
Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Schulberg, JD;Wright, EK;Holt, BA;Wilding, HE;Hamilton, AL;Ross, AL;Kamm, MA

Title:
Efficacy of drug and endoscopic treatment of Crohn's disease strictures: A systematic
review

Date:
--

Citation:
Schulberg, J. D., Wright, E. K., Holt, B. A., Wilding, H. E., Hamilton, A. L., Ross, A. L. &
Kamm, M. A. (). Efficacy of drug and endoscopic treatment of Crohn's disease
strictures: A systematic review. Journal of Gastroenterology and Hepatology Australia, 
(), pp.-. https://doi.org/./jgh..

Persistent Link:
https://hdl.handle.net//



EFFICACY OF DRUG AND ENDOSCOPIC TREATMENT OF CROHN'S 

DISEASE STRICTURES: A SYSTEMATIC REVIEW 

SHORT TITLE: DRUG AND ENDOSCOPIC TREATMENT OF CROHN'S DISEASE STRICTURES 

 

 

 

Julien D Schulberg1, 2 
Gastroenterologist 

 

Emily K Wright1, 2 

Gastroenterologist 

 

Bronte A Holt1, 2 

Gastroenterologist 

 

Helen E Wilding3 
Librarian 

 

Amy L Hamilton1, 2  

Clinical scientist 

 

Alyson L Ross1 

Research Nurse 

 

Michael A Kamm1, 2 

Professor of Gastroenterology 

 

 

1 St Vincent's Hospital, Department of Gastroenterology, Melbourne, Australia 
2 University of Melbourne, Melbourne, Australia 
3 St Vincent's Hospital, St Vincent’s Hospital Library, Melbourne, Australia  

 

 

AFFILIATIONS:  

Departments of Gastroenterology, St Vincent’s Hospital, Melbourne, Australia 

University of Melbourne, Melbourne, Australia 

 

CONFLICTS OF INTEREST: No author has any conflict of interest. 

 

This article is protected by copyright. All rights reserved.

This is the author manuscript accepted for publication and has undergone full peer review but
has not been through the copyediting, typesetting, pagination and proofreading process, which
may lead to differences between this version and the Version of Record. Please cite this article
as doi: 10.1111/jgh.15330

http://dx.doi.org/10.1111/jgh.15330
http://dx.doi.org/10.1111/jgh.15330


AUTHOR CONTRIBUTIONS: JDS, MAK, EKW and BAH – study concept and design. JDS, EKW - 

acquisition of data. HW – Database and search strategy support. All authors - data interpretation; 

drafting of the manuscript; critical review of the manuscript for important intellectual content. 

 

 

 

Author for Correspondence: 

Dr Emily Wright 

St Vincent’s Hospital 

Victoria Parade 

Fitzroy 3065 

Melbourne 

Australia 

Tel: + 61 3 92312211 

Fax: + 61 3 92313580 

E: Emily.Wright@svha.org.au 

 

 

Acknowledgements: 

The National Health and Medical Research Council (NHMRC) supported JDS and BAH. GESA /Ferring 

IBD Clinician Establishment Award supported EKW. Australasian Gastro Intestinal Research 

Foundation (AGIRF), AbbVie and the Spotlight Foundation supported the Project 

 

 

 

  

This article is protected by copyright. All rights reserved.



ABSTRACT  

BACKGROUND & AIMS 

Strictures are the commonest complication in Crohn’s disease. Surgery and endoscopic dilation are 

the mainstays of treatment, while drug therapy has often been considered contra-indicated. The 

benefit of non-surgical treatments, particularly drug and endoscopic therapy, need to be defined.   

METHODS 

PubMed (MEDLINE), Embase, Emcare, EBSCO and the Cochrane Library (inception until August 30, 

2019) were searched. Studies with ≥10 patients with Crohn’s disease strictures, reporting on outcomes 

following medication or endoscopic treatment, were included.  

RESULTS 

Of 3480 records, 85 studies met inclusion criteria and formed the basis of this analysis. Twenty-five 

studies assessed drug therapy; none were randomized trials. Despite study heterogeneity anti-TNF 

therapy appeared effective, with 50% of patients avoiding surgery after 4 years follow up. No other 

drug therapy was of demonstrable benefit. Sixty studies assessed endoscopic therapy including 56 on 

endoscopic balloon dilation, two assessed needle knife stricturotomy, and two stent insertion. Dilation 

was equally effective for de-novo and anastomotic strictures ≤5cm in length, with most studies 

reporting a subsequent surgical rate of 30 to 50%. Repeat dilation was required in approximately half 

of all patients.  

CONCLUSIONS 

Anti-TNF drug therapy and endoscopic balloon dilation are effective strategies for avoiding surgery in 

patients with stricturing Crohn’s disease. Additional endoscopic therapies require further evaluation. 

Early data suggest that combining these therapies may provide greater benefit than individual 

therapies. Optimisation of current drug and endoscopic therapy, and the incorporation of newer 

therapies, are needed for stricturing Crohn’s disease.  

 

 

Keywords:  

Crohn’s Disease, Stricture, Stenosis, anti-TNF therapy, Endoscopic Balloon Dilatation, Needle Knife 

Stricturotomy  
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INTRODUCTION 

Strictures are the commonest complication of Crohn’s disease.(1, 2) At diagnosis up to 28% of patients 

have stricturing disease and by five years more than one third will develop this complication.(1) The 

pathophysiology of stricturing disease is not well understood, although it is thought that chronic 

transmural gastrointestinal inflammation results in progressive narrowing of the bowel lumen and 

eventually partial or complete bowel obstruction.(3)  Historically, surgery has been the treatment of 

choice for stricturing Crohn’s disease.(4) However, the rate of post-operative recurrence is high, with 

up to 70% of patients requiring re-operation.(5) A treatment strategy involving drug and/or 

endoscopic therapy is needed.    

 

Strictures comprise both inflammatory and non-inflammatory components including smooth muscle 

hyperplasia and fibrosis.(3, 6) Currently, all drug therapies for Crohn’s disease target inflammation. 

There is emerging interest in therapies targeting fibrosis, although these agents are not yet part of 

routine care.(7) Anti-TNF therapy has been the mainstay of treatment for moderate-to-severe Crohn’s 

disease over the past 15 years.(8-10) New biologic therapies targeting different immune pathways 

have been introduced over recent years.(11, 12) The efficacy of drug treatment for stricturing Crohn's 

disease, particularly in the biologic era, is not well understood. There is a paucity of high-quality 

studies on drug therapy for stricturing Crohn’s disease. 

 

More is known about endoscopic therapy in the treatment of strictures with several reviews published 

on this topic.(13), (14), (15), (16) However, new techniques have been adopted in the last two years, 

including needle knife stricturotomy.(17) Additionally, the combined effectiveness of drug and 

endoscopic therapy has not been reported.  

 

The aims of this review are to evaluate the efficacy of drug therapy and endoscopic therapy for the 

treatment of Crohn’s disease strictures. We also aimed to analyse patient, disease and stricture 

characteristics that influence the need for surgery and/or repeated endoscopic intervention. The 

safety of non-surgical treatment for Crohn’s disease strictures has also been reviewed.  

 

METHODS 

This systematic review was carried out in accordance with the PRISMA Statement.(18) The protocol 

was registered with PROSPERO (Registration number CRD42018091221).  
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The interventions studied in this systematic review for stricturing Crohn’s disease include treatment 

with any approved Crohn's disease medication as well as any endoscopic treatment for Crohn's 

disease including, but not limited to, endoscopic balloon dilatation. 

