such as factors promoting of stricture progression, markers of 

early diagnosis and modulation of fibrosis pathway to arrest or reverse the process.
[8 15]
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Small bowel strictures have a greater impact on individuals than colonic strictures because of the narrower 

lumen and loss of absorptive surface.  Prompt therapy and preservation of small bowel are key factors in the 

management of small bowel CD strictures.  The ECCO consensus on management of Crohn's disease 

recommends resection, strictureplasty or balloon dilatation as alternatives after initial medical treatment for 

localised small bowel or ileoIcolic disease.
[16]

  In clinical practice, the therapeutic choice is determined by 

stricture characteristics: accessible, short and anastomotic strictures are best considered for endoscopic 

balloon dilatation whereas endoscopically inaccessible, multiple and >5cm in length are suited to surgical 

approaches. Strictureplasty and bowel resection, carry short term risks of anastomotic leak, wound 

complications and the possibility of stoma formation and long term risks from recurrent disease, reoperation 

and short bowel.
[17 18]

  Balloon dilatation offers a more attractive option because of its ease of administration 

and low costs. There are risks associated with the dilatation procedure.  In short term risks, inability to 

completely dilate, perforation and bleeding, whereas long term risks are related to disease recurrence which 

may warrant further dilatation or surgery.
[19]

 

 

Several studies report outcomes of endoscopic balloon dilatation in Crohn’s disease strictures.
[20I44]

  These 

outcomes were collated in a systematic literature review published in 2007. The lack of pooled analysis of 

events rates and nonIconformity with PRISMA guidelines
 
are discernible weaknesses of the review.

[19]
  

Moreover, since then a further 12 studies have been published.  

 

�()#�$!*#&�

This systematic review was performed to describe the outcomes of endoscopic balloon dilatation for Crohn’s 

disease strictures to include additional studies.  The primary aim was to examine the pooled incidence of 

clinical response, technical response and adverse events following endoscopic balloon dilatation for Crohn’s 

strictures in adults.  The secondary aim was to explore the impact of stricture characteristics on outcomes. �

�
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The protocol for this study was registered on PROSPERO (CRD42015015758).   

 

�'!�!(!'!$,�	�!$#�!��

All original studies, from 1991 to 2014, reporting outcomes of endoscopic balloon dilatation for Crohn’s 

disease intestinal strictures in the adult population (age ≥ 18) were included in the review.  Randomised 

controlled trials, observational reports and case series with sample size more than 5 were all included.  Case 

reports and studies reporting on multiple diagnoses were excluded from the review. Patients undergoing 

double balloon dilatation for deep seated intestinal strictures and children (age < 18) were more likely to 

require a general anaesthesia for the required intervention.  Studies reporting exclusively on these were also 

excluded.  

�

��-��"�$!���&����#&�

A three step search strategy was employed.  Initially a limited search was performed using PUBMED to 

identify keywords and index terms contained in the title or abstract.  The second step involved an extensive 

search using all identified keywords and extensive terms.  Studies were identified by searching the following 

databases: COCHRAINE, MEDLINE, EMBASE & OVID.   

 

�#���%�
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The final search terms were ("Crohn’s Disease" OR Crohn’s OR stricture OR “Montreal B2”) AND 

(endoscopy OR endoscopic OR ileocolonoscopy OR ileoscopic OR colonoscopy OR colonoscopic) AND 

(“balloon therapy” OR “balloon dilatation” OR balloon dilation” OR dilatation OR “balloon 

strictureplasty”).  The final step was a hand search of reference lists and bibliographies from previously 

retrieved studies to identify further relevant trials.�

 

��$����''#�$!���.���#&&�

The first reviewer (PM) screened the titles and abstracts that were identified in the search strategy.  The 

papers were then evaluated by two reviewers (PM and NA) according to the eligibility criteria outlined 

above.  Discrepancies were resolved by consensus between the two reviewers.  Data from selected studies 

were extracted by the first reviewer and this was followed by a further, unblended, check by the second 

reviewer.  Extracted data was entered into an Excel (Microsoft® software) database. 

