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Abstract
AIM: To evaluate short- and long-term efficacy of en-
doscopic balloon dilation in a cohort of consecutive 
patients with symptomatic Crohn’s disease (CD)-related 
strictures.

METHODS: Twenty-six CD patients (11 men; median 
age 36.8 year, range 11-65 years) with 27 symptomatic 
strictures underwent endoscopic balloon dilation (EBD). 

Both naive and post-operative strictures, of any length 
and diameter, with or without associated fistula were 
included. After a clinical and radiological assessment, 
EBD was performed with a Microvasive Rigiflex through 
the scope balloon system. The procedure was consid-
ered successful if no symptom reoccurred in the follow-
ing 6 mo. The long-term clinical outcome was to avoid 
surgery.

RESULTS: The mean follow-up time was 40.7 ± 5.7 
mo (range 10-94 mo). In this period, forty-six EBD 
were performed with a technical success of 100%. No 
procedure-related complication was reported. Surgery 
was avoided in 92.6% of the patients during the entire 
follow-up. Two patients, both presenting ileocecal stric-
tures associated with fistula, failed to respond to the 
treatment and underwent surgical strictures resection. 
Of the 24 patients who did not undergo surgery, 11 pa-
tients received 1 EBD, and 13 required further dilations 
over time for the treatment of relapsing strictures (7 
patients underwent 2 dilations, 5 patients 3 dilations, 
and 1 patient 4 dilations). Overall, the EBD success rate 
after the first dilation was 81.5%. No difference was 
observed between the EBD success rate for naive (n = 
12) and post-operative (n  = 15) CD related strictures (P 
> 0.05). 

CONCLUSION: EBD appears to be a safe and effec-
tive procedure in the therapeutic management of CD-
related strictures of any origin and dimension in order 
to prevent surgery. 

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
In the last two decades, the medical therapy for Crohn’s dis-
ease (CD) has remarkably improved and the introduction 
of  biological therapies has dramatically changed the ther-
apeutic approach in both adults and children[1,2]. How-
ever, CD still displays an unpredictable clinical course 
with high incidence of  recurrence frequently leading to 
complications such as strictures, fistulas and abscesses[3]. 
At the time of  diagnosis, intestinal strictures may occur 
throughout the gastrointestinal tract in about 5% of  pa-
tients, whereas up to one third of  the patients develop 
an intestinal strictures within 10 years of  disease activity, 
with majority of  them occurring at the terminal ileum, 
ileo-colonic, and colonic level[2,4,5]. 

CD-related strictures is defined as a constant luminal 
narrowing, which can remain clinically silent or manifest 
with prestenotic dilatation and obstructive symptoms, 
such as abdominal bloating, distention, and pain. As the 
result of  the continuous healing response to the chronic 
inflammation within the intestinal walls, the intestinal 
stricture induces a progressive narrowing of  the lumen 
and an increased pressure gradient around the stricture, 
which might ultimately result into the development of  
internal fistula proximately to the obstruction[6]. Stricture-
associated fistulas contribute to increase the disease se-
verity and worsen the clinical management.

CD strictures generally show a poor response to 
medical therapies, and surgical bowel resection or surgi-
cal strictureplasty are often required[5,7,8]. In patients with 
CD, intestinal surgery is needed for as many as 80% 
of  CD patients, and a permanent stoma is required in 
more than 10% of  CD patients[3]. However, high rate 
of  relapse (defined by recurrence of  clinical symptoms) 
is also observed after surgical resection: 40% at 4 years 
after bowel resection[9,10], and 50% at 10 to 15 years after 
ileocecal resection[11,12]. Strictureplasty has also been as-
sociated with a risk of  stricture relapse in 34% of  the 
cases at 7.5 years[13]. This implies that up to one third of  
CD patients will undergo more than one surgery in their 
life course[14-16]. Patients with an early onset disease have 
an increased risk of  surgical relapse and need of  repeated 
resections, which in turn may result in a short bowel syn-
drome[13,17-20]. 