Publications were identified through a systematic search of seven databases: Ovid Medline; Embase 

(Ovid); Ovid Emcare; PsycINFO (Ovid); CINAHL Plus with Full Text (EBSCOhost); Health Collection, 

Humanities & Social Sciences Collection (Informit) and the Cochrane Library.  

Search strategies combined Crohn’s disease AND strictures AND (drug OR endoscopic treatments), 

using a combination of text words and subject headings. Results were limited to English language and 

no date limits were applied. Animal studies were excluded. An initial strategy was developed for 

Medline (Figure 1) and adapted for other databases (Appendix 1). All searches were carried out on 4 

September 2019. 

Search results were exported to Endnote and duplicates removed. Records were screened by 

publication type and case reports, conference abstracts and papers, letters, notes and comments were 

excluded. All remaining records were loaded into Covidence (Covidence systematic review software, 

Veritas Health Innovation, Melbourne, Australia) and screened on title and abstract, and then full text, 

by two independent reviewers (JS and EW). Given the small number of studies in this area, we included 

a broad range of study designs using inclusion and exclusion criteria in Table 1. Disagreement by 

reviewers was resolved by discussion.  

Data was extracted on 3 October 2019. Quality of evidence was assessed using the Newcastle Ottawa 

Scale risk of bias tool.(19) A quantitative analysis was not performed given the substantive 

heterogeneity in study design, method and modality of stricture diagnosis, therapeutic intervention 

and patient follow up. All included studies were presented in table(s) for overview together with a 

narrative synthesis.  

 

RESULTS 

Eligible Studies 

Of 3480 records identified through database searching, 85 studies met our inclusion criteria (Figure 

2). Twenty-five assessed outcomes of drug therapy and 60 of endoscopic therapy. These studies were 

heterogenous with regards to cohort selection, intervention, follow up and design. A summary of 

these studies is listed in table 2 (drug therapy studies) and table 3 (endoscopic therapy studies).  

Nineteen of the 25 drug therapy studies were retrospective cohort studies and six were prospective 

cohort studies. There were no randomised controlled trials. Seventeen studies included patients with 
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both non-stricturing and stricturing phenotypes in their analysis. One prospective study by Bouhnik et 

al included a cohort solely of stricturing Crohn’s disease patients treated with drug therapy for 24 

weeks.(20)  

Sixty studies involving endoscopic therapy for strictures met the predefined inclusion and exclusion 

criteria. Endoscopic balloon dilation (EBD) was by far the most common endoscopic treatment. Needle 

knife stricturotomy (4 studies), intralesional corticosteroid injection (15 studies) and the use of metal 

or biodegradable stents (3 studies) were also included.  

All studies included in our systematic review were assessed using the Newcastle-Ottawa Scale(19) and 

were deemed of acceptable to high quality (Score ≥5). 

Diagnosis and Definition of Stricturing Crohn’s disease 

Of the 25 drug therapy studies, there was no consensus amongst the studies on the method(s) used 

to diagnose Crohn’s strictures with various modalities used including magnetic resonance 

enterography (MRE), computed tomography (CT), small bowel x-ray series and endoscopy. Seven of 

the 25 studies failed to cite the modality used to diagnose a stricture (Table 2). In studies that did 

report the modality of stricture diagnosis, the stricture definition was heterogenous, ranging from 

‘constant luminal narrowing’ to the more specific bowel wall thickening >3mm and pre-stenotic bowel 

dilation >2.5cm which was reported in 3 studies.(21-23) 

The degree of stricturing reported in the 60 endoscopic studies (Table 3) was also highly variable. In 

many studies this was not reported. These strictures were all confirmed endoscopically. A few studies 

defined strictures as ‘mild resistance to the passage of the scope’ whilst most defined a stricture 

endoscopically as non-passable with a standard adult colonoscope.(24) 

Drug Therapies for Stricturing Crohn’s Disease 

Corticosteroid Therapy for Stricturing Crohn’s Disease 

Two studies primarily assessed corticosteroid therapy for patients with Crohn’s disease strictures. 

Bemelman et al assessed drug treatment of stricturing Crohn’s in the pre anti-TNF era (1985 to 1994) 

in 86 hospitalised patients.(25) Ten required upfront surgery.  Seventy-six were treated with 

corticosteroids, with 47 (62%) progressing to surgery, and the remaining followed for a mean of eight 

years. A further 32% required re-operation for recurrent disease during the follow up period. In a 2006 

study by Ho et al, 14 patients had stricturing disease out of a total of 60 Crohn’s disease patients. All 

patients were followed following their first course of corticosteroids. The rate of surgery at 12 months 

was significantly higher for the stricturing cohort compared to those with non-stricturing, non-

penetrating Crohn’s disease (57% vs 31% respectively).(26) 
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Thiopurine Therapy for Stricturing Crohn’s Disease 

Two studies examined thiopurine use for stricturing disease. Yoshino et al retrospectively assessed 

the efficacy of thiopurines in 47 biologic naive patients in steroid-free clinical remission.(27) 

Seventeen patients had documented stricturing disease, with 7 (41%) relapsing during the 59 month 

follow up period, compared to 18% of those with purely inflammatory disease (P = 0.036).  

Moran et al followed a Crohn’s disease cohort for up to five years after initiation of a thiopurine. Of 

the of 261 patients, 19% had stricturing disease. Those with stricturing disease at the time of 

thiopurine prescription were significantly more likely to undergo surgery (adjusted HR, 4.63; 95% CI, 

2.00–10.71) when compared to patients with non stricturing (Montreal B1 or B3) disease at five years 

follow up (34% B2 vs 12% B1 and 19% B3; P = 0.01).(28)   

Anti-TNF Therapy for Stricturing Crohn’s Disease 

Twenty studies analysed (at least in part) the efficacy of anti-TNF therapy for the treatment of Crohn’s 

disease in patients with strictures. Twelve studies included patients with and without Crohn’s disease 

strictures and eight reported exclusively on patients with stricturing disease. Several studies directly 

compared treatment response rates in stricturing vs inflammatory luminal disease.(29)  

Matsumoto et al in a total of 138 symptomatic Crohn’s patients, showed an inferior response to 

infliximab in stricturing disease compared to purely inflammatory disease (OR 0.41; 95% CI 0.17-0.97). 

However, infliximab was shown to be effective at reducing symptoms and avoiding surgery in 53% of 

patients with stricturing disease.(30)  Peters et al, reported in 197 adalimumab treated patients, a 

higher failure rate of induction treatment in patients with stricturing versus non-stricturing disease 

(OR 3.73; 95% CI 1.07 to 12.92).(31)  On multivariable analysis there was a trend to better response 

for non-stricturing disease which was not statistically significant (OR 3.31; 95% CI 0.94-11.66). Gibson 

et al assessed 75 patients who underwent baseline MRE prior to commencing anti-TNF therapy for 

Crohn’s disease.(32) Twelve of 18 patients with an MRE-identified stricture required surgery with a 

hazard ratio of 26.5 (95% CI 5.45–128.49) for surgery for B2 versus B1 disease. In a cohort of 322 

patients commenced on anti-TNF therapy, Moran et al found that a stricturing phenotype at treatment 

onset was associated with an increased risk of surgery compared to non stricturing disease (OR 6.17; 

95% CI 2.81–13.54).(28)  

The ‘Efficacy of adalimumab in patients with Crohn’s disease and symptomatic small bowel stricture’: 

CREOLE study has been the only study to date which has prospectively examined the effect of anti-

TNF therapy on symptomatic Crohn’s disease strictures.(20) In this study 97 patients with 

symptomatic Crohn’s disease small bowel strictures were treated with standard maintenance dose 

adalimumab (40mg fortnightly). Sixty-two patients (64%) achieved ‘treatment success’, defined as the 
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avoidance of surgery or endoscopic dilatation, at week 24. These patients were then followed for a 

median of 3.8 years. Of the 35 patients who did not achieve ’treatment success’, eight required 

intestinal resection and two endoscopic dilation. In longer term follow up, of the 62 patients who had 

‘treatment success’ at week 24, 46% remained on adalimumab for a median of 4 years. In total, 47% 

of the cohort required an operation. Several factors were identified as being associated with 

treatment success or failure (see ‘Predictors of Treatment Response’ below).  

