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Abstract
AIM:

To investigate the short and long-term outcomes of endoscopic balloon dilatation (EBD) for Crohn’s disease (CD) strictures.

MATERIALS AND METHODS:

Between January 1995 and December 2011, 47 EBD procedures were performed in 30 patients (8 females and 22 males) with CD. All patients had strictures through which an endoscope could not pass, and symptoms of these strictures included abdominal pain, abdominal fullness, nausea, and/or vomiting. The 47 strictures included 17 anastomotic and 30 de novo strictures. Endoscopy and dilatation were performed under conscious sedation with intravenous diazepam or flunitrazepam. The dilatations were all performed using through-the-scope balloons with diameters from 8 to 20 mm on inflation and lengths of 30 to 80 mm. Each dilatation session consisted of two to four, 3-minute multistep inflations of the balloon, repeated at intervals of 1 week until adequate dilatation (up to 15-20 mm in diameter) was achieved.
The follow-up data were collected from medical records and analyzed retrospectively. Primary success was defined as passage of the scope through the stricture after EBD. Long-term outcomes were analyzed focusing on intervention-free survival and surgery-free survival demonstrated by the Kaplan-Meier method. (`Intervention-free’ meant cases in which neither endoscopic balloon re-dilatation nor surgery was needed after the first dilatation during the observation period). The log rank test was used to evaluate the difference in long-term outcomes between anastomotic and de novo stricture cases. 

RESULTS:

Primary success was achieved in 44 of the 47 strictures (93.6%). Balloon dilatations failed in 3 cases (6.4%). In 1 case, EBD was a technical failure because the guide-wire could not be passed through the stricture which showed severe adhesion and was a flexural lesion of the intestine. In 2 cases, unexpected perforations occurred immediately after balloon dilatation.

Of the 47 treatments, complications occurred in 5 (10.6%). All 5 patients had de novo strictures. One suffered bleeding, two high fever and there were colorectal perforations. One of the patients with a colorectal perforation was treated surgically, the other was managed conservatively. These 2 cases correspond to the two aforementioned EBD failures. 

Long-term outcomes were evaluated for the 44 successfully-treated strictures after a median follow-up of 26 months (range, 2-172 months). During the observation period, re-strictures after EBDs occurred in 26 cases (60.5%). Fourteen of these 26 re-stricture cases underwent EBD again, but in two EBD failed and surgery was ultimately performed in both cases. Twelve of the 26 re-stricture cases were initially treated surgically when the re-strictures occurred. Finally, 30 of the 47 strictures (63.8%) were successfully managed with EBD, allowing surgery to be avoided. 

Intervention-free survival evaluated by the Kaplan-Meier method was 75% at 12 months, 58% at 24 months, and 43% at 36 months. There was no significant difference between the anastomotic strictures (n = 16) and de novo strictures (n = 28) in the intervention-free survival as evaluated by the log-rank test.

Surgery-free survival evaluated by the Kaplan-Meier method was 90% at 12 months, 75% at 24 months, and 53% at 36 months. The 16 anastomotic strictures were associated with significantly better surgery-free survivals than the 28 de novo strictures (log-rank test: P < 0.05).
CONCLUSION:

Anastomotic strictures were associated with better long-term outcomes than de novo strictures, indicating that stricture type might be useful for predicting the long-term outcomes of EBD. 
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Introduction

