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Abstract
AIM: To compare the utility of single-balloon colonoscopy (SBC) or double-balloon colonoscopy (DBC) for difficult colonoscopies.
METHODS: Between August 2008 and June 2010, patients in whom total colonoscopy failed within 30 min of insertion were assigned randomly to undergo either SBC or DBC. No sedatives were used. After the endoscopy, all patients were asked to evaluate pain during the procedure on a 10-point analog scale (1 = no pain; 10 = worst imaginable pain) with a questionnaire. The study outcomes were the cecal intubation rate and time, endoscopic findings, complications, and pain score.
RESULTS: The SBC and DBC groups included 11 and 10 patients, respectively. All but one SBC patient achieved total colonoscopy successfully. The cecal intubation times were 18 min (range: 10–85 min) and 12.8 min (range: 9.5–42 min) min in the SBC and DBC groups, respectively (P = 0.17). No difference was observed in the prevalence of colon polyps between the SBC and DBC groups (45% vs 30%, P = 0.66). SBC showed advanced colon cancer in the ascending colon, which was inaccessible using conventional colonoscopy. The respective pain scores were 5.2 ± 3.1 (mean ± SD) and 4.2 ± 1.7 in the SBC and DBC groups (P = 0.64). No complications were noted in any patient.
CONCLUSION: The utility of single- and double-balloon endoscopy for colonoscopy seems comparable in patients with incomplete colonoscopy using a conventional colonoscope.
© 2013 Baishideng. All rights reserved.  
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Core tip: We compared the utility of single-balloon colonoscopy (SBC) and double-balloon colonoscopy (DBC) for difficult colonoscopy. Both SBE and DBE make possible performance of total colonoscopy in patients with incomplete colonoscopy using a conventional colonoscope. The utility of SBE and DBE for colonoscopy seems to be comparable. We recommend that patients with incomplete total colonoscopy undergo SBE or DBE.
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INTRODUCTION
Optical colonoscopy is the gold standard for colorectal examination. Despite advances in colonoscopes and endoscopy techniques, total colonoscopy is still demanding technically. Total colonoscopy is unsuccessful in 5%–10% of patients for a number of reasons[1]. Difficult cecal intubation is associated with female gender, old age, a low body mass index, diverticular disease, and previous abdominal surgery


[2-5] ADDIN EN.CITE . Solutions to this problem are the use of pediatric colonoscopes[6] or a transparent hood[7]. 
Balloon endoscopy is an effective method for investigating the small intestine


[8,9] ADDIN EN.CITE . Two different types of balloon endoscopy are available: single-balloon endoscopy (SBE) and double-balloon endoscopy (DBE). Both can be performed using either the antegrade or retrograde approach. A retrograde approach might facilitate successful total colonoscopy and allow endoscopic therapy in patients who had incomplete colonoscopy with a conventional colonoscope. Although several studies have assessed the utility of single-balloon colonoscopy (SBC)
 ADDIN EN.CITE 
[10-12]
 or double-balloon colonoscopy (DBC)
 ADDIN EN.CITE 
[13-15]
 for colorectal examination, a difference between SBC and DBC has not yet been identified.
Therefore, we compared the utility of SBC and DBC for difficult colonoscopy in an exploratory randomized controlled trial.
MATERIALS AND METHODS

Study protocol
Consecutive patients after a prior incomplete colonoscopy with a conventional colonoscope were candidates for this study. Incomplete colonoscopy was defined as failure to identify two landmarks, the ileocecal valve and appendiceal orifice, within 30 min or cancellation of colonoscopy due to intolerable pain during the procedure. The exclusion criteria were the following: incomplete colonoscopy due to poor bowel preparation or colonic stenosis, prior colectomy, inflammatory bowel disease, malignant tumor, poor general condition, pregnancy, having undergone successful total colonoscopy within 1 year, age younger than 20 years, and refusal to provide written informed consent.
To eliminate patient selection bias, the enrolled patients were assigned randomly to either the SBC or DBC group in a 1:1 ratio. Randomization was performed using a computer-generated list of random numbers. The endoscopists and patients were not blinded to the group assignment.

