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Abstract
AIM: To evaluate the clinical usefulness of single-
balloon endoscopy (SBE) in patients in whom a colono-
scope was technically difficult to insert previously. 

METHODS: The study group comprised 15 patients (8 
men and 7 women) who underwent SBE for colonosco-
py (30 sessions). The number of SBE sessions was 1 in 
7 patients, 2 in 5 patients, 3 in 1 patient, 4 in 1 patient, 
and 6 in 1 patient. In all patients, total colonoscopy 
was previously unsuccessful. The reasons for difficulty 
in scope passage were an elongated colon in 6 pa-
tients, severe intestinal adhesions after open surgery in 
4, an elongated colon and severe intestinal adhesions 
in 2, a left inguinal hernia in 2, and multiple diverticulo-
sis of the sigmoid colon in 1. Three endoscopists were 
responsible for SBE. The technique for inserting SBE in 
the colon was basically similar to that in the small in-
testine. The effectiveness of SBE was assessed on the 
basis of the success rate of total colonoscopy and the 
presence or absence of complications. We also evalu-
ated the diagnostic and treatment outcomes of colono-
scopic examinations with SBE. 

RESULTS: Total colonoscopy was successfully accom-
plished in all sessions. The mean insertion time to the 
cecum was 22.9 ± 8.9 min (range 9 to 40). Abnormali-
ties were found during 21 sessions of SBE. The most 
common abnormality was colorectal polyps (20 ses-
sions), followed by radiation colitis (3 sessions) and 
diverticular disease of the colon (3 sessions). Colorectal 
polyps were resected endoscopically in 15 sessions. A 
total of 42 polyps were resected endoscopically, using 
snare polypectomy in 32 lesions, hot biopsy in 7 le-
sions, and endoscopic mucosal resection in 3 lesions. 
Fifty-six colorectal polyps were newly diagnosed on 
colonoscopic examination with SBE. Histopathologi-
cally, these lesions included 2 intramucosal cancers, 42 
tubular adenomas, and 2 tubulovillous adenomas. The 
mean examination time was 48.2 ± 20.0 min (range 25 
to 90). Colonoscopic examination or endoscopic treat-
ment with SBE was not associated with any serious 
complications.

CONCLUSION: SBE is a useful and safe procedure in 
patients in whom a colonoscope is technically difficult 
to insert. 

© 2013 Baishideng. All rights reserved.
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in the diagnosis and treatment of  colorectal diseases. Its 
diagnostic role has been enhanced by the development 
of  improved imaging techniques such as magnifying en-
doscopy and narrow band imaging. Therapeutically, prog-
ress in resection techniques such as endoscopic mucosal 
resection and endoscopic submucosal dissection has con-
tributed to the widespread application of  colonoscopic 
therapy. The availability of  improved devices such as 
variable stiffness and small-caliber colonoscopes allows 
instruments optimally suited for individual patients to be 
selected[1,2]. Despite recent progress, however, the passage 
of  a colonoscope is often difficult in subjects who have 
an elongated colon or severe adhesions. 

Balloon endoscopy was originally developed to fa-
cilitate insertion of  an endoscope deep into the small 
intestine. First, double-balloon endoscopy (DBE) was de-
veloped by Yamamoto et al[3]. Subsequently, single-balloon 
endoscopy (SBE) was developed and applied clinically[4-6]. 
A balloon at the tip of  a sliding tube or an overtube is 
inflated to grip the intestine, and both the scope and the 
sliding tube are simultaneously withdrawn, thus short-
ening the intestine. By repeating these maneuvers, the 
endoscope can be inserted more deeply into the small 
intestine. 

We performed colonoscopy by SBE in patients in 
whom a conventional colonoscope was technically dif-
ficult to insert because of  an elongated colon or severe 
adhesions and retrospectively evaluated the clinical use-
fulness of  this procedure.

MATERIALS AND METHODS
Patients
The study group comprised 15 patients (8 men and 7 
women) who underwent SBE for colonoscopy (30 ses-
sions) in our hospital from July 2007 through June 2012. 
The number of  SBE sessions was 1 in 7 patients, 2 in 5 
patients, 3 in 1 patient, 4 in 1 patient, and 6 in 1 patient. 
The mean age at examination was 65.7 ± 8.7 years (range 
38 to 81). Seven patients concurrently had cardiovascular 
diseases such as arrhythmias and hypertension, 1 had dia-
betes mellitus, and 1 had a history of  cerebral infarction. 
Six patients had a history of  open surgery (total hysterec-
tomy in 5 and cholecystectomy in 2). Two patients who 
had undergone total hysterectomy had received radio-
therapy to treat uterine cancer. 