Crohn’s disease (CD) is characterized by chronic or recurrent acute inflammation of the intestinal tract resulting in acute inflammatory changes of the intestinal wall, strictures and/or fistulas. Up to one-third of patients develop a stricture within 10 years after the diagnosis[1-3]. These strictures are mainly treated surgically. It is well known that up to 80％ of CD patients will eventually require at least one surgical resection within 10 years of being diagnosed[4, 5]. Although surgical resection can relieve the symptoms caused by these strictures, the strictures often recur after resection, sometimes necessitating another surgery and producing short bowel syndrome[6, 7]. Therefore, surgical resection must be avoided whenever possible. 
In recent years, endoscopic balloon dilatation (EBD) has offered a therapeutic alternative to surgery[8-12]. A recent systematic review estimated immediate success rates to be approximately 86%, and that long-term clinical efficacy was achieved in 58% of patients[9]. EBD has been regarded as a safe and effective procedure in the management of CD strictures. Many previous reports have shown short-term success rates of EBD to generally be high (80%-100%), while the long-term outcomes vary among studies. The factors which affect long-term outcomes of EBD have not been sufficiently clarified. A recent report by Mueller et al showed that long-segment de novo strictures in the terminal ileum had poor long-term responses to EBD, raising the possibility that long-term outcomes of EBD could be affected by the characteristics of strictures. To assess this possibility, we hypothesized that long-term outcomes of EBD might differ between two types of strictures, anastomotic and de novo. 
The aim of the present study was to evaluate the short- and long-term outcomes of EBD in our hospital and to compare the long-term outcomes of EBD for these two types of strictures affecting CD patients, anastomotic and de novo strictures.

Materials and methods

Patients 

Between January 1995 and December 2011, 47 EBD procedures were performed in 30 patients (8 females and 22 males) with CD. The ages at dilatation ranged from 18 to 72 years (mean age, 32.5 ± 10.5 [standard deviation]). The average duration of CD was 12.8 (range, 1-35) years. Characteristics of these patients are summarized in Table 1.
All patients had strictures through which an endoscope could not pass, and symptoms of these strictures included abdominal pain, abdominal fullness, nausea, and/or vomiting. 
The 47 strictures included 17 anastomotic and 30 de novo strictures (Table 2). The locations of the anastomotic strictures were 1 at the gastro-jejunal, 5 at the ileo-ileal, 9 at the ileocolonic, and 2 at the ileorectal anastomosis. The locations of de novo strictures were 8 at the pyloric ring of the stomach, 1 in the duodenum, 8 in the ileum or at the ileocoecal valve, 7 in the colon, and 6 in the rectum.

Inclusion and exclusion criteria for EBD 
EBD were performed on demand only when the patients presented with obstructive symptoms. Prior to endoscopy, all the patients received radiological assessment to confirm the clinically suspected stricture, to exclude intestinal fistulas and angulated strictures and to measure the length of the strictures. Detailed inclusion criteria for EBD were: 1) clinical symptoms of obstruction (abdominal pain, abdominal fullness, nausea, vomiting), 2) evidence of gut stenosis, detected by radiological examination, through which a standard colonoscope or gastrointestinal scope or enteroscope could not be passed, 3) no or low inflammatory disease activity. 
Exclusion criteria were strictures longer than 3 cm and those complicated by intestinal fistula, active ulceration, or abscess. 
Dilatation protocol  

Informed consent was obtained from all patients before the dilatation procedure. Endoscopy and dilatation were performed under conscious sedation with intravenous diazepam or flunitrazepam. Dilatation were performed using a standard gastrointestinal scope for 10 upper gastrointestinal strictures, a standard colonoscope for 36 lower gastrointestinal strictures, and an entroscope (double-balloon enteroscopy) for 1 ileo-ileal anstomotic stricture. The dilatations were all performed using through-the-scope balloons (Rigiiflex TTSTM, or Controlled Radial Expansion [CRE] Wireguided Balloon Dilatation CatheterTM, Boston Scientific, Boston, MA, USA), with diameters from 8 to 20 mm on inflation and lengths of 30 to 80 mm. The balloon was introduced into the stricture using a guide-wire under radiological control. Each dilatation session consisted of two to four, 3-minute multistep inflations of the balloon, repeated at intervals of 1 week until adequate dilatation (up to 15-20 mm in diameter) was achieved. Passage of the scope through the stricture was attempted in all patients and was used to define primary therapeutic success. 