 

Beppu et al showed the value of endoscopic healing in strictures.(33) In 54 patients with ileal or ileo-

colonic ulceration treated with infliximab, 23 (43%) patients had concomitant severe endoscopic 

stenosis.  Seventy percent of patients with stricturing disease responded well and avoided surgery 

with treatment, including 100% of stricture patients who achieved mucosal healing on follow up 

endoscopy. Pallotta et al performed pre-treatment and follow up ultrasound studies which showed 

that stricture regression on imaging does occur with infliximab treatment. In this small study, 8 of 15 

stricture patients had an excellent response to infliximab treatment with stricture regression on 

imaging.  No patients in this study required surgery.(22) 

Whilst early treatment with anti-TNF biologic appears to prevent the development of stricturing 

complications of Crohn’s disease, according to a large study by Frei et al comparing early versus late 

anti-TNF treatment (<24 months versus ≥24 months) in patients with established stricturing disease 

there did not appear to be a difference in treatment outcomes. (34) 

No studies involving ustekinumab or vedolizumab, met our inclusion and exclusion criteria.  

Other Drug Therapies for Stricturing Crohn’s Disease 

Two studies used exclusive enteral nutrition (EEN) for the treatment of stricturing Crohn’s disease. In 

a study by Konno et al,  8 of 13 patients avoided surgery with a median follow up of 50 months.(35) In 

a prospective study with a much shorter follow up of only 12 weeks, Yang et al showed that 6 of 10 

patients with stricturing disease responded well to EEN.(36)  

Predictors of Drug Treatment Success in Patients with Crohn’s Disease Strictures 

Of all drug treatment studies, the predictors of treatment success are best characterised in the 

prospective study by Bouhnik et al.(20) The factors are listed in table 4. However, the treatment 

success was based on relatively short follow up of 24 weeks. Patients with two or less of these factors 

had only a 6% chance of treatment success with adalimumab therapy. Conversely, if four or more of 

these features were present then short-term treatment success was 89%. 

 

In a retrospective study by Alloca et al, 51 patients with stricturing disease were treated with either 

adalimumab or infliximab. Pre-stenotic dilatation (per 1-mm increase, HR 1.08; 95% CI 1.01–1.15) and 
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the presence of any Crohn’s related internal fistula (HR 9.8; 95% CI 3.0–31.9), were independent risk 

factors for surgery on multivariable analysis.(37)  

 

Campos et al in 84 patients with stricturing disease found increased age to be associated with 

therapeutic failure, when a variety of drug therapies were used.(38) Patients on anti-TNF therapy were 

less likely to fail than those who received no anti-TNF therapy. Combination therapy was most strongly 

associated with a lower risk of treatment failure (HR 0.17; 95% CI 0.40–0.71). On imaging (CT or MRE), 

analysed in 55 of the 84 patients in the cohort, small stricture luminal diameter (HR 1.34; 95% CI 1.01–

1.80), increased stricture wall thickness (HR 1.23; 95% CI 1.04–1.46) and fistula with abscess (HR 5.6 

95% CI 1.6–19.4) were all predictors of treatment failure. 

 

Endoscopic Therapy for Stricturing Crohn’s Disease 

Of the 60 included studies, study size ranged from 10 to 273 patients undergoing endoscopic 

therapy.(39), (40) Six hundred and one total procedures were performed in the largest study. Only two 

studies were randomized control trials, both assessing the use of corticosteroid injection into 

strictures as adjunctive treatment to EBD.(41, 42) Seven studies were prospective cohort studies, the  

largest included 55 patients.(43) The remaining studies were either retrospective cohort or case-

control studies.  

One study compared endoscopic dilation outcomes in strictures secondary to Crohn’s disease versus 

non-Crohn’s disease strictures. A similar reintervention rate (surgery or repeat dilation) was found in 

both groups.(44) However, the stricture locations were markedly different in these groups, with 

almost half the non-Crohn’s patients having a colorectal anastomotic stricture versus none in the 

Crohn’s disease cohort. 

One study reported on patient satisfaction with endoscopic therapy with 83% of patients reporting 

satisfaction with the procedure.(45) 

 

Outcomes of Endoscopic Balloon Dilation  

Fifty seven of the 60 endoscopic studies involved EBD as the primary treatment modality. The main 

study outcomes are reported in Table 3.  

 

In studies where patient symptoms were reported, at least 70% of the included patients across all 

studies were symptomatic, except in one study where only 14% were symptomatic.(46) 
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The percentage of patients requiring surgery post EBD was up to 59%,(47) although in 57 of the 60 

studies surgery rates were below 50%. Repeat dilation was common and occurred in up to half the 

patients in most cohorts but reached as high as 83%. in the same study that had the highest surgical 

resection rate.(47)  

 

Technical success was high (above 90%) in the majority of studies (table 2). Data on the maximum 

balloon size and associated success was highly variable with maximum balloon sizes varying from 15 

to 25mm. Failure to achieve a maximum dilation of 14 mm or more increased the risk of surgery in a 

large and well conducted retrospective study (HR 2.9; 95% CI 1.1–7.5).(48) Overall, achieving dilatation 

with larger diameter balloons (ie. larger than 15mm) did not appear to have any impact on surgical or 

re-dilation outcomes.  

 

Endoscopic Dilation of Anastomotic versus Non-anastomotic (De Novo) Strictures 

Multiple studies have compared outcomes of EBD for anastomotic versus de novo strictures. In the 

majority of studies, there was no difference in therapeutic outcomes..(49), (50, 51), (52), (53, 54)  

Endoscopic Dilation of Upper Gastrointestinal Strictures 

Two studies reported exclusively on EBD outcomes for patients with upper gastrointestinal strictures. 

Singh et al analysed a cohort of 35 symptomatic patients of gastric and duodenal strictures.(55) Sixty-

seven percent of the strictures were in the duodenum, 20% gastric and 11% both. Technical success 

was 93%. The overall surgical rate was 34%, with 57% requiring repeat dilation. This is comparable to 

lower GI strictures.  The safety of dilation in these studies, despite the smaller numbers appeared 

comparable to colonoscopic dilation.  

Endoscopic Therapy Combined with Drug Therapy 

The impact of drug therapy in combination with endoscopic therapy was retrospectively described in 

25% of the endoscopic studies. (Table 2) None of the prospective EBD studies incorporated a protocol 

for managing patients’ drug therapy around the time of the EBD.  

Thienpont et al in a cohort of 138 patients with mostly anastomotic strictures, found that a patient’s 

baseline medical therapy did not influence the outcome of repeat dilation or need for surgery in 

patients undergoing EBD.(56) Sixteen percent were on biologics and 31% on immunomodulators.  