 

��$��!$#"&�

The following variables were extracted: study demographics (year and country of publication, study design, 

and sample size), nature of the stricture (stricture characteristics including location, activity as active or 

quiescent fibrotic, type as de novo or anastomotic, length and diameter), preoperative radiographic 

assessment, intervention technique (dilatation time, balloon dilator size and endoscopic accessibility), 

followIup time period and outcome measures (symptomatic response, technical response, overall 

complication and perforation rates). 

 


!&���-�(!�&�!��!� !*! ��'�&$� !#&��
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The quality of studies was assessed by using the NewcastleIOttawa Scale.  The quality of studies was 

evaluated by examining three items: patient selection, comparability and outcome (Table 1 Supplementary 

material).    

�

�

��""��,�"#�&��#&�

Symptomatic response was defined by the resolution of symptoms, technical response by the passage of the 

scope following endoscopic balloon dilatation and adverse events by the proportion of patients who develop 

complications. Outcomes are expressed as pooled event rates (with 95% confidence interval limits), or as a 

proportion of the size of the population studied (patients), stricture numbers (strictures) and/or number of 

dilatation procedures performed (interventions).  

�

�,�$%#&!&��-��#&�'$&��

Continuous numerical data is expressed as means (with standard deviations) or as medians (with range 

values).  A per patient analysis was used to determine the cumulative proportion of patients within a group, 

per stricture analysis was used to determine the cumulative proportion of strictures within a group and a per 

dilatation analysis was used to determine the cumulative proportion of dilatations within a group.  All three 

analyses were expressed as proportions and percentages.  A per study analysis was used to assess pooled 

event rates across studies.  The random effects model was used and results were expressed with forest plots 

and summative statistics.   

�


!&���-�(!�&�����&&�&$� !#&�

Heterogeneity across studies was assessed visually with forest plots and numerically (I
2
 < 25% indicates low 

heterogeneity).  Evidence of publication bias was assessed visually using funnel plots. Comprehensive 
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MetaIanalysis (CMA, Biostat, Inc.) programme was used.  To assess the relationship of continuous variables 

on outcome, the pooled mean event rate for each outcome was transformed into a dichotomous form (less 

than or greater than the stated pooled mean event rate).   

 

 

�  !$!���'����',&#&�

To determine association between stricture characteristics and outcome subgroup analyses were performed.  

The pooled event rates and 95% confidence interval were expressed per outcome for each categorical 

variable (e.g. balloon diameter, duration of inflation, geography and preIinterventional imaging)�  The mean 

value of pooled outcomes was used to create two groups, < or ≥ the pooled mean event rate, to compare the 

effect of the proportion of patients within each group (e.g. stricture activity and stricture type) on outcome.�� 

�

�
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Figure 1 details the study selection flow chart.  Two hundred and three studies were identified following 

both the initial and secondary database search.  Studies were screened according to the above eligibility 

criteria and 30 studies were included as part of a full text review.  A total of 25 studies were included in the 

final review (Table 1).   
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Author Country 
Study 

Design 

Population 

Size 

Number Of 

Strictures 

Number Of 

Dilatations 

Number 

Of 

Females 

Study 

Outcome 

Ajlouni Y,
[20]

 2006 Australia R 37 83 113 22 E 

Atreja,
[21]

 2014 USA R 128 169 430 73 E 

Bahlme,
[22]

 2013 
United 

Kingdom 
R 79 93 191 

47 E,S 

Blomberg,
[23]

 1991 Sweden P 27 ns ns 16 S 

Breysem,
[24]

 1992 Belgium P 18 20 24 13 E,S 

Brooker,
[25]

 2003 
United 

Kingdom 
R 14 14 26 

6 S 

Couckuyt,
[26]

 1995 Belgium P 55 59 78 35 E,S 

De Angelis,
[27]

 2013 France R 26 27 46 15 E,S 

East J.E,
[29]

 2007 
United 

Kingdom 
RCT 13 ns ns 5 E 

Endo,
[30]

 2013 Japan P 30 47 83 8 E 

Ferlitsch,
[31]

 2006 Austria P 46 ns 73 26 Su 

Foster,
[32]

 2008 USA R 24 29 71 18 S 

Gustavsson,
[33]

 2012 Sweden R 125 ns 594 59 E 

Honzawa,
[34]

 2013 Japan R 25 29 83 6 E 

Hunter,
[28]