 After the successful dilatation, patients were followed in our hospital as out-patients. Repeat dilatations were performed on demand when the patients had obstructive symptoms due to re-strictures confirmed by both radiological assessment and endoscopy.

Endpoints and statistical analysis

 The follow-up data were collected from medical records and analyzed retrospectively. 

Primary success was defined as passage of the scope through the stricture after EBD. Long-term outcomes were analyzed focusing on intervention-free survival and surgery-free survival demonstrated by the Kaplan-Meier method. (`Intervention-free’ meant cases in which neither endoscopic balloon re-dilatation nor surgery was needed after the first dilatation during the observation period). The log rank test was used to evaluate the difference in long-term outcomes between anastomotic and de novo stricture cases. A two-sided P value of < 0.05 was considered significant.
Results
Rates of primary success 
Primary success was achieved in 44 of the 47 strictures (93.6%). 
Balloon dilatations failed in 3 cases (6.4%). In 1 case, EBD was a technical failure because the guide-wire could not be passed through the stricture which showed severe adhesion and was a flexural lesion of the intestine. In 2 cases, unexpected perforations occurred immediately after balloon dilatation.
Complications 

Of the 47 treatments, complications occurred in 5 (10.6%). All 5 patients had de novo strictures. One suffered bleeding, two high fever and there were colorectal perforations. One of the patients with a colorectal perforation was treated surgically, the other was managed conservatively. These 2 cases correspond to the two aforementioned EBD failures. 

Long-term outcomes 
An overview of the treatment outcomes for the 47 strictures is shown in Figure 1. Long-term outcomes were evaluated for the 44 successfully-treated strictures after a median follow-up of 26 months (range, 2-172 months). During the observation period, re-strictures after EBDs occurred in 26 cases (60.5%). Fourteen of these 26 re-stricture cases underwent EBD again, but in two EBD failed and surgery was ultimately performed in both cases. Twelve of the 26 re-stricture cases were initially treated surgically when the re-strictures occurred. Finally, 30 of the 47 strictures (63.8%) were successfully managed with EBD, allowing surgery to be avoided. 
Intervention-free survival evaluated by the Kaplan-Meier method was 75% at 12 months, 58% at 24 months, and 43% at 36 months (Figure 2). There was no significant difference between the anastomotic strictures (n = 16) and de novo strictures (n = 28) in the intervention-free survival as evaluated by the log-rank test (data not shown).
Surgery-free survival evaluated by the Kaplan-Meier method was 90% at 12 months, 75% at 24 months, and 53% at 36 months (Figure 2). The 16 anastomotic strictures were associated with significantly better surgery-free survivals than the 28 de novo strictures (log-rank test: P < 0.05) (Figure 3).
Discussion
EBD has become an alternative to surgery in the treatment of CD strictures in recent years. Many reports have shown good short-term success rates of EBD, while the long-term outcomes have varied among studies. Whether or not the stricture type, such as anastomotic or de novo, impacts long-term outcomes of EBD remains an open question. In this study, we evaluated short- and long-term outcomes of EBD for strictures associated with CD, in our hospital, and analyzed differences in long-term outcomes between anastomotic and de novo strictures.
As for short-term outcomes, primary success was achieved in 44 of the 47 strictures treated. EBD failed in only 3 cases. In 1 case, EBD was technically impossible and in 2 others unexpected perforations occurred immediately after EBD. Therefore, the primary success rate was 93.6% (44/47) in our study. The primary success rate was 86% in a systematic review[9] and 97% in a recent single-center cohort study[13]. Our primary success rate was thus similar to those reported previously. An important issue is the type of stricture, i.e., anastomotic versus de novo. In the aforementioned systematic review,[9] 68% of the strictures treated by EBD were located at anastomotic sites, as were 84% of those in the recent single-center cohort study[13]. On the other hand, there were several more de novo (n = 28, 63.6%) than anastomotic strictures (n = 16, 36.4%) in our study. Despite the rather large percentage of de novo strictures, the primary success rate was very high. Mueller et al also reported a primary success rate of 95% despite the majority of their patients presenting with de novo strictures (69%)[12]. These findings suggest that short-term outcomes might be not affected by the type of stricture.
In this study, we successfully performed EBD using double-balloon enteroscopy for one patient who had an ileo-ileal anastomtic stricture. In recent years, a few reports described the usefulness and efficacy of EBD for small intestinal strictures in CD patients using double-balloon enteroscopy[11, 14]. This procedure may be potentially of significant benefit and should be considered as a useful and effective alternative to surgery. Further investigation should be necessary to confirm the benefit of this procedure.