Ding et al in a cohort of 55 patients showed that anti-TNF therapy, newly commenced post EBD, 

resulted in a reduced need for repeat EBD (HR 0.23; 95% CI 0.07–0.67).(57) Ono et al analysed a cohort 

of 185 patients treated with infliximab therapy of whom 33 had symptomatic stricture. Twenty-five 

patients underwent EBD and eight did not. Despite the small numbers, those having EBD had a 
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reduced risk of subsequent surgery (P = 0.038).(58) Honzawa et al, in a study of 25 patients, found 

that those treated with anti-inflammatory therapy including infliximab had a significantly reduced 

need for repeat EBD with a mean of 1.6 dilations compared to 4.8 in those without drug treatment (P 

= 0.04).(59)  

Conversely, Reutemann et al showed that, whilst anti-TNF therapy at baseline did not pose an 

increased surgical risk, the initiation of anti-TNF therapy introduced post EBD was associated with an 

increased surgical risk (HR 2.4; 95% CI 1.1–5.3).(48) Andujar et al found similarly that not receiving 

anti-TNF at the time of dilation was associated with avoidance of surgery or repeat dilation (OR 1.7; 

95% CI 1.1–2.6) 

In two other studies the absence of thiopurine therapy increased the incidence of repeat intervention 

(EBD or surgery).(46), (51) 

Other medications explored in combination with EBD included antibiotics which were found to be 

linked with an increased likelihood of re-intervention in one study(44) and concomitant 

corticosteroids which were associated with repeated intervention in two studies.(60, 61) 

Endoscopic therapy versus upfront surgery 

Two studies retrospectively compared EBD outcomes to surgical resection in patients with an ileo-

colic anastomotic stricture.(62), (63) Surgical stricture treatment was associated with a decreased risk 

of subsequent surgery compared to EBD (HR 0.49; 95% CI 0.32–0.76). A history of a single previous 

resection was also associated with better outcomes compared to those who had two or more previous 

resections in all patients (HR 0.41; 95% 0.26–0.66 for repeat surgery). Greener et al also reported a 

higher need for surgery/repeat surgery during follow-up in the endoscopically treated patients versus 

upfront surgery (OR 3.53; 95% CI, 1.01-12.29). Overall, 52% and 28% of the those undergoing EBD 

ultimately required stricture surgery in the studies by Lian et al and Greener respectively 

One study compared EBD to primary ileo-colic resection in de-novo ileo-colic and terminal ileal 

strictures.(64) As with the anastomotic stricture studies, the cumulative probability of secondary 

surgery was higher in the EBD versus the upfront surgical cohort. (HR 4.7; 95% CI 2.4-9.1). Overall, 44% 

of patients in the 117 patients undergoing EBD required surgery in the study follow up period, similar 

to the findings for anastomotic strictures.  

 

Endoscopic Balloon Dilation with Adjunctive Corticosteroid Injections 

Two randomized controlled trials compared intralesional steroid versus placebo (saline) injection, in 

combination with EBD, with conflicting results. Both studies used 40mg triamcinolone. In the pilot 

study by East et al, published in 2007, worse outcomes were seen in the steroid treatment arm.(42) 
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One of 6 patients in the placebo group required redilatation, compared with 5 of 7 in the triamcinolone 

treatment arm (P = 0.06). In the per-protocol analysis the differences were more significant (log rank 

test; P = 0.03). 

 

In contrast, Di Nardo et al in a randomized trial, included 29 paediatric patients (median age 14 years) 

with non-passable strictures. None of the 15 patients randomized to intralesional steroid in 

combination with EBD required surgery, whereas 4 of 14 patients in the placebo arm went on to 

surgical resection (P = 0.02).  

 

The benefit of adjunctive intralesional steroid injection has not been reproduced in several larger 

cohort studies, showing no impact on surgery free survival.(65), (44), (52)  

 

Needle Knife Stricturotomy for Treatment of Strictures 

The use of an electrocautery needle knife as an adjunctive treatment for Crohn’s disease strictures 

has been described from 1987 in case reports, (66) although the technique has been used for only a 

small number of patients.(52, 67)  

Two retrospective studies in this review, have reported specifically on needle knife stricturotomy 

outcomes, both from the Cleveland Clinic, Ohio.  

Lan et al published a retrospective study in 2018 which compared needle knife stricturotomy with EBD 

for anastomotic strictures.(68) Twenty-one patients were treated with needle knife stricturotomy and 

164 treated with EBD. The median stricture length was short in both the stricturotomy cohort (1.5cm, 

IQR 1.0–2.4) and the EBD cohort (2.0cm, IQR 1.0-3.0). Technical success was 100% and 90% 

respectively. The rate of stricture surgery was 9.5% in the stricturotomy cohort versus 34% in the EBD 

cohort, although this was not significant given the shorter follow up in the stricturotomy cohort (10 

months versus 4 years). Procedural complications differed, with no bowel perforations and a post 

procedural bleeding rate of 9% the stricturotomy group versus a 1% perforation and 0% bleeding rate 

in the EBD cohort (not statistically significantly).  

A cohort of 35 who underwent needle knife stricturotomy (reported by the same group as above) 

were compared to a control cohort of 147 patients  having ileo-colic anastomotic stricture 

resection.(69) Twenty-three percent of the needle knife stricturotomy cohort had previously 

undergone EBD without sustained success. There was no difference in the overall stricture-related 

secondary surgery rate (11% in the needle knife cohort versus 10% in the surgical cohort). However, 

the follow up was significantly shorter in those undergoing needle knife therapy compared with 

surgery (median 10 months versus 26 months). 

This article is protected by copyright. All rights reserved.



Endoscopic Stent Insertion 

Three studies incorporated the use of stents to treat Crohn’s disease strictures in a largely treatment 

refractory cohort. In a large cohort of 187 patients who underwent EBD by Andujar et al, 11 patients 

had ‘rescue’ endoscopic stent placement after failure of EBD.(49) Of these 7 (64%) avoided surgery.  

The largest series specifically focussing on temporary stent insertion was performed by Loras et al.(70) 

In this retrospective series of 17 patients, 41% came to surgical resection. Fourteen of the patients 

had previous EBD. Both partial and fully covered metal stents were used. On average stents were left 

insitu for 28 days. One patient had proximal stent migration requiring surgery. 

Safety of Endoscopic Therapy 

The most common complication arising from EBD is bowel perforation. The rate of EBD perforation 

varied from 0 to 10% with most in the 2-3% range (Table 3). The majority of these patients required 

surgery, though some were conservatively managed. Bleeding requiring transfusion was the second 

most common complication with a range of 0 to 5% following EBD. There were no factors that 

predicted complications.  