, 2001 
United 

Kingdom 
R 22 ns 71 

16 S 

Mueller,
[35]

 2010 Germany P 55 74 93 34 E,S 

Nanda,
[36]

 2013 Ireland P 31 ns 55 14 E,S 

Ramboer,
[37]

 1995 Belgium P 13 15 53 5 S 

Sabate,
[38]

 2003 France R 38 41 53 18 E,S 

Scimea,
[39]

 2011 Italy P 37 39 72 14 E,S 

Singh,
[40]

 2005 USA R 17 20 29 10 E,S 

Stienecker,
[41]

 2009 Germany P 25 31 50 20 E 

ThomasIGibson,
[43]

 2003 
United 

Kingdom 
R 59 ns 124 

ns E,S 

Van Assche,
[42]

 2010 Belgium R 138 ns 237 77 E,S 

Williams A.J.K,
[44]

 1991 
United 

Kingdom 
R 7 ns 15 ns E 

������ /345� 653� 7889� ::6� ��
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They included 10 prospective studies (N=10), 14 retrospective studies (N=14) and 1 randomised control trial 

(N=1).
[20I44]

  Publication dates ranged from 1991 to 2014 and originated from European,
[22I29 31 33 35I39 41I44]

 (6 

studies from the United Kingdom),
[22 25 28 29 43 44]

 North American,
[21 32 40]

 Japanese,
[30 34]

 and Australian,
[20]

 

institutions. 

 

�$� ,�	%����$#�!&$!�&�

The cumulative data for the 25 studies 
[20I44]

 included 1089 patients, 790 strictures and 2664 dilatations.  

FiftyIone percent (557/1089) were females, 43% (466/1089) were males and for the remaining 8% 

(66/1089) gender was unspecified.  The median age at first dilatation reported across 17 studies (determined 

from the mean age at first dilatation per study) was 41.1 (range = 32.5 I 50).
[21 23I28 30 32 34 36I42]

  Symptomatic 

response was reported as the outcome measure in 16 studies,
[23 25 28 32 37]

 technical response in 8 studies,
[20 21 

29 30 33 34 41 44]
  and both symptomatic and technical response in 11 studies (Table 1).

[22 24 26 27 35 36 38I40 42 43]
   

FollowIup duration was reported in 24 studies with wide variation.
[20I24 26I35]

  The median maximum followI

up time period was 83.5 months (range 12I172).  The median minimum followIup time period was 4 months 

(range 0 – 84). 

 

Nine studies (N=468) did not report number of strictures per patient. All but 14 of the remaining 621 cases 

from 16 studies, had >1 stricture documented.
[20I22 24I27 30 32 34 35 37I41]

 Fifteen studies examined lower 

gastrointestinal strictures only
[23 28 29 31 33 36 42 43]

 while ten included both upper and lower GI strictures.  The 

proportion of upper GI strictures was 3.8% (though due to missing data in 9 studies this was an estimation). 

�

�

�

�
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The proportion of patients with active
[22I26 37 38]

 and quiescent
[22 24I26 30 31 37 38]

 strictures was 44.9% (155/345) 

and 47.2% (151/320) respectively.  In the majority of cases 82.2% (447/544) data relating to stricture 

activity was not reported.
[22 24 25 28 33I36 39 42]

 

�

,
���
����
4	��

Across thirteen studies (N=565)
[22I26 28 31 36I38 41I43]

, most patients (79.1%; 447/565) had anastomotic 

strictures and only (19.6%; 111/565) had de novo strictures.
[22I26 28 31 36I38 41I43]

 

�

7�
�����
����
�����8���

A maximum balloon diameter of 18mm,
[24 27 28 35I37 41I43]

 20mm,
[20I22 25 29I32 34 39 40 44]

 and 25mm
[23 26 33 38]

 was 

reported across all 25 studies.  There was variation in the maximum inflation time across 23 studies with 

maximal inflation periods of one,
[22 34 35]

 two,
[20 24 26 27 32 37I44]

, 3,
[28I30]

 4, 
[23 33 36]

 and 5 minutes 
[31]

. 