The study was conducted according to the Declaration of Helsinki and approved by the ethics committee of our institution. The Japanese clinical trial registration scheme (UMIN-CTR) registration number for the study was UMIN000001684. Written informed consent was obtained from each study participant.
Endoscopic procedure

Each balloon endoscopic examination was conducted by an endoscopist who had performed at least 30 balloon endoscopies. SBC was performed using an SIF-Q260 (Olympus Medical Systems, Tokyo, Japan), and DBC was performed using an EN-450T5 (FUJIFILM Medical, Tokyo, Japan). The study patients were administered 2 L of polyethylene glycol (PEG) solution before the procedure. Scopolamine butylbromide (20 mg) or glucagon (1 IU) was administered. No sedatives were used. Air insufflation was used during the both procedures. Fluoroscopy was used when stretching the scope or when the scope was stacked. We withdrew the endoscope when either the insertion time exceeded 90 min or the patient requested that the procedure be stopped. Cecal intubation was defined as successful when the ileocecal valve and appendiceal orifice were identified. Ancillary procedures such as polypectomy and biopsy were performed while withdrawing the scope after cecal intubation. While the patients were in the recovery room after the examination, they were asked to evaluate the pain during the examination on a 10-point analog scale (1 = no pain, 10 = worst imaginable pain) in a questionnaire.
Study outcomes
The primary outcome was the successful cecal intubation rate. Secondary outcome measures were the cecal intubation time, endoscopic findings, complications, and pain score during the examination.
Statistical analysis

Categorical data including the total enteroscopy rate and diagnosis rate were compared using Fisher’s exact test. Continuous variables were compared using Student’s t-test. The cecal insertion time and X-ray fluoroscopy time were compared with the Mann–Whitney U-test. Differences with P < 0.05 were considered to indicate statistical significance. All statistical analyses were performed using JMP, ver. 9.0 (SAS Institute, Cary, NC, United States).
RESULTS

Baseline characteristics

During the study period from August 2008 to June 2010, 21 patients were enrolled and assigned randomly to undergo either SBC (n = 11) or DBC (n = 10). Table 1 shows the baseline characteristics of the study patients. There was no significant difference between the SBC and DBC groups.
Cecal intubation rate and endoscopic procedural results

Table 2 shows the cecal intubation rate and endoscopy results. Using balloon endoscopy, cecal intubation was achieved in all cases but one patient who previously had abdominal surgery for cholecystitis and fluoroscopy showed adhesion between the sigmoid and transverse colons (Figure 1). The cecal intubation rate was 91% in the SBC group and 100% in the DBC group (P = 0.99). The median cecal intubation time of the successful cases did not differ between the SBC and DBC groups [18.0 min (range: 10–85 min) vs 12.8 min (range: 9.5–42 min), respectively, P = 0.17], neither did the X-ray fluoroscopy time [3 min (range: 1–7 min) vs 1 min (range: 1–5 min), P = 0.12). There was no difference in the pain score during the endoscopic procedure between the SBC and DBC groups [median (range), 5 (range: 1-10) vs 5 (range: 1-6), P = 0.64].
Diagnostic yield
The diagnostic yield in each group is shown in Table 3. Colorectal polyps were detected in 8 of the 21 (38%) patients. All polyps were histologically confirmed as adenoma. The detection rate was 45% and 30% with SBC and DBC, respectively; the difference was not significant (P = 0.66). Moreover, SBC showed advanced colon cancer in the ascending colon, which was inaccessible by conventional colonoscopy (Figure 2).
Complications
No complications were noted in this study.
DISCUSSION
In our series, both SBE and DBE had high total colonoscopy rates in patients with incomplete colonoscopy using a conventional colonoscope. The utility of SBE and DBE for colonoscopy seems comparable.
Both SBE and DBE were initially designed for small bowel endoscopy and have proved their value for small bowel examination[9]. The endoscope and overtube are advanced sequentially with serial fixing and shortening of the small intestine using the balloons, in order to minimize looping and advance the scope. This balloon technique has already been used successfully for patients in whom colonoscopy is difficult. The reported total colonoscopy rate is 95%–100% for SBE