Factors Associated with Endoscopic Treatment Success 

Multiple predictors of treatment success were identified from the 60 endoscopic therapy studies. The 

most consistent predictor of treatment success was stricture length. (49, 60, 61, 71), (64) However, few 

studies included patients with strictures longer than 5cm. Winder et al, in a recent study of 64 patients, 

found that stricture length ≤4 cm was associated with avoidance of surgery on multivariable analysis 

(HR 0.31; 95% CI 0.10–0.99). Lan et al in a study of EBD for de novo (primary) strictures reported a 

hazard ratio of 2.0 for every 1-cm increment in stricture length (95% CI 1.3-3.3).(64) Andujar et al in 

another recent study found stricture length (≤ 2 cm) to be independently associated with therapeutic 

success on multivariate regression analysis (HR 2.43; 95% CI 1.1–5.3).(49)  

 

Active endoscopic inflammation at the stricture was also associated with surgery. Breysem et al first 

reported this in a study of 16 patients undergoing EBD. Eight patients without active endoscopic 

inflammation all avoided stricture surgery, whilst in the 8 patients with endoscopic mucosal 

inflammation surgery was ultimately required in 50%.(72) Ding et al found in 55 patients with 

anastomotic strictures that increased stricture-associated endoscopic inflammation (Rutgeerts score 

>i3) was associated with surgery (HR 4.55, 95% CI 1.08–19.29).(57) Winder et al also found an inflamed 

stricture was associated with a decreased likelihood of treatment success (OR 0.19; 95% CI 0.06–

0.57).(61) However, two studies found no impact of endoscopic inflammation on outcomes in 

anastomotic strictures.(56), (43) 
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Elevation of C-reactive protein (CRP) has been associated with an increased risk of surgery. Reutemann 

et al in a retrospective cohort of 135 patients found that an elevated CRP (>1.5 mg/dL), occurring in 

33% of the entire cohort, was a risk factor (HR 2.64; 95% CI 1.28–5.44).(48) Bhalme et al, in a cohort 

of 79 patients undergoing EBD also reported an association between high CRP and reintervention (P 

= 0.008).(73) An elevated calprotectin level was associated with a need for repeated EBD in one study 

(HR 3.9; 95% CI 1.6-10.2).(46)  

 

In the two of the largest prospective endoscopic therapy studies (55 and 37 patients), the only factors 

associated with treatment success was passage of the scope post dilation or technical success.(43), 

(74) This same finding was seen in many, but not all, of the larger retrospective cohorts.(49)  

 

In the largest EBD study to date of 273 patients by Shivashankar et al, the only factor associated with 

subsequent surgery on regression analysis was younger age (HR 0.80; 95% CI 0.69–0.92).(40) 

 

Disease duration did not appear to impact outcomes of endoscopic stricture treatment. Andujar et al 

found no difference between patients undergoing balloon dilation <10 years since Crohn’s disease 

duration versus ≥10 years. (49) Similarly, in a large study by Atreja et al disease duration did not impact 

endoscopic treatment success or avoidance of surgery. (52)  

 

Few endoscopic studies reported on radiologic findings. However, in a large cohort of patients with 

anastomotic strictures, pre-stenotic dilation seen on imaging was as a predictor of surgery on 

multivariable analysis (HR 2.3; 95% CI: 1.3-4.2). (65, 68)  

 

Gustavsson et al, in a cohort of 83 patients (taken from a larger cohort of 178 patients) found that in 

up to five years of follow up, smokers had statistically significantly higher cumulative probability of 

repeat intervention compared to never smokers, 81% versus 52% (difference 29%; 95% CI 7-52%).(75) 

  

Discussion 

This systematic review has defined the current role of drug therapy, in particular anti-TNF therapy, for 

the treatment of Crohn’s disease strictures. It has also confirmed the importance of endoscopic 

therapy in the management of selected patients with strictures.  

Thiopurines do not appear to have a significant role in the medical management of patients with 

Crohn’s disease strictures and corticosteroids do not alter long term outcomes. Exclusive enteral 

nutrition (EEN) is an attractive short-term treatment strategy as it involves a low residue diet, is not 
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immune suppressing and has an anti-inflammatory effect. Whilst helpful in the short term,(35, 36) 

EEN is not appropriate for longer-term treatment.   

Preliminary data suggest that anti-TNF therapy may decrease inflammation at the site of the stricture, 

with subsequent prevention of stricture progression by decreasing  bowel wall oedema, smooth 

muscle hyperplasia or hypertrophy, and fibrosis.(3) Ultimately, 47% of patients with symptomatic 

stricturing disease require surgical resection following standard dose anti-TNF after 4 years of follow 

up.(20)  

For endoscopic stricture treatment, endoscopic balloon dilation (EBD) remains the mainstay of 

endoscopic therapy. Strictures less than 5cm in length are particularly amenable to EBD whereas its 

role in longer strictures in limited. Passage of the scope through the stricture post dilation and/or EBD 

technical success are the other factors consistently associated with prolonged surgery-free survival. 

The absence of stricture-associated inflammation (seen endoscopically or defined by CRP and/or 

faecal calprotectin) is also associated with improved EBD outcomes.(46, 48, 73) It is likely that 

adequate control of inflammation prior to, or in conjunction with EBD, will improve outcomes, but this 

has not been evaluated prospectively. To date, retrospective studies have been conflicting about the 

value of  combining EBD with systemic anti-TNF therapy, with some showing benefit (58, 59, 76) and 

others showing worse outcomes.(48, 49) 

Larger studies with longer term follow up are needed before needle knife stricturotomy and 

endoscopic stents can be recommended as primary treatments for Crohn’s disease strictures, 

although small studies suggest that endoscopic stricturotomy is promising. Adjunctive corticosteroid 

injection cannot be recommended based on current evidence. 

There are a number of limitations with respect to the studies included in this review. Most included 

studies were retrospective. The non-standardized and heterogenous definition of strictures also 

makes it difficult to make direct comparisons between studies. Despite recently updated European 

Crohn’s Colitis Organization (ECCO) and American College of Gastroenterology (ACG) guidelines, the 

specific definition of what constitutes a Crohn’s disease stricture remains imprecise.(77), (78) In addition, 

there is no standardised clinical assessment tool for characterizing symptoms in patients with Crohn’s 

disease strictures. The Crohn’s Disease Activity Index (CDAI) is unsuitable for characterising stricture 

related obstructive symptoms.(79) A promising clinical tool that requires validation is the Crohn’s 

Disease Obstructive Score (CDOS).(20) 

Even with best drug treatment, as illustrated in the CREOLE study,(20) or successful EBD, a significant 

number of patients with Crohn’s strictures will come to surgery. To improve outcomes, a more 

sophisticated approach to stricture treatment is required. This would incorporate clinical, biochemical, 
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endoscopic and radiological information to inform decisions regarding best drug, endoscopic and 

surgical treatment.  

Ultimately, effective anti-inflammatory drug therapy combined with optimal endoscopic therapy for 

suitable strictures may synergistically provide the most effective non-surgical treatment of strictures. 

However, this needs to be tested in high quality prospective trials. Endpoints following drug treatment 

should focus on endoscopic mucosal healing(80), (33) and/or transmural healing,(22) as these outcomes 

have most clearly demonstrated an association with improved patient symptoms and the avoidance 

of stricture surgery.  

In conclusion, whilst historically most patients with Crohn’s disease strictures have undergone surgical 

treatment, this review has highlighted that in symptomatic patients, drug treatments targeting 

inflammation (anti-TNF therapy) have the highest chance of prolonged treatment success.  

For endoscopic treatment to be successful it appears that a shorter stricture length and control of 

mucosal inflammation are pre-requisites. Furthermore, improved overall patient and stricture 

characterization with respect to clinical, biochemical, endoscopic and radiologic features will help 

guide personalised care and allow us to optimise treatment outcomes. The development of novel 

treatment targets for rapid and potent control of inflammation as well as those targeting smooth 

muscle remodelling and fibrosis are also needed. 

Finally, for treatment outcomes to improve, we require high quality prospective randomized studies 

with precise stricture definition and characterization in order to change the natural history of this 

complication.  
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Figure 1 - Search Strategy developed for Medline  

 

Figure 2 - PRISMA flow diagram describing the identification, screening, eligibility and included 

studies in this systematic review 

 

 

 

 

 

Table 1. Inclusion and exclusion criteria 

Inclusion Criteria. 

 Adult and paediatric patients with a confirmed diagnosis of Crohn’s disease and current 

stricturing disease (B2 disease according to the Montreal Classification)(29) 

 Full papers (not abstracts) which describe patient outcomes following drug and/or 

endoscopic therapy for Crohn’s disease associated strictures. 