�

7�������

The majority of studies describe preIinterventional imaging (18/20; 90%)
[21 22 25I31 33 35 36 38I43]

 and only two 

studies did not (2/20; 10%).
[20 32]

  The median maximum length of strictures reported across 21 studies was 

7cm (range 3 I 25cm). 

�

�

�

�

�
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Fifteen studies reported on symptomatic response for patient numbers (N = 615)
[22I28 31 32 35I37 39 40 42 43]

 which 

was 63.9% (393/615) (Table 2).  Fourteen of these were from Europe (612/653 [93.7%]) spanning 7 

different countries (four from the UK)
[22I28 35I39 42 43]

 and 2 were North American studies (41/653 [6.3%]).
[32 

40]
  The proportion of females and males was 51.8% (338/653) and 39.2% (256/653) respectively. One study 

did not report on gender proportions (n = 59).
[43]

  The median age at first dilatation reported across 13 

studies reporting on symptomatic response (determined from the mean age at first dilatation per study) was 

42.6 (range 33.7I50).
[23I28 32 36I40 42]

 

Author, Year 
Number of patients (dilatations*) reporting 

symptomatic response (n) / sample size 

Percentage of patients (or 

dilatations*) (%) 

Blomberg,
[23]

 1991 22 / 27 81 

Breysem,
[24]

 1992 8 / 18 44 

Ramboer,
[37]

 1995 11 / 13 85 

Couckuyt,
[26]

 1995 34 / 55 62 

Hunter,
[28]

, 2001 16 / 22 73 

Brooker,
[25]

 2003 11 / 14 79 

ThomasIGibson,
[43]

 2003 24 / 59 41 

Sabate,
[38]

 2003 47 / 53 * 89 * 

Singh,
[40]

 2005 13 / 17 76 

Foster,
[32]

 2008 22 / 24 92 

Mueller,
[35]

 2010 42 / 55 76 

Van Assche,
[42]

 2010 61 / 138 44 

Scimea,
[39]

 2011 30 / 37 81 

Nanda,
[36]

 2013 14 / 31 45 

De Angelis,
[27]

 2013 24 / 26 92 

Bahlme,
[22]

 2013 61 / 79 77 

Total 
¥
 393 / 615  63.9 

9�,���
���
���
[38]
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Analysis of pooled study outcomes demonstrated a symptomatic response rate of 70.2% [95% CI: 60I

78.8%] with evidence of moderate to high heterogeneity between studies [I
2
: 63.8%] (Figure 2).  On 

exclusion of the six outlier publications,
[24 27 32 36 42 43]

 the symptomatic response rate was 74.8% (95% CI: 

69.6I79.3%; I
2
: 0.0%) (Figure 3).  The symptomatic response rate in one study was measured according to 

the number of dilatations done and was reported as 89% (47/53).
[38] 
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A comparison between symptomatic response rates and other variables is shown in Table 3.   

���!�('#� �,".$�"�$!���#&.��&#� �#�%�!��'��#&.��&#� �#�-���$!���

0�
���������������������	�����
������	����������
���
���(�#�$(�0��
�������7�
������*�

��''����

 !�"#$#��

="!''!"#$�#&>�

/4� 61.9 (47.4 – 74.4) 94.7 ( 87I97.9) 3.1 (1.9I5.1) 

73� 79.5 (72.6I85) 90.6 (87.4I93.0) 3.8 (2.2I6.5) 

7:� 71 (48 – 86.6) 89.4 (86.9I91.5) 2.2 (1.3I3.6) 

����$!����-�

!�-'�$!���

="!��$#&>�

7� 70.6 (58.1I80.6) 92.2 (86.6I95.5) 3.1 (1.8I5.3) 

:� 67.1 (41.9 – 85.2) 92.6 (84.2I96.7) 3.6 (1.6I8.2) 

+#����.%,�

����.#��� 67.9 (57I77.2) 90.6 (86.7I93.5) 2.3 (1.6I3.3) 


��$%�

�"#�!����
84.5 (62.6 – 94.7) 91.6 (86.8I94.8) 5.0 (1.3I17.7) 

?�.��#&#�  91.3 (81.9I96.0)  

��#�

!�$#�*#�$!���'�

!"��!���


#.��$# � 70.4 (58.8 – 79.8) 92.3 (85.8I95.9) 2.7 (1.8I4.0) 