.In this study, 5 patients each experienced one complication (10.6%). All 5 patients had de novo strictures. The de novo strictures thus appeared to be associated with an increased risk of complications as compared with anastomotic strictures. One patient experienced bleeding (2.1%), 2 had high fever (4.3%), and 2 had colorectal perforations (4.3%). The perforation rate in this study was thus very similar to those in the literature[9, 11, 12, 15-21] which have been in the 0%-10% range. We believe that it is important to perform multistep inflation with a gradually increasing diameter under minimal conscious sedation. This technique may have contributed to the low perforation rate in our study. A more aggressive endoscopic technique, general anesthesia, and using excessively large dilatation balloons are considered to be risk factors for perforation[8, 22, 23]. 
 As for long-term outcomes, re-strictures after the first EBD occurred in 26 cases (60.5%) out of 44 successfully-treated strictures. Re-strictures did not seem to depend on the diameter of the first dilatation because dilatations were evenly achieved up to 15-20 mm in diameter in most of the successfully-treated strictures. Fourteen of these 26 cases were successfully treated with a second EBD during follow-up for re-strictures and surgery was avoided. Ultimately, 14 cases (31.8%) required surgery to treat re-strictures. These results compare favorably with those of the aforementioned systematic review which described 144 of 347 patients (42%) as ultimately needing surgery to treat re-strictures after EBD. In this study, we also estimated intervention-free and surgery-free survivals. Intervention-free survival was 75% at 12 months, 58% at 24 months, and 43% at 36 months. Surgery-free survival was 90% at 12 months, 75% at 24 months, and 53% at 36 months. These results are also similar to those of previous reports[12, 13, 22]. 

Little is known about prognostic factors that affect long-term outcomes after EBD. Smoking has been regarded as a prognostic factor increasing the risk of recurrence[20, 24]. Hoffman et al indicated the presence of ulcers in strictures to be associated with poorer long-term outcomes[24], whereas Van Assche et al reported that there was no association between endoscopic activity, mainly determined by the sizes and number of ulcerations[13]. Van Assche et al also reported that increased levels of C-reactive protein did not influence long-term outcomes[13]. As for the characteristics of strictures, Muller et al recently described the length and the location of strictures as affecting long-term outcomes[12]. In their report, the patients who required surgery after EBD had longer strictures than those who did not, and all of the surgical patients had de novo strictures in the terminal ileum. In the present comparison of anastomotic and de novo strictures, we found the anastomotic type to be associated with significantly better surgery-free survival rates. Both our results and those of Muller et al suggest stricture type (anastomotic or de novo) to be useful for predicting long-term outcomes of EBD. 
 The effects of concurrent or subsequent therapy aimed at increasing the efficacy of EBD remain unclear. Local steroid injection into the strictures after EBD is controversial. Some studies have found this technique to improve outcomes of EBD[17, 19, 21-23, 25, 26], and a recent randomized double blind controlled trial showed this technique to effectively reduce both re-dilatation and surgery in pediatric CD patients with strictures[27]. However, opposite results were also obtained in a placebo controlled trial, although the number of patients was limited[28]. Further study is needed to clarify the utility of this technique. Little is known about the efficacy of subsequent administration of medications such as azathioprine or infliximab, and this topic also requires further study. 
In summary, we examined short- and long-term effects of EDB for CD strictures. Although the complication rate was relatively low, de novo strictures may carry an increased risk of perforation. Our results also showed anastomotic strictures to be associated with better long-term outcomes than de novo strictures, indicating that stricture type (anastomotic versus de novo) might be useful for predicting the long-term outcomes of EBD. 