Endoscopic balloon dilation (EBD) is a minimally in-
vasive technique that can reduce or delay the need of  sur-
gery in patients with CD-related strictures[21,22]. With the 
new generation of  double or single endoscopic balloon 
enteroscopy, this procedure can be performed at almost 
any level of  the gastrointestinal tract. Moreover, the EBD 
in CD strictures appears to be a safe technique with a low 
complication rate (0% to 10%)[22-24]. It has been shown 
that the technical success rate of  the endoscopic bal-

loon dilation is 95%[25-27], with up to 47% of  CD patients 
showing a long-term global benefit, i.e., a surgery-free 
period at 3 year follow-up[22,24]. 

In this prospective study, we aimed to assess the ef-
fectiveness and safety of  the EBD in a cohort of  consec-
utive CD patients with symptomatic intestinal strictures.

MATERIALS AND METHODS
Study cohort 
Twenty-six consecutive CD patients (11 males, 15 fe-
males), presenting 27 symptomatic strictures (one patient 
was treated for two strictures), and complaining up to 
two intestinal symptomatic obstructive episodes as sus-
pected by plain abdominal X-rays or contrast study in the 
preceding 6 mo, were prospectively enrolled into the trial 
between March 2004 and March 2011. Diagnosis of  CD 
in both adult and children was based on widely agreed 
endoscopic and histological criteria[28,29], and disease clas-
sification was done according to the Montreal criteria for 
adults and Paris criteria for children[30,31]. A detailed per-
sonal and family history was obtained from each patient. 
The clinical assessment of  the patients was performed 
through the pediatric Crohn’s disease activity index (PC-
DAI) in children, and through the Crohn’s disease activity 
index (CDAI) in adult[32,33]. An PCDAI ≤ 10 and a CDAI 
≤ 150 indicate inactive disease. 

Prior to the endoscopic procedure, all patients under-
went radiological assessment by abdominal ultrasound 
with eco-color doppler of  mesenteric and the ileocecal 
region, and magnetic resonance imaging with contrast en-
hancement to confirm the suspected stricture and to in-
vestigate the presence of  concomitant fistula or abscess. 
No exclusion criterion was applied in the selection of  
strictures to be treated with EBD. Naive and post-surgical 
strictures, strictures associated with fistula or abscess, and 
strictures of  any length and diameter were included in 
the study. In all patients surgery was considered for treat-
ment. 

EBD technique
Before the endoscopic procedure, all patients underwent 
the following tests and medications: standard laboratory 
blood tests including coagulation tests; mechanical intes-
tinal bowel preparation (approximately 36 h before); and 
liquid diet (starting at least 12 h before).

The endoscopic dilations were performed under 
unconscious sedation, obtained by administering IV 
midazolam +/- meperidine or propofol, under constant 
monitoring of  the vital parameters. All procedures were 
performed by the same endoscopist (de’Angelis GL), and 
lasted approximately 1 h. The EBD was carried out using 
Olympus PCF 140 (Olympus, Germany) and Olympus 
Ileoscopy single balloon SIF 180 (Olympus, Germany) 
(according to the stricture site). 

The EBD was carried out with a hydrostatic Microva-
sive Rigiflex through the scope balloon system (Microva-
sive Endoscopic, Boston Scientific Corporation®, Natick, 
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Massachusetts, United States), with a diameter of  15-18 
mm. The correct insertion and positioning of  the balloon 
was checked by fluoroscopic control. After reaching the 
optimal placement through the stricture, the balloon was 
gradually inflated with water and gastrografin up to 15 
mm of  diameter, held for 90 s and then deflated. A sec-
ond inflation up to 18 mm diameter for 90 s was always 
performed. In case of  resilient strictures, the process of  
inflation was repeated up to 6 times in the same session, 
reaching progressively larger balloon diameters. Once 
the balloon dilation was accomplished, a combination 
of  metilprednisolone (40 mg) diluted in 5 mL of  normal 
salin solution were injected intra-lesionally with Olympus 
single use injector 0, 5 mm (Olympus, Japan). The ulti-
mate step of  the procedure consisted in examining the 
proximal bowel (30 cm above the stricture) in order to 
detect others possible lesions that were undetected by the 
pre-procedural assessing imaging. 

In combination with underlying treatment, after EBD 
each patient was treated by administering prednisolone 
with a dosing scheme determined by body weight: 1.5 
mg/kg daily (maximum allowed dose 60 mg daily) for 2 
wk, followed by a 4 wk tapering course.