�

��('#�@;��%#��#'�$!��&%!.�(#$<##���#&.��&#���$#&�=&,".$�"�$!���� �$#�%�!��'>��� �� *#�&#�#*#�$���$#&�=.#�-���$!��>�<!$%���$#���!��'�*��!�('#&�A�1���
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The proportion of patients demonstrating a higher than average compared with lower than average 

symptomatic response rate for active strictures was 60% and 73%, for anastomotic strictures was 75% and 

85% and for de novo strictures was 25% and 15% respectively. (Table 2 of supplementary material).�

�

1���������/��	�����

A total of 19 studies reported on technical response as an outcome measure.  Analysis for pooled study 

results demonstrated an event rate of 90.6% (95% CI: 87.8I92.8%) with low heterogeneity between studies 

(I
2
: 11.7%) (Figure 1 – Appendix: Supplementary Figures).  Fourteen studies originated from Europe across 

seven different countries.  The median age at first dilatation reported across 12 studies was 40.1 years (range 

32I49).  The proportion of females and males were 49.8% (470/943) and 43.2% (407/943) respectively. 

 

Reported outcomes were expressed either for patients (N = 435),
[22 24 29 34 35 38 39 41 42 44]

 stricture (N = 299),
[20 

21 30]
 and intervention/dilatation (N = 926) (Supplementary table 3).

[26 27 33 36 43 45]
. The proportion of patients 

demonstrating technical response was 92.6% (403/435).  The technical response rate for strictures was 

91.3% (273/299) and for balloon dilatation interventions was 90% (833/926). The pooled event analysis 

results were similar due to low heterogeneity (Figure 1 IAppendix: supplementary figures).  

The relationship between technical response rates and variables is shown in Table 3.  The proportion of 

patients demonstrating a higher than average compared with lower than average technical response rate for 

active strictures, was 51% and 52%, for quiescent strictures, was equal at 45%, for anastomotic strictures 

75% and 83% and for ��� ���� strictures was 25% and 17% respectively.  (Table 2 in supplementary 

material).  

�

0��	����
���������3��
���
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Fifteen studies reported complications according to the number of patients (N = 564)
[20I22 25 26 28 32 35I37 39 40 44]

 

and four studies reported complications based on the number of dilatations (N = 1228).
[31 33 42 43]

  The 

proportion of patients and dilatations with complications was 4.4% (25/564) and 5.2% (64/1228).  Analysis 

of pooled study data demonstrated an overall complication rate of 6.4% (95% CI: 5.0 – 8.2; I
2
: 4.0%).   

 

Eighteen studies reported on perforation for patients (N = 654)
[20I28 34I41 44]

 and four studies for number of 

dilatations (N = 1281).
[31I33 42 43]

  The proportion of patients and dilatations that were followed by perforation 

was 2.4% (16/654) and 1.8% (23/1281) respectively. Study data analysis showed no heterogeneity across 

studies with a pooled mean perforation rate of 3% (95% CI: 2.2I 4.0%; I
2
: 0%) (Supplementary figure 2).   

 

The relationship between perforation rates and variables is shown in Table 3. Balloon inflation diameters of 

18mm,
[24 27 28 34I37 41I43]

 20mm,
[20I22 25 31 34 39 40 44]

 and 25mm
[23 26 33 37]

 demonstrated pooled mean perforation 

rates of 3.1% (95% CI: 1.9I5.1%; I
2
 0%), 3.8% (95% CI: 2.2I6.5%; I

2
 0%), and 2.2% (95% CI: 1.3I3.6%; I

2
 

0%) respectively.  An inflation time of up to 2 minutes
[22 24 26I28 32 35I37 39 40 42 43]

 and 5 minutes
[23 30 33 35]

 

demonstrated a pooled mean perforation rate of 3.1% (95% CI: 1.8I5.3%; I
2
 0%) and 3.6% (95% CI: 1.6I

8.2%; I
2
 0%) respectively. The mean perforation rate across 18 European studies that reported perforation 

according to the number of patients was 2.3% (95% CI: 1.6I3.3%; I
2
 0%).