 Anastomotic (secondary) and de novo (primary) strictures. 

Exclusion criteria 

 Single case reports 

 Practice guidelines 

 Expert opinions 

 Conference abstracts, conference papers, comments, letters and notes 

 Animal studies 

 Cohorts with <10 patients with stricturing disease 

 Non-English language articles 

 Anal strictures 

 Ileal pouch-anal anastomosis associated strictures 

 Malignant bowel strictures 

 Endoscopic studies only involving double balloon enteroscopy for stricture treatment 
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Table 2. Drug therapy for stricturing Crohn’s disease 

Author Year Cohort Type 
Drug therapy 

used 

Comparison - in 

Stricturing cohort 

n 

Total 

% with 

Stricture 

Exclusive 

stricture 

cohort 

Modality of 

stricture 

diagnosis 

Follow 

up 

(months) 

Response to 

treatment 

n (%) 

Response/ 

Surgery? 

Frei et al (34) 2019 Prospective Anti-TNF 
Early vs late initiation anti-

TNF treatment 
1592 32% No 

Clinical 

symptoms, 

imaging and 

endoscopy 

<120 -  

Maehata et al 

(71) 
2019 Retrospective 

various drug 

therapy 

Clinical and radiological 

factors associated with 

stricture surgery 

53 100% Yes 

Double contrast 

small bowel x-

ray 

60 
25/53 

(47%) 

28 of 53 required 

surgery 

Amitai et al (23) 2018 Retrospective 
Infliximab or 

adalimumab 

Factors associated with 

treatment failure 
21 100% Yes MRE 12 

12/21 

(57%) 

5 of 21 required 

surgery 

Bouhnik et al (20) 2018 Prospective Adalimumab 
Factors associated with 

treatment success 
97 100% Yes MRE 45 

62/97 (64%) 

after 24 weeks 

and 29/97 (30%) 

after long term 

follow up 

48 of 97 required 

surgery 

Olivera et al (81) 2017 Retrospective 
Anti-TNF (Mainly 

infliximab) 

Persistence rates of 

infliximab vs Adalimumab 
487 29% No - 63 -  

Yang et al (36) 2017 Prospective EEN EEN treatment outcomes 41 24% No - 3 
6/10 

(60%) 
 

Naganuma et al 

(82) 
2017 Prospective 

Infliximab or 

adalimumab 

MRE findings that predict 

clinical recurrence. 
50 32% No MRE 18 

8/16 

(50%) 

50% with severe 

stricture required 

surgery 

Campos et al (38)  2017 Retrospective 

Steroids, 

immunomodulato

rs, Anti-TNF 

therapy and 

others 

Drug therapy associated 

with therapeutic success 
84 100% Yes 

MRE, CT and 

endoscopy 
<60 

28/84 

(33%) 

26 pf 84 required 

surgery 

Allocca et al (37) 2017 Retrospective 
Infliximab or 

adalimumab 

Factors associated with 

avoidance of surgery 
51 100% Yes 

MRE, 

Endoscopy 
16 

31/51 

(61%) 

20 of 51 required 

surgery - median 

37 months 

Konno et al (35) 2015 Retrospective EEN 
EEN and aminosalicylate 

treatment outcomes 
58 22% No Endoscopy 50 

8/13 

(63%) 
 

Echarri et al (80) 2015 Prospective Adalimumab 
Factors associated with 

treatment response 
68 41% No - 24 

8/28 

(29%) 
 

Yoshino et al (27) 2015 Retrospective Thiopurines 
Stable patients treated with 

monotherapy thiopurine 
47 36% No - 39 

10/17 

(58%) 

7 relapses, 3 of 

these patients 

underwent 

surgery 
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Author Year Cohort Type 
Drug therapy 

used 

Comparison - in 

Stricturing cohort 

n 

Total 

% with 

Stricture 

Exclusive 

stricture 

cohort 

Modality of 

stricture 

diagnosis 

Follow 

up 

(months) 

Response to 

treatment 

n (%) 

Response/ 

Surgery? 

Yu et al (83) 2015 Retrospective Infliximab 
Efficacy of induction 

treatment 
106 27% No - 2.5 

21/29 

(72%) 

Response defined 

by CDAI 

Beppu et al (33) 2015 Retrospective Infliximab 
Mucosal healing on 

infliximab 
54 43% No Endoscopy 45 

16/23 

(70%) 

All patients with 

mucosal healing 

avoided surgery 

Eder et al (84) 2015 Retrospective 
Infliximab or 

adalimumab 

MRE features predictive of 

remission in patients treated 

with anti-TNF 

61 16% No MRE 12 
6/10 

(60%) 
 

Gibson et al (32) 2015 Retrospective 

Anti-TNF. 

Infliximab and 

Adalimumab 

MRE findings for predicting 

outcome 
75 24% No MRE 17 

6/18 

(33%) 
 

Peters et al (31) 2014 Retrospective Adalimumab 
Factors associated with 

response 
197 - No Imaging 3 -  

Moran et al (28) 2014 Retrospective 
Thiopurines 

and/or Anti-TNF 

Drug treatment factors 

associated with surgery 
425 

20-25% of 

total 
No - 138 

66 to 68% 

avoided surgery 
 

Mao et al (85) 2014 Retrospective 

Infliximab use (9 

patients), New 

steroid use (26) 

Risk factors predictive of 

surgery 
86 100% yes Endoscopy 36 

33/86 

(38%) 

33 of 86 required 

surgery 

Aloi et al (21) 2013 Retrospective 
various drug 

therapy 

Factors associated with 

successful drug therapy 
36 100% Yes MRE 24 

20/36 

(56%) 

4 patients 

underwent 'early' 

surgery. 16 in 

total had surgery. 

Pelletier et al (86) 2009 Retrospective Infliximab 
Factors associated with 

clinical response 
18 100% Yes 

Barium contrast 

x-ray 
18 

7/18 

(39%) 

4 of 18 

underwent 

surgery 

Matsumoto et al 

(30) 
2008 Retrospective Infliximab 

Early vs Late treatment with 

Infliximab 
138 38% No 

Imaging, 

endoscopy 
<12 

28/53 

(53%) 
 

Pallotta et al (22) 2008 Prospective Infliximab 
Regression of stenosis on 

imaging 
20 75% No 

Small intestinal 

contrast 

ultrasound, 

MRI, endoscopy 

38 
8/15 

(53%) 

3 of 15 patients 

required surgery 

Ho et al (26) 2006 Retrospective Corticosteroids 
Factors associated with 

treatment response 
60 23% No - 12 

6/14 

(43%) 
 

Bemelman et al 

(25) 
2001 Retrospective 

Steroids, enteral 

feeding, 5-ASA 

therapy, 

thiopurines, 

methotrexate, 

antibiotics 

Non-surgical management of 

hospitalised patients 
76 89% No 

Small bowel 

series 
96 

19/68 

(28%) 

10 patients 

required upfront 

surgery 
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Table 3. Endoscopic therapy for stricturing Crohn’s Disease 

Author Year 
Study 

Design 

Additional 

therapy or 

comparison  

n Total 

Average 

Stricture 

length (cm) 

Total 

no. of 

Endosc

opic 

Proced

ures 

Technical 

success % 

Anast. 

Stricture  

% 

Symptomatic 

patients 

% on 

biologic 

therapy 

Surgical 

Intervent. 