Clinical outcomes 
The technical success of  the procedure was defined 
as the passage of  the endoscope through the stricture, 
reaching a diameter of  approximately 15 mm. Procedure-
related complications were defined as intestinal perfo-
ration, and active bleeding requiring surgery or blood 
transfusions. The long-term clinical success was defined 
as surgery was avoided all long the follow-up period by 
obtaining symptom relief  with repeated EBD proce-
dures. The short-term clinical success was defined as 6 
mo symptom-free period after the EBD. The need of  re-
dilation was determined based on clinical and imaging 
criteria in association with persistence or reoccurrence of  

obstructive symptoms. Surgery was reserved for strictures 
that did not respond to the medical and the endoscopic 
therapy. 

Ethical considerations
The work carried out was in accordance with the prin-
ciples laid down in the Declaration of  Helsinki for bio-
medical research involving humans. All adult patients in-
cluded in the study gave their consent for the use of  their 
clinical data. For children, written consent was obtained 
from both parents and those older than 12 year signed a 
statement of  assent.

Statistical analysis
Data were analyzed by using SPSS (IBM SPSS Statis-
tics, Version 17.0.0 for Macintosh, Chicago, IL, United 
States). Kaplan-Meier analysis was performed for peri-
ods free of  surgery and free of  endoscopic re-dilation. 
Regression statistics were used to relate the clinical and 
demographic variables to the main outcome (i.e., need of  
surgery). P value ≤ 0.05 was considered significant. Data 
are expressed as median and range, or mean ± SE, unless 
otherwise stated.

RESULTS
The patients’ demographic and clinical characteristics, 
and the stricture characteristics are summarized in Tables 
1 and 2 respectively. Forty-six EBD were performed for 
27 symptomatic strictures occurred in the 26 CD patients. 
Of  these, 15 patients had post-surgical strictures and 11 
had naive strictures. The technical success of  the endo-
scopic procedure was achieved in all patients without any 
endoscopic related complication (Figure 1). 

The mean follow-up time of  the cohort was 40.7 ± 
5.7 mo (range 10-94 mo). All patients survived during 
the follow-up period. Of  the 26 CD patients that were 
treated with EBD, only two failed to respond to the treat-
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Table 1  Clinical characteristics of the study cohort

Clinical characteristics of the study cohort (n  = 26) Data

Gender distribution (n)
   Male 11
   Female 15
Pediatric/adult patients distribution (n)
   Pediatric   3
   Adult 23
CD indexes of activity (mean ± SE)
   PCDAI (n = 3)    38 ± 7.2
   CDAI (n = 23) 365 ± 75
Ongoing medical therapy (n)
   Azathioprine 20
   Azathioprine + Infliximab   6
Mean age at the time of the CD diagnosis (yr) 22.9 ± 2.8
[mean ± SE (range)] (2-50)
Mean age at the time of the occurrence of the first 
stricture (yr)

36.8 ± 3.6

[mean ± SE (range)] (11-65)

CD: Crohn’s disease; PCDAI: Pediatric Crohn’s disease activity index; 
CDAI: Crohn’s disease activity index. 

Table 2  Clinical characteristics of Crohn’s disease-related 
strictures

Stricture characteristics (n  = 27) Data

Nature of the stricture (n)
   Naive 12
   Post-surgical 15
Location of the stricture (n)
   Upper gastrointestinal   1
   Small intestine   2
   Ileo-colonic 14
   Colonic 10
Mean length (cm) [mean ± SE (range)] 4.6 ± 0.4 (2-12)
   ≤ 4 cm (n) 15
   > 4 cm (n) 12
Mean diameter (mm) [mean ± SE (range)] 2.5 ± 0.2 (1-6)
   ≤ 5 mm (n) 26
   > 5 mm (n)   1
Stricture associated fistula (n)
   Yes   5
   No 22
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endoscopic procedure (i.e., persistency of  subocclusion 
symptoms) were sited at the ileocecal level and were as-
sociated with fistula. On the contrary, the sex and age 
of  the patient, the nature of  the strictures (naive vs post-
surgical), the severity of  CD activity, the dimension of  
the strictures (lengths and diameters), and the medical 
therapy did not influence the long-term clinical outcomes 
(Table 3). 