[22I28 31 33 35I39 41I44]
  The mean 

perforation rate across three North American studies was 5.0% (95% CI: 1.3I17.7%; I
2 

0%) (Table 5).
[21 32 40]

  

The use of preIinterventional imaging was described across 14 studies
[21 22 26 27 30 33 35 36 38I43]

 where the 

pooled mean perforation rate was 2.7% (95% CI: 1.8I4.0%; I
2
 0%).  The perforation rate in one study that 

did not use preIinterventional imaging was 1.3% (95% CI: 0.1I17.8%).
[20]

 The median maximum stricture 

length reported across 20 studies was 7cm (range 2I25cm).  

The proportion of patients with higher than average compared with lower than average perforation rates for 

active strictures was 62% and 36%, for quiescent strictures was 38% and 55%, for anastomotic strictures 
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was 81% and 7% and for de novo strictures was 19% and 21% respectively. (Table 2 Supplementary 

material) 

 

 

,�����4�

Surgery was required for one or more of the following two events: (i) inaccessible strictures during 

endoscopy and (ii) persistent or recurrent symptoms i.e. failed repeated dilatation. 

 

 (i) +������	����������������
4�

Seven studies reported 12.9% of cases (33/256) where endoscopic balloon dilatation could not be completed 

during endoscopy either because the stricture was too narrow or there was acute angulation.
[24 26 31 35 38 39 44]

  

Two studies (N = 130) reported this event 6.9% (9/130) by number of strictures.
[20 30]

  

�

�#��*�,4�	
���
�����������

Twenty one studies reported surgical outcomes for ongoing recurrent disease despite repeated balloon 

dilatation according to the number of patients (N = 849).
[20I28 31I41 44]

  The proportion of patients who 

underwent surgery was 21.1% (179/849).  Pooled data demonstrated a mean surgical event rate of 23.3% 

(95% CI: 20I26.5), with low heterogeneity demonstrated across studies (I
2
: 13.2%) (Supplementary figure 

3). One study reported the requirement of surgery according to the number of strictures (N = 47).
[30]

  The 

proportion of strictures requiring surgery in this study was 29.8% (14/47).�

�

�

�
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This is the most comprehensive systematic review of endoscopic balloon dilatation for the management of 

Crohn’s strictures to date.  

 

��""��,��-�#*! #��#�

This review offers insights into endoscopic balloon dilatation for Crohn’s strictures on which to build future, 

more robust, study designs to measure efficacy. The pooled event rate for symptomatic response of 74.8% 

excludes 6 studies identified as outliers from the funnel plot. However, the distribution of the studies within 

the plot also suggests publication bias may be overIestimating the effect size. Incomplete data on the number 

of cases where access failed during an endoscopic procedure may contribute to the overIestimation of the 

effect size. In this review it was only reported in 24% of the studied population with a failure rate of 13%. 

Failure of endoscopic access is particularly relevant as the majority of strictures undergoing dilatation are 

likely to be anastomotic and associated with adhesions and fibrosis.  In contrast, a previous systematic 

review on endoscopic balloon dilation indicated a 58 % response comparable to our 63.9% expressed as the 

proportion of patients but a lower value than the pooled effect.
[19]

  Since the pooled summative effect 

addresses weight and heterogeneity between studies, it reflects a more accurate measure of efficacy albeit 

subject to bias.  

The review reveals other relevant observations pertaining to the intervention. Where the studies examined 

both symptomatic and technical response, the former was consistently less than the technical rate of 90.6%. 
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The inferences is that passage of the endoscope through the stricture is an inadequate outcome for patients.  

There was a wide variation in dilatation techniques suggesting an overriding need for standardisation of 

endoscopic procedures. A balloon diameter of 20mm seems to be commonest, and the most effective size 

limit, consistent with the internal small bowel diameter of 25mm. Two minutes of dilatation is the 

commonest duration used and may be associated with better outcomes. The most effective dilatation 

technique is a three step increase in diameter with regular repeat procedures until resolution of symptoms on 

a normal diet.   

The study focused on an adult population with a mean age at first dilatation of 41 years, which reflects their 

aetiology as a complication of the disease or surgery. Additional analyses to assess factors that might 

influence outcomes were undertaken by using the mean value of pooled outcomes to create two groups, < or 

≥ the pooled mean event rate, in order to compare the effect of different variables on outcomes. There were 

more patients with stricture inflammation, in the below average than above average symptomatic response 

group; in parallel more nonIinflamed strictures were associated with above average symptomatic response. 