[10-12] ADDIN EN.CITE , and 88%–100% for DBE


[13-16] ADDIN EN.CITE . Our total colonoscopy rates were comparable for SBE and DBE (91% vs 100%, P = 0.99). Previously, we reported that the total enteroscopy rate for the small intestine was higher with DBE than with SBE (57% vs 0%, P = 0.002)


[17] ADDIN EN.CITE . DBE grips the small intestine at the tip of the endoscope more easily than SBE, which makes possible deep insertion of the endoscope without redundant loops. When used for colonoscopy, the potential disadvantage of SBE seen in small intestinal endoscopy is negligible.
In our series, the cecal intubation time was comparable between SBC and DBC. Teshima et al[12] reported that SBE was faster than DBE because only one balloon cycle is used, as opposed to two. Compared with small intestinal endoscopy, colonoscopy is faster and requires fewer balloon cycles. Consequently, the simpler manipulation with SBE does not shorten the cecal intubation time.
The importance of total colonoscopy is well recognized, especially for older patients because of the increase in right-sided colon cancer with age


[18,19] ADDIN EN.CITE . Indeed, SBE detected advanced colon cancer in the ascending colon, which was inaccessible to conventional colonoscopy. In addition, we performed all procedures without any sedatives or complications. The study indicated that SBE and DBE can be performed safely in patients with incomplete total colonoscopy using a conventional colonoscope. Therefore, we recommend that patients with incomplete total colonoscopy undergo SBE or DBE.
The present study showed that SBC and DBC can be performed safely without sedation even in patients with incomplete total colonoscopy using a conventional colonoscope. In terms of colonoscopy, several papers reported that conventional colonoscopy without sedation is feasible, effective and well tolerated
 ADDIN EN.CITE 
[20,21]
 On the other side, most of previous papers regarding SBC and DBC used sedative drugs
 ADDIN EN.CITE 
[11,12,14-16]
. Although the pain score during for procedure was slightly high, all of the present study patients did not request to stop the procedure.
There were some limitations to this study. The number of participants was relatively small and a larger prospective non-inferiority trial is needed to elucidate any difference in the utility of SBE and DBE. However, the procedures had very high diagnostic yields in both groups, suggesting that both SBC and DBC are effective modalities for colonic examination.
In conclusion, both single- and double-balloon endoscopy make possible performance of total colonoscopy in patients with incomplete colonoscopy using a conventional colonoscope. The utility of SBE and DBE for colonoscopy seems to be comparable.
COMMENTS

Background

Despite advances in colonoscopes and endoscopy techniques, total colonoscopy still fails in some patients. Balloon endoscopy is an effective tool for investigating the small intestine. Two different types of balloon endoscopy are available commercially: single-balloon endoscopy (SBE) and double-balloon endoscopy (DBE). A retrograde approach might facilitate successful total colonoscopy and allow endoscopic therapy in patients who had incomplete colonoscopy with a conventional colonoscope. A difference between single-balloon colonoscopy (SBC) and double-balloon colonoscopy (DBC) has not yet been identified.
Research frontiers

SBE and DBE can be used to complete examination of the colon in patients with incomplete colonoscopy using a conventional colonoscope. It also allows therapeutic interventions.
Innovations and breakthroughs