DISCUSSION
The present study describes the clinical follow-up of  a 
cohort of  26 CD patients presenting with symptomatic 
strictures and treated with EBD. The EBD appeared to 
be a safe technique that prevented the need of  surgery in 
92.6% of  the patients during our follow-up period. The 
endoscopic treatment associated with the medical therapy 
influenced the natural history of  the disease and thus it 
can be considered an effective strategy in the manage-
ment of  symptomatic strictures in CD patients. 

EBD has become more and more used in the treat-
ment of  CD strictures since it demonstrated to be a safe 
and minimally invasive technique, while conserving the 
intestinal length. At the same time, the medical therapy 
is largely applied to manage the clinical course of  this in-
flammatory disease and to control its clinical evolution. A 
combined medical and endoscopic therapy has shown to 
be effective in the treatment of  CD-related strictures[22,34]. 
However, standardized clinical guidelines and protocols 
are missing.

Our cohort study presents some points of  strength 
and novelty. In fact, to describe the effectiveness of  EBD 
and its influence of  the natural history of  the disease, 
we decided to recruit in the study consecutive CD pa-
tients without any strictures related exclusion criterion. 
Conversely to the other studies[21,22,34,35], we considered 
strictures of  any nature and lengths (up to 12 cm), with 
and without associated fistula. The objective was to 
analyze a population that is the most often seen in the 
everyday clinical practice compared to the highly selected 
cohorts of  patients that are usually described in the lit-
erature. Our results demonstrated that the EBD can be 

ment and underwent elective surgical laparoscopic stric-
ture resection. Both patients requiring surgery presented 
ileocecal strictures associated with fistula. The overall 
long-term clinical success rate was 92.6% (24/26 patients 
remained free of  surgery) (Figure 2A). 

Of  the 24 patients who did not undergo surgery all 
long the follow-up period, 11 patients received only 1 
EBD, and 13 required further dilations over time for the 
treatment of  relapsing strictures (7 patients underwent 2 
dilations, 5 patients 3 dilations, and 1 patient 4 dilations). 
The mean time free of  re-dilation between the first and 
the second EBD was 21.2 ± 5 mo. The cumulative per-
centages of  patients free of  re-dilation over the entire 
follow-up period are shown in Figure 2B. 

Throughout the study population, the short-term clin-
ical success rate was 81.5% (2 patients required surgery; 3 
patients did not have symptom-free 6 mo) after the first 
EBD. After the second EBD, the clinical success rate was 
92.3% (12/13 patients); after the third EBD, the clinical 
success rate was 83.3% (5/6 patients). Only one patient 
underwent a fourth EBD showing a clinical success. The 
subgroup analysis dividing the study population into two 
groups based on the nature of  the strictures, i.e. naive vs 
post-operative, showed no statistical difference between 
groups in term of  clinical success after repeated EBD. 
Indeed, after the first dilation, short-term clinical success 
was obtained in 93.3% of  the post-operative strictures 
and 66.7% of  the naive strictures [not significant (NS)]; 
after the second EBD, success was obtained in 100% 
of  the post-operative strictures and in 80% of  the naive 
ones (NS); after the third EBD, success was observed in 
100% of  the post-operative strictures and 66.7% of  the 
naive strictures (NS). The cumulative percentages of  pa-
tients free of  re-dilation over the entire follow-up period 
for both naive and post-operative strictures are shown in 
Figure 2C.

Of  the variables evaluated, the presence of  stricture-
associated fistula and the stricture location at the ileocecal 
level resulted significant predictive factors on the long-
term negative clinical outcome, i.e., the need of  surgery 
(both P = 0.002). In fact, the 2 strictures that required 
surgery after the first EBD due to the failure of  the 

CBA

Figure 1  Images of Crohn’s disease-related stricture in one patient. A: Direct visualization of the ileal stricture; B: Inflation of the endoscopic balloon under fluoro-
scopic control; C: Direct visualization of the bowel site after the endoscopic balloon dilation. 
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effectively used also in CD related strictures longer than 
4 cm in order to avoid or postpone surgery. The lengths 
of  the strictures did not appear to be a contraindication 
for performing EBD as a first line treatment in contrast 
to previous studies[24,34]. The EBD overall long-term suc-
cess rate in our study is higher than the values of  Hassan 
et al[34] in a recent systematic review, which reported a 
cumulative mean success rate of  67% (ranging from 41% 

to 100%) over an average follow-up time very close to 
one in the present study. In order to avoid surgery, EBD 
was repeated-up up to 4 times during the follow with a 
high short-term clinical success rate after each procedure 
and a technical success rate of  100% with no procedure-
associated complication. This result may be also related 
to the high-volume endoscopy center in which EBD 
were performed. 