For anastomotic strictures, more patients were in the below average than above average symptomatic and 

technical response groups. This observation is counterIintuitive as anastomotic strictures tend to be shorter 

but perhaps it shows that there is greater resistance of fibrotic strictures to dilatation. With respect to 

dilatation technique maximum balloon diameter and duration of inflation did not seem to show different 

outcomes, except that 20mm size was accompanied by higher symptomatic response rate than 18mm (80% 

vs 52%).  There was no evidence of higher perforation rate with dilatation diameters of 25mm. North 

America symptomatic response rates were higher than Europe but were associated with higher complication 

rates. More inflammatory were in the above average perforation group and more quiescent strictures were in 

the below average perforation group.   

Overall pooled complication rate was 6.4% [95% CI: 5.0 – 8.2], much higher than complication rates of 2% 

reported by Hassan.
[19]  

In contrast, the perforation rate, which represents the most significant complication, 

was 3% [95% CI: 2.2I 4.0%] for pooled analysis and similar to that expressed as proportion of patient in this 

study (2.6%). The previous review by Hassan did not report perforation and a separate event.
[19]
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Whilst the strength of this review lies in the systematic manner in which it was conducted in accordance 

with PRISMA guidelines and methods for narrative reviews, it is beset by several limitations 
(46)

. 

 

�!"!$�$!��&��

Firstly, the absence of control groups meant that we were unable to compare the impact of variables on 

outcome measures and the metaIanalysis focused on summative effect in relation to heterogeneity. We used 

an average effect to gauge whether an event occurred above or below mean rate so the relationships shown 

in these analyses should be interpreted with caution.  

The second limitation was the diversity of the populations studied in terms of stricture characteristics, 

techniques and expression of results according to sample size, stricture numbers or number of interventions. 

This made comparisons across the studies difficult particularly for outcomes which expressed results 

according to sample size, stricture numbers and/or number of interventions. We used population size for 

primary outcomes of this review. Thirdly incomplete and variable reporting of some population and 

interventional characteristics mean analyses were conducted on data that were available and may not be 

generalizable to other studies or populations. This limitation explains why the number of strictures was less 

than the sample number of the review (790 and 1089). Fourthly, most studies were reported by 

gastroenterologists, with a bias towards showing endoscopic benefit through both performance and reporting 

bias. Lastly, none of the studies mention dietary restrictions on followIup:  low fibre diet will be associated 

with better and sustained response than a resumption to a full diet at the expense of quality of life.   

 

	���'�&!��&�

This review measures the efficacy of endoscopic balloon dilation for treatment of Crohn’s strictures: 74.8% 

response rate may be an overestimate due to publication bias and yet a more accurate estimate of the 

previous reports of 58% which did not use a pooled event rate. Whilst there is a suggestions that some 

strictures may respond better than others this is far from conclusive due to the lack of a control group but 
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merely indicates that further studies should take into account the extent and severity of inflammation in 

strictures. It draws attention to variation in intervention techniques between studies, inadequacy of outcome 

measure and deficiency in preIassessment for suitability of dilatation.  

There is a discernible absence of randomised controlled trial of endoscopic balloon dilatation for Crohn’s 

strictures. This reflects the difficulty of a comparable control and the ethical dilemma of using sham 

intervention or surgery.  Surgery is usually reserved for longer strictures and less so for nonIaccessible 

strictures because double balloon enteroscopy increased access to small bowel strictures. AntiITNF 

therapies have a role in the treatment of strictures through antiIinflammatory effects that increase the 

diameter of the bowel lumen and also reduce TNFIinduced fibrosis.
[47 48]

  Drug therapy as a control arm may 

be a more acceptable option to address the question of the optimal small bowel preserving treatment for 

Crohn’s strictures. The challenge of a control arm is not the only barrier to conclusive results. The other is 

an optimal and comparable outcome measure that capture relief of obstructive symptoms, resumption of 

normal dietary intake, quality of life and monitoring for repeat stenosis or fibrosis. Further exploratory 

studies on this aspect are warranted.  