COMMENTS:

Background and Research Frontiers:

In recent years, the efficacy of endoscopic balloon dilatation (EBD) for Crohn's disease (CD) strictures has been confirmed. Although EBD has been regarded as a safe and effective procedure in the management of CD strictures, the factors which affect long-term outcomes of EBD have not been sufficiently clarified. 
We hypothesized that outcomes of EBD might differ between two types of strictures, anastomotic and de novo. In this study, we evaluated the short- and long-term outcomes of EBD in our hospital and compared the outcomes of EBD for these two types of strictures affecting CD patients, anastomotic and de novo strictures.

Innovations and breakthroughs:

Our results showed that patients with anastomotic strictures had better long-term outcomes than those with de novo strictures. This is the first report to clarify that types of the strictures affect the long-term outcomes of EBD in CD patients.
Applications:

When considering treatment for Crohn’s disease strictures, this study may indicate that the type of the stricture (anastomotic versus de novo) might be useful for predicting long-term outcomes of EBD.
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Figure legends
Figure 1 Overview of treatment outcomes for 47 strictures.

Long-term outcomes were evaluated for the 44 successfully-treated strictures after a median follow-up of 26 months (range, 2-172 months). During the observation period, re-strictures after EBDs occurred in 26 cases (60.5%). Fourteen of these 26 re-stricture cases underwent EBD again, but in two EBD failed and surgery was ultimately performed in both cases. Twelve of the 26 re-stricture cases were initially treated surgically when the re-strictures occurred. Finally, 30 of the 47 strictures (63.8%) were successfully managed with EBD, allowing surgery to be avoided. 

Figure 2 Long-term outcomes of EBD by the Kaplan-Meier method.

Intervention-free survival evaluated by the Kaplan-Meier method was 75% at 12 months, 58% at 24 months, and 43% at 36 months. Surgery-free survival evaluated by the Kaplan-Meier method was 90% at 12 months, 75% at 24 months, and 53% at 36 months. 
Figure 3 Surgery-free survivals – anastomotic versus de novo strictures. 

The 16 anastomotic strictures were associated with significantly better surgery-free survivals than the 28 de novo strictures (log-rank test: P < 0.05).
Tables:
Table 1   Patients characteristics
	
	　

	　
	　

	Number of patients
	n=30

	Number of dilatations
	47

	Gender: male/female
	n=22 / n=8

	Age at EBD (mean±SD)
	32.5 ± 10.5

	Disease duration  (mean±SD)
	12.8 ± 8.0 years

	Median follow-up
	26 months (range, 2-172 months)

	Medical therapy at first dilatation (%)
	None: 0

	
	5-aminosalicylic acid: 86.7

	
	Steroids: 13.3

	
	Azathioprine/6-mercaptoprine: 20.0

	
	Infliximab: 13.3

	
	Elemental diet: 33.3

	　
	Total parental nutrition: 16.7

	
	


Table 2   Locations of strictures

	
	

	Total
	n=47

	Anastomotic strictures
	n=17

	gastro-jejuno anastomoisis
	1

	ileo-ileal anastomoisis
	5

	ileocolonic anatomosis
	9

	ileorectal anastomosis
	2

	
	

	de novo stricrures
	n=30

	stomach (pyloric ring)
	8

	duodenum
	1

	ileum or ileocecal valve
	8

	colon
	7

	rectum
	6
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Figure 3

[image: image3.jpg]% Surgery-free survivals
(1)

100

90 e e 3 P<0.05

80

70 e ]

60

I_-.__.A.-'

40

ol —— anastomotic strictures

20 -
----- de novostrictures

10

0 5 10 15 20 25 30 35 40

Time (months)





27