Based on these findings and in accordance with other 
studies[22,24,34,35], EBD appeared to be a safe procedure 
with a very low complication rate when an endoscopist 
experienced in the management of  bowel stricture per-
forms it. In our study, we showed that EBD is safe and 
feasible even in a non-selected sample of  CD patients. 
Moreover, the safety of  the procedure may be related 
to the diameters of  the endoscopic balloon used. In our 
study the 18 mm balloon was the largest applied, for not 
more than 90 s inflations and no more than 6 dilations 
per session. If  prudency is respected in the selection of  
balloon dimensions, number of  dilations, and progres-
sive inflations, the intra-operative complications may be 
minimized[22,23,36]. The procedural safety is essential in 
consideration of  the need of  frequent re-dilations over 
time in the same patient in order to obtain and maintain 
symptomatic relief. 

EBD can be considered a valuable and safe alterna-
tive of  surgical resection, but EBD and surgery must not 
be seen as mutually exclusive solutions for CD strictures. 
Rather EBD may be a complementary procedure that 
should be considered in both adult and pediatric patients 
in order to reach a symptom-free condition with a low 
risk associated. 

As previously reported, we found that the stricture 
location at the ileocecal level appeared to be a significant 
negative predictor on the long-term clinical outcome, 
i.e., the need of  surgery[24]. In our study, also the pres-
ence of  fistula was associated with the occurrence of  
surgery. Notwithstanding, three patients with fistulizing 
phenotype (2 located at the colo-rectal anastomosis and 1 
in the sigma), showed good clinical short and long-term 
outcomes after EBD, suggesting that the analysis results 
may represent a type Ⅱ error and that larger groups 
could provide different results. Studies on EBD in CD 
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Figure 2  Kaplan-Meier curves for intervals free of surgery or endoscopic 
dilation. A: Kaplan-Meier curve for interval free of surgery after endoscopic 
balloon dilation or re-dilation; B: Kaplan-Meier curve for interval free of re-
dilation during the follow-up period; C: Kaplan-Meier curve for the interval free 
of re-dilation over the follow-up period for patients with naive (in gray) and post-
operative (in  black) strictures.

Table 3  Analyses of the influence of the clinical variables on 
the occurrence of surgery

Variables No surgery (n) Surgery (n) P  value

Male sex 10 1 NS
Adult patients 21 2 NS
Naive strictures 10 2 NS
Moderate disease activity 12 2 NS
Strictures length > 4 cm 11 1 NS
Strictures diameters ≤ 5 mm 24 2 NS
Strictures with fistula   3 2 0.002
Strictures at the ileocecal level   3 2 0.002
Pharmacological therapy 
(azathioprine)

18 2 NS

NS: Not significant. 
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patients presenting strictures associated with fistula are 
scarce in the literature, since the majority of  the previ-
ously published case series considered the presence of  
fistula as a patient’s exclusion criterion[21,27,35,37]. Although 
the paucity of  data, in a similar clinical scenario the EBD 
should not be excluded a priori. Furthermore, it could be 
used, together with the medical therapy, as an option to 
bridge the patient to surgery in better performance con-
ditions (e.g., nutrition, inflammatory status), shifting from 
an emergency to an elective surgery. It is noteworthy that 
in patients with an adequate nutrition status in which the 
intestinal obstructive condition has been endoscopically 
managed (even if  suboptimally), the response to surgery 
and the post-surgical complication rate (e.g., anastomotic 
leakage) are generally improved[38,39]. The other exam-
ined variables seem to not affect the clinical outcomes. 
However, we were not able to detect which variables are 
associated with clinical success after only one EBD, and 
which can predict the need of  further dilations. These 
aspects should be studied in a larger sample of  patients. 