Endoscopic balloon dilatation plays an important role in the management of Crohn’s strictures. The risk 

benefit profile depends on several stricture factors. Some strictures may be more effectively managed with 

surgery. Others may be treated with antiITNF therapy to reduce fibrosis and inflammation with or without 

balloon dilatation to break down the collagen fibres. Future studies exploring this should also examine how 

imaging and biochemical markers, may guide treatment decisions. Reproducible outcome measures with 

scores to represent inflammatory vs fibrotic components as endIpoints will allow for comparison across 

studies. There is already some research in this field which is demonstrating promising results 
[49]

. Without 

these studies an evidenceIbased management pathway that reduce variation and set standards in care for 

Crohn’s strictures cannot be developed. 

�

�
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	����������	�����	�����������������������������������	���� ��	�	���	���: The maximum 

number of stars each study can receive is 9 (maximum 4 for selection, 2 for comparison and 3 

for outcome.  The median number of stars across studes was 5 (range: 2 – 6).�
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������$"��;�<�For symptomatic response in relation to (i) 

stricture activity, 73 patients were in the lower PMER and 171 patients were in the higher PMER groups.  Comparison of the lower PMER with 

higher PMER group, showed more active strictures (73% vs 60%) and less quiescent strictures (25% vs 33%) (ii) stricture type, 323 patients 

were in the lower PMER and 171 patients were in the higher PMER groups. Comparing the lower with higher PMER groups, there were more 

anastomotic strictures (85% vs 75%) and less de novo strictures (15% vs 25%).  (b) For technical response in relation to (i) stricture activity, 56 

patients were in the lower than average PMER group and 164 patients were in the higher than average PMER group.  There were no differences 

in stricture activity between high and low technical response groups (ii) stricture type, 115 patients were in lower than average PMER group 

and 328 patients in higher than average PMER.  Comparing the lower PMER group with higher PMER group, there were more anastomotic 

strictures (83% vs 75%) and less de novo strictures (17% vs 25%). (c) For perforation, in relation to (i) stricture activity, 170 patients were in 
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the lower than average perforation rate group and 150 patients were in the higher than average group.  Comparing the higher perforation with 

lower perforation groups, there were more active strictures (62% vs 36%) and less quiescent strictures (38% vs 55%) (ii) stricture type, there a 

282 patients in the lower than average perforation group and 283 patients in the higher than average perforation group.  Comparison of the 

higher perforation with lower perforation groups, there were similar numbers of anastomotic strictures (81% vs 77%) and de novo strictures 

(19% vs 21%).  PMER: pooled mean event rate. 
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�	���������	�	����� �Ten studies (n=435) reported a technical response outcome per patient, 

three per stricture (n=299) and six per balloon dilatation procedure (n = 1356). The number 

of patients, stricture and balloon dilatations reporting improvement in each study is shown. A 

total of 403 (92.6%) patients, 273 (91.3%) strictures and 833 (61.4%) balloon dilatations 

reported technical response with dilatation.
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Supplementary Material - Figures 

 

Figure 1– Forest plot for studies reporting on technical response – A random effects model demonstrating a pooled technical response event 

rate of 90.6% (95% CI: 87.8 – 92.8%; I
2
: 11.7%) with reported outcomes expressed for  number of patients 

(3, 5, 10, 15, 16, 19, 20, 22, 23, 25)
, strictures 

(1, 

2, 11)
 and interventions/dilatations 

(7, 8, 14, 17, 24, 26)
. 
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Supplementary Figure 2 – Forrest plot reporting on perforation rates – A random effects model demonstrating a pooled perforation rate of 

3% (95% CI: 2.2-4.0%; I2: 0%) across 22 studies with reported outcomes expressed according to number of patients,
[20-28 34-41 44]

 balloon 

dilatation,
[31-33 42 43]

 and strictures.
[30]
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Supplementary Figure 3 – Forrest plot reporting on the rate of surgical intervention in the event of a failed clinical outcome – A random 

effects model demonstrating a pooled surgical intervention rate of 23.3% (95% CI: 20-26.5; I2: 13.2%) across reported outcomes expressed 

according to the number of patients.
[20-28 31-41 44]
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