Rate 

Redilation 

rate 

% 

perforation 

/ bleeding* 

Follow 

up 

(months) 

Lan et al (69) 2019 
Case-Control 

study 

Needle knife 

stricturotomy 

vs surgical 

resection 

35 2 49 - 100% - 51% 11% 37% 

2 % 

perforation, 

7% bleeding  

10 

Winder et al 

(61) 
2019 

Retrospective 

cohort 
 64 1.5 138 85% 50% - (Most) 22% 33% 47% 

4% 

perforations, 

0.7% bleeding 

40 

Andujar et al 

(49) 
2019 

Retrospective 

cohort 

Stent in 11 

patients 
187 2.8 400 80% 41% 100% 39% 22% 62% 

1% 

perforation 
40 

Shivashankar 

et al (40) 
2018 

Retrospective 

cohort 

15% steroid 

injection 
273 2 601 91% 48% 95% 50% 30% 42% 

1% 

perforation, 

0.4% bleeding 

31 

Taida et al 

(87) 
2018 

Retrospective 

cohort 
 26 - 65 100% 15% 100% 77% 8% 42% 0% 30 

Lee et al (88) 2018 
Retrospective 

cohort 
 30 1 55 87% 19% 100% 33% 3% 27% 

4% 

perforation 
135 

Lan et al (64) 2018 
Case-Control 

study 
 

375 

Total. 

117 

treated 

with 

primary 

EBD, 258 

with 

primary 

surgical 

resection 

1.5 - 86% 0% 
85% In EBD 

group 
34% 44% 34% 

1% 

perforation 
96 

Lan et al (64) 2018 
Case-Control 

study 

EBD vs needle 

knife 

stricturotomy 

185 

1.5 (Endoscopic 

stricturotomy), 

2.0 (EBD) 

- 

100% in ES 

group and 

90% in 

EBD group 

100% 
71% ES group 

 82% EBD group 

43% ES,  

25% EBD 

9.5% ES 

 34% EBD 

(P=0.03) 

57% repeat 

ES, 60% 

repeat EBD 

0% 

perforation, 

9% bleeding 

ES. 1% 

perforation, 

0% bleeding 

EBD 

10 (ES 

group), 48 

(EBD 

group) 
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Author Year 
Study 

Design 

Additional 

therapy or 

comparison  

n Total 

Average 

Stricture 

length (cm) 

Total 

no. of 

Endosc

opic 

Proced

ures 

Technical 

success % 

Anast. 

Stricture  

% 

Symptomatic 

patients 

% on 

biologic 

therapy 

Surgical 

Intervent. 

Rate 

Redilation 

rate 

% 

perforation 

/ bleeding* 

Follow 

up 

(months) 

Lopes et al 

(46) 
2017 

Retrospective 

cohort 
 58 - 69 92% 100% 14% - 3% 27% 0% 34 

Singh et al 

(55) 
2017 

Retrospective 

cohort 

Steroid 

injection 3%, 

needle knife 

1% 

35 - 96 93% 0% 100% 52% 34% 57% 
3% 

perforation 
22 

Reutemann 

et al (48) 
2017 

Retrospective 

cohort 
 135 - 292 - 39% - 61% 28% 29% 

1% 

perforation 
42 

Lopes et al 

(46) 
2017 

Retrospective 

cohort 

Comparison 

anastomotic vs 

non-

anastomotic 

EBD 

80 - 

Median 

2 per 

patient 

98% 54% 31% 45% 4% 53% 0% 53 

Lian et al 

(62) 
2017 

Retrospective 

cohort 
 

289*  

176 had 

EBD and 

131 

surgery 

- 447 90% 100% 100% 21% 52% 

Median 2 

dilations 

per patient 

1% 

Perforation 
35 

Kanamori et 

al (89) 
2017 

Retrospective 

cohort 
 30 2 - 90% 27% 100% 73% 23% 47% 0% 13 

Asairinachan 

et al (60) 
2017 

Retrospective 

cohort 
 47 - 161 88% 67% 78% 51% 38% 65% 

2% 

perforation 
37 

Rueda et al 

(45) 
2016 

Retrospective 

cohort 
 46 - 118 90% 38% - 7% 44% 40% 

2% 

perforation 
58 

Guo et al 

(90) 
2016 

Retrospective 

cohort 
 24 - 67 93%  100% 0% 38% 79% 

3% 

perforation 
23 

Ding et al 

(57) 
2016 

Retrospective 

cohort 
 55 2 151 89% 100% 100% 

6% at 

baseline 

 (30% 

post-

dilation) 

18% 69% 
2% 

perforation 
70 

Lian et al 

(65) 
2015 

Retrospective 

cohort 
 185 - 465 91% 100% 80% 17% 36% 59% 

1% 

perforations 
47 

Greener et 

al (63) 
2015 

Retrospective 

cohort 
 79 5.8 72 82% 19% 100% 42% 28% 36% 

0% 

perforation, 

3% bleeding 

37 
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Author Year 
Study 

Design 

Additional 

therapy or 

comparison  

n Total 

Average 

Stricture 

length (cm) 

Total 

no. of 

Endosc

opic 

Proced

ures 

Technical 

success % 

Anast. 

Stricture  

% 

Symptomatic 

patients 

% on 

biologic 

therapy 

Surgical 

Intervent. 

Rate 

Redilation 

rate 

% 

perforation 

/ bleeding* 

Follow 

up 

(months) 

Romanko et 

al (91) 
2015 

Retrospective 

cohort 
 109 - 220 77% 85% 53% 19% 32% - 

0.5% 

perforation 

1% bleeding 

- 

Chen et al 

(24) 
2014 

Retrospective 

cohort 

4 patient 

needle knife 

(16%) and 7 

corticosteroid 

injection 

(28%). All 

patients had a 

stoma. 

25 1.1   0% 72%  8% 64% 
3% 

perforation 
22 

Krauss et al 

(92) 
2014 

Case-Control 

study 

EBD vs 

surgery. 30% 

steroid 

injection & 

EBD 

88 (51 

had EBD) 
3 160 - 25% - 1% - 82% 

14% 

perforation 
52 

Hagel et al 

(50) 
2014 

Retrospective 

cohort 
 77 2 237 

55% 

(following 

1st 

dilation) 

57% Not stated - 35% 54% 

2% 

perforation, 

Bleeding 2% 

24 

Bhalme et al 

(73) 
2014 

Retrospective 

cohort 
 79 - 191 95% 61% - 29% 23% 57% 0% 27 

Chen et al 

(44) 
2014 

Retrospective 

cohort 

CD compared 

to non-Crohn's 

strictures. 25% 

Corticosteroid 

injections 

90 1.5 

151 (CD 

patients

) 

94% 73% 100% 25% 33% 48% 
5% 

perforation 
50 

Atreja et al 

(52) 
2014 

Retrospective 

cohort 
 128 2.7 430 83% 48% - 23% 33% 59% 

1% 

perforation, 

0.2% bleeding 

22 

Nanda et al 

(93) 
2013 

Retrospective 

cohort 
 31 - 55 100% 100% 100% 8% 55% 48% 0% 46 

Endo et al 

(94) 
2013 

Retrospective 

cohort 
 30  47 94% 36% 100% 13% 36% 32% 

4% 

perforation 
26 

de'Angelis et 

al (95) 
2013 

Prospective 

cohort 
 26 4.6 46 100% 56% 100% 23% 7% 50% 0% 41 

Honzawa et 

al (59) 
2013 

Retrospective 

cohort 
 25 1 83 88% 21% 100% 5% 24% 60% 

4% 

perforation 
46 This article is protected by copyright. All rights reserved.