In our cohort, both naive and post-surgical strictures 
responded to the EBD treatment, without significant 
difference on the clinical outcomes as seen by other 
authors[24,25]. Thus, EBD can be considered a valuable 
strategy in the management of  both naive and post-
surgical CD related strictures. In parallel, EBD resulted 
equally effective in adult and pediatric CD patients. It 
must be emphasized that the endoscopic management of  
CD strictures is cardinal in pediatrics because of  the long 
life expectancy of  these patients, who would more prob-
ably develop a short bowel syndrome if  repeated surgi-
cal resections are performed. Moreover, many clinical 
concerns are related to the malnutrition and subsequent 
failure to thrive that will follow the obstructive condition 
in children if  this is not immediately managed[40].

Interestingly, all our patients were still medically both 
before and after the endoscopic treatment, mainly with 
azathioprine and/or biological therapy. Factors determin-
ing the development of  strictures are not fully under-
stood, but chronic and trans-mural inflammation prob-
ably plays a major role[41-43]. Although the lack of  data 
in the literature, azathioprine has been shown to reverse 
the inflammatory changes at the anastomotic site and to 
maintaining remission in CD patients[44,45]. Conversely, be-
cause of  reports of  complete obstruction after infliximab 
in patients with or without initial stricture, its use has 
been contra-indicated in stenotic forms of  CD[46]. Theo-
retically, the rapid tissue healing induced by infliximab 
administration may result in marked architectural changes 
in the intestinal wall, which may lead to wall stricturing. 
However, strictures do not occur without inflammation, 
and chronic inflammation per se may lead to strictures. In 
fact, a long-term inflammatory process sustained by in-
creased cytokine production leads to an excess of  fibrotic 
response. On the other hand, substantial thickening of  
the mesenchymal layers is observed during mucosal re-
pair. The control of  chronic inflammation to prevent 
fibrosis and stenosis seems more important than the risk 
of  fibrosis induced by treatment, thus justifying inflix-

imab infusions[41]. However, the role of  biological therapy 
in case of  CD strictures remains controversial[47,48]. In our 
cohort, we were not able to define the role and support 
of  the two medical therapies on the clinical outcomes 
evaluated. With this objective, multicenter, randomized, 
controlled, blind clinical trials should be performed. The 
use of  EBD is supported not only by the clinical risk/
benefit ratio, but also by the costs associated to this pro-
cedure. In Italy, the entire EBD procedure (pre-endoscopy 
exams; hospitalization; medications; balloon dilation kit) 
is comprised between 1000 and 1200 Euros (reimbursed 
by the National Health System). 

In conclusion, the EBD is not just an attractive treat-
ment option in the management of  CD-related strictures. 
The available literature provides quite enough evidence to 
support its use. However, clinical guidelines, especially on 
the combined medical and endoscopical therapy, are still 
lacking. Time has come to investigate EBD clinical ben-
efits and success in large clinical studies in order to define 
and standardize the protocol of  use. 
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treated using gastroscope, colonscope or ileoscope according to the stricture 
site. Their results confirmed that over a mean follow-up period of 40.7 mo mul-
tiple endoscopic balloon dilations were safe and effective to manage CD-related 
strictures. 
Applications
The present study supports EBD as a valuable option in the treatment of symp-
tomatic CD patients. Moreover, EBD demonstrated as a safe technique, which 
can be repeated over time in order to avoid surgery, since it can be performed 
successfully also in relapsing patients who were previously endoscopically di-
lated. The associated complications are very rare (none in this study). 
Terminology
EBD is an operative endoscopy procedure used to dilate intestinal strictures in 
unconscious patients. The dilation is carried out with a hydrostatic through the 
scope balloon system, which, once inserted and positioned through the stric-
ture, is gradually inflated with water, held for 90 s and then deflated to obtain 
stricture dilation. 
Peer review
de’Angelis et al report an interesting series of EBD of strictures in CD. The 
inclusion of both naive and postoperative strictures with or without associated 
fistula reflects the usual clinical scenario in CD strictures. Although the number 
of the cases included in the study is not so large, the conclusions are well 
presented and discussed. I agree with the authors that until clinical guidelines 
are available EBD would be a treatment option before surgery in this kind of 
patients.
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