SBE and DBE have been an important endoscopic breakthrough for successful total colonoscopy and endoscopic therapy in patients who had incomplete colonoscopy with a conventional colonoscope. In this study, the authors compared the utility of SBC and DBC for difficult colonoscopy in an exploratory randomized controlled trial. The study indicated that both SBE and DBE make possible performance of total colonoscopy in patients with incomplete colonoscopy using a conventional colonoscope without any sedation. The utility of SBE and DBE for colonoscopy seems to be comparable. 
Applications

This study suggests that patients with incomplete total colonoscopy undergo SBE or DBE.
Terminology
DBE consists of an endoscope and a soft overtube. A latex balloon is attached to the tip of the endoscope and another to the tip of the overtube. Each balloon can be inflated and deflated by a pressure controlled air pump system. SBE is simpler to perform than DBE because it has only 1 balloon at the tip of the overtube. The equipment and techniques are different between DBE and SBE. However, the principle of insertion is the same; gripping the intestine by using balloon inflation prevents redundant loop formation and thus facilitates deep insertion of the endoscope.
Peer review
The authors compared SBE with DBE in patients with previous incomplete colonoscopy because of several reasons. They achieved excellent total colonoscopy rates (91% vs 100%) even in these difficult cases. These results indicate the utility of SBE and DBE in patients with incomplete conventional colonoscopy.
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Figure 1 Failed cecal intubation with single-balloon colonoscopy. The patient had previously undergone abdominal surgery for cholecystitis. Fluoroscopy shows adhesion between the sigmoid and transverse colons (arrow).
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Figure 2 Advanced colon cancer detected at single-balloon colonoscopy. A: Endoscopic image; B: Selective contrast image. The lesion was located in the ascending colon, which was not accessible by conventional colonoscopy. With single-balloon colonoscopy, the lesion was detected in 11 min.
Table 1 Baseline of characteristics of the study patients n (%) 
	
	SBC group

(n = 11)
	DBC group

(n = 10)
	P value

	Male/female 
	7 / 4
	6 / 4
	0.991

	Age (yr, mean ± SD)
	71.7 ± 8.0
	71.5 ± 7.8
	0.942

	BMI (kg/m2, mean ± SD )
	22.3 ± 4.4
	22.6 ± 3.3
	0.872

	Past history of abdominal surgery 
	4 (36)
	2 (20)
	0.641


1Fisher’s exact test; 2Student’s t-test. All variables are means ± standard deviation. SBC: Single-balloon colonoscopy; DBC: Double-balloon colonoscopy; BMI: Body mass index. 
Table 2 The cecal intubation rate and endoscopy-related outcomes of balloon colonoscopy
	
	SBC group

(n = 11)
	DBC group

(n = 10)
	P value

	Successful cecal intubation, n (%)
	10 (91)
	10 (100)
	0.991

	Cecal intubation time3, min (range)
	18.0 (10-85)
	12.8 (9.5-42)
	0.172

	Total X-ray fluoroscopic time , min
	3 (1-7)
	1 (1-5)
	0.123

	Pain score4   
	5 (1-10)
	5 (1-6)
	0.642


1Fisher’s exact test; 2Mann–Whitney U-test; 3The cecal intubation time was compared for cases with successful cecal intubation; 4After balloon endoscopy, the patients were asked to evaluate the pain during the procedure on a 10-point analog scale (1 = no pain, 10 = worst imaginable pain). SBC: Single-balloon colonoscopy; DBC: Double-balloon colonoscopy.

Table 3 Comparison of the diagnostic yields of single-balloon colonoscopy and double-balloon colonoscopy n (%)
	
	SBC group

(n = 11)
	DBC group

(n = 10)
	P value1

	Advanced cancer
	1 (9)
	0 (0)
	0.99

	Colon polyp
	5 (45)
	3 (30)
	0.66

	Diverticulosis
	3 (27)
	4 (40)
	0.66


1Fisher’s exact test. SBC: Single-balloon colonoscopy; DBC: Double-balloon colonoscopy.