Author Year 
Study 

Design 

Additional 

therapy or 

comparison  

n Total 

Average 

Stricture 

length (cm) 

Total 

no. of 

Endosc

opic 

Proced

ures 

Technical 

success % 

Anast. 

Stricture  

% 

Symptomatic 

patients 

% on 

biologic 

therapy 

Surgical 

Intervent. 

Rate 

Redilation 

rate 

% 

perforation 

/ bleeding* 

Follow 

up 

(months) 

Ono et al 

(58) 
2012 

Retrospective 

cohort 
 32 - - - 15% 100% 100% 15% - - 24 

Karstensen 

et al (96) 
2012 

Retrospective 

cohort 
 19 - 54 - 42% 100% 4% 26% 74% 

2% 

perforation 
21 

Gustavsson 

et al (51) 
2012 

Retrospective 

cohort 

Steroid inj. in 9 

pts and needle 

knife in 7 

178 - 776 89% 80% 81% 0% 36% 

Not stated. 

(52% 

required 1 

or 2 

dilations 

only) 

1% 

perforation, 

1% Bleeding 

60 

Loras et al 

(70) 
2012 

Retrospective 

cohort 

25 stents 

inserted in 

total 

17 3 23 92% 59% 100% 59% 41% 6% 

0% 

perforation. 

spontaneous 

migration 

common - 1 

day to 

>2weeks 

14 

Attar et al 

(97) 
2012 

Prospective 

cohort 

metal stent 

inserted in all 

patients 

11 4 11 91% 82% 100% 45% 18% - 0% 49 

Scimeca et al 

(74) 
2011 

Prospective 

cohort 
 37 - 72 84% 90% 100% 5% 11% 49% 0% 26 

Rejchrt et al 

(98) 
2011 

Prospective 

cohort 
 11 - 11 91% 64% - 55% - 0% 

3 stent 

migration 

(30%) 

17 

Thienpont et 

al (56) 
2010 

Retrospective 

cohort 
 138 - 237 97% 84% 100% 16% 24% 46% 

3% 

perforation 
70 

Mueller et al 

(99) 
2010 

Retrospective 

cohort 
 55 3 93 95% 31% 100% 0% 24% 31% 

1% 

perforation 
44 

Di_Nardo et 

al (41) 
2010 

Prospective 

randomized 

controlled pilot 

study 

Steroid inj. in 

15 patients 

(52%) 

29 1.4 35 93% 41% 100% 24% 

29% in 

placebo 

arm and 0 

in steroid 

injection 

arm 

7% steroid 

arm and 

36% 

placebo 

arm 

0% 12 

Stienecker et 

al (100) 
2009 

Prospective 

cohort 
 25 1-10 33 97% 52% 100% - 16% 46% 

3% 

perforation 
81 
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Author Year 
Study 

Design 

Additional 

therapy or 

comparison  

n Total 

Average 

Stricture 

length (cm) 

Total 

no. of 

Endosc

opic 

Proced

ures 

Technical 

success % 

Anast. 

Stricture  

% 

Symptomatic 

patients 

% on 

biologic 

therapy 

Surgical 

Intervent. 

Rate 

Redilation 

rate 

% 

perforation 

/ bleeding* 

Follow 

up 

(months) 

Hoffmann et 

al (101) 
2008 

Retrospective 

cohort 
 25 - 51 90% 57% 100% 0% 24% - 

2% 

perforation 
17 

Foster et al 

(102) 
2008 

Retrospective 

cohort 

65% steroid 

injection 
24 - 71 92% 38% 100% 83% 8% 54% 

3% 

perforation 
32 

Ajlouni et al 

(103) 
2007 

Retrospective 

cohort 
 37 - 54 90% 37% 95% - 8% 22% 

0% 

perforation 
20 

East et al 

(42) 
2007 

Prospective 

randomized 

controlled pilot 

study 

7 received 

steroid 

injections 

13 2 19 92% 100% 100% 0% 17% 46% 0% 12 

Nomura et al 

(104) 
2006 

Retrospective 

cohort 
 16 2.2 20 94% 44% 100% 6% 44% 25% 

10% 

perforation, 

5% bleeding 

39 

Ferlitsch et 

al (53) 
2006 

Retrospective 

cohort 

6 patients had 

steroid 

injected (15%) 

39 2 73 95% 59% 100% 0% 28% 62% 

3% 

perforation, 

1% bleeding 

21 

Singh et al 

(105) 
2005 

Retrospective 

cohort 

10 patients 

had steroid inj. 
17 2 29 97% 35% 100% 0% 24% 24% 

10% 

perforation 
19 

Thomas-

Gibson et al 

(47) 

2003 
Retrospective 

cohort 
 59 3 124 81% 90% 100% 0% 59% 83% 

2% 

perforation 
29 

Sabate et al 

(106) 
2003 

Retrospective 

cohort 
 38 2.1 53 84% 74% 100% 0% 39% 38% 

2% 

perforation 
23 

Morini et al 

(107) 
2003 

Retrospective 

cohort 
 43 2.4 

Mean of 

3 

procedu

res per 

patient 

79% 72% 100% 0% 47% 65% 0% 64 

Brooker et al 

(108) 
2003 

Retrospective 

cohort 

Steroid 

injection in 20 

of 26 cases 

14 - 26 86% 79% 100% 0% 21% 29% 0% 16 

Dear et al 

(109) 
2001 

Retrospective 

cohort 
 22 - 71 100% 95% 100% 0% 27% 45% 0 45 

Matsui et al 

(54) 
2000 

Retrospective 

cohort 
 55 2 115 85% 43% 82% 0% 23% 55% 

1% 

perforation 
37 

Lavy et al 

(39) 
1997 

Retrospective 

cohort 

Steroid inj. In 

all 10 patients 
10 1 14 100% 50% not stated 0% 0% 20% 0% 24 
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Author Year 
Study 

Design 

Additional 

therapy or 

comparison  

n Total 

Average 

Stricture 

length (cm) 

Total 

no. of 

Endosc

opic 

Proced

ures 

Technical 

success % 

Anast. 

Stricture  

% 

Symptomatic 

patients 

% on 

biologic 

therapy 

Surgical 

Intervent. 

Rate 

Redilation 

rate 

% 

perforation 

/ bleeding* 

Follow 

up 

(months) 

Ramboer et 

al (110) 
1995 

Prospective 

cohort 

Corticosteroid 

injection 
13 - 53 - 69% - 0% 0% 77% 0% 47 

Couckuyt et 

al (43) 
1995 

Retrospective 

cohort 
 55 4 78 90% 64% 100% 0% 38% 33% 

8% 

perforation 

rate 

34 

Breysem et 

al (72) 
1992 

Retrospective 

cohort 
 18 - 26 89% 72% 100% 0% 33% 28% 0% 17 

Blomberg et 

al (67) 
1991 

Retrospective 

cohort 

4 patients 

needle knife 

incision 

27 - 137 - 100% 100%  33% - 

1% 

perforation, 

1% bleeding 

15 

*bleeding requiring blood transfusion

This article is protected by copyright. All rights reserved.



Table 4. Crohn’s disease stricture imaging and clinical factors associated with anti-TNF treatment 

success(20) 

 

Combination immunosuppressive treatment 

Crohn’s disease obstructive score (CDOS) >4* 

Duration obstructive symptoms <5 weeks 

Length of stricture <12 cm 

Maximal small bowel diameter proximal to stricture on MRE of 18–29mm 

Marked enhancement on delayed MRE T1-weighted sequence  

Absence of internal fistula 

 

*See Supplementary material for CDOS scoring 
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