Total colonoscopy was technically difficult to perform 
in all patients. In 5 patients, total colonoscopy was un-
able to be performed by their previous physicians. In the 
other 10 patients, total colonoscopy was not successfully 
accomplished at the previous examination in our hospital. 
In 9 of  these patients, the first author of  this paper, who 
has more than 20 years of  experience in colonoscopy, 
was charge of  the previous examinations. The deepest 
part of  the colon reached on previous unsuccessful colo-
noscopic examinations was the sigmoid colon in 7 pa-
tients, followed by the transverse colon in 3, the descend-
ing colon in 2, and the ascending colon in 2. The details 

were unknown for 1 patient in whom colonoscopy was 
performed by a previous physician. The mean time from 
starting scope insertion to the unsuccessful discontinua-
tion of  examination was 30.7 ± 6.4 min (range 19 to 38 
min) in 10 patients for whom the details were provided 
by their previous physicians; the details of  examination 
were unavailable for 5 patients. The reasons for difficulty 
in scope passage were an elongated colon in 6 patients 
(40%), severe intestinal adhesions after open surgery in 4 
(27%), an elongated colon and severe intestinal adhesions 
in 2 (13%), a left inguinal hernia in 2 (13%), and multiple 
diverticulosis of  the sigmoid colon in 1 (7%). 

Methods
Among 30 sessions of  SBE, the objective was follow-up 
after endoscopic resection of  colorectal polyps in 21 ses-
sions (70%), endoscopic resection of  colorectal polyps in 
5 sessions, confirmation of  colorectal polyps suspected 
on barium enema examination in 3 sessions, and screen-
ing for colorectal disease in 1 session. Three endoscopists 
were responsible for SBE. The first author was in charge 
of  26 sessions (87%). Twenty-three sessions (77%) were 
performed on an outpatient basis, and 7 sessions (23%) 
were performed after hospitalization. 

As premedication, antispasmodic drugs such as sco-
polamine butylbromide (10 mg) were administered before 
24 sessions (80%). Sedatives and analgesic agents were 
concurrently used in 28 sessions (93%), including 14 ses-
sions in which multiple drugs were used. The used drugs 
were diazepam in 25 sessions, pethidine hydrochloride in 
15, propofol in 2, and midazolam in 1. 

SBE was performed with an enteroscope with an ef-
fective length of  2000 mm, an outer diameter of  9.2 mm, 
and a forceps channel diameter of  2.8 mm, allowing the 
use of  conventional endoscopic devices (Figure 1). The 
SBE system consisted of  a dedicated sliding tube with a 
silicone balloon attached to its tip. Single-balloon colo-
noscopy was performed by the two-operator technique 
under fluoroscopic guidance. The basic insertion pro-
cedure was similar to that of  conventional enteroscopy. 
The balloon attached to the sliding tube was inflated to 
grip the intestine, and both the scope and the sliding tube 
were withdrawn in tandem to shorten the intestine. By 
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Figure 1  External appearance of the tip of a single-balloon endoscope. 



repeating these steps, the endoscope was inserted deeper 
into the intestine[4-6]. To insert the endoscope into the 
large intestine, the abdomen was compressed manually 
or body position was changed as required. During colo-
noscopic examination with SBE, air was insufflated 25 
times, and carbon dioxide was insufflated 5 times at the 
discretion of  the endoscopist in charge. 

The primary variable used to evaluate SBE was the 
success rate of  total colonoscopy, which was defined as 
insertion of  the endoscope into the cecum. Secondary 
variables were the presence or absence of  complications 
related to colonoscopy with SBE. We also evaluated the 
diagnostic and treatment outcomes of  colonoscopic ex-
aminations with SBE. 

This study was approved by the Institutional Ethics 
Committees of  Kitasato University School of  Medicine. 
Before performing colonoscopy with SBE, we provided 
all patients with a detailed explanation of  the objectives 
and methods of  examination, possible complications, and 
the possibility to select other procedures, such as barium 
enema. The decision to undergo colonoscopy with SBE 
was in accordance with the free will of  each patient. Writ-
ten informed consent for examination was obtained from 
all subjects. Continuous data are expressed as means ± 
SD. 

RESULTS
Success rate of total colonoscopy
Total colonoscopy was successfully performed by SBE in 
all sessions. The mean time required to reach the cecum 
was 22.9 ± 8.9 min (range 9 to 40 min). 

Safety
The main complication associated with SBE was mild 
redness of  the colorectal mucosa in some patients, caused 
by insertion of  the sliding tube and pressure applied by 
the balloon. However, there were no serious complica-
tions associated with colonoscopic examination with 
SBE. 

Diagnosis and treatment outcomes
Abnormal findings were found during 21 (70%) sessions 
of  SBE. The most common abnormality was colorectal 
polyps (20 sessions), followed by radiation colitis (3 ses-
sions) and diverticular disease of  the colon (3 sessions). 
Finally, 56 colorectal polyps were newly diagnosed on 
colonoscopy with SBE. Colorectal polyps were resected 
endoscopically in 15 sessions. A total of  42 polyps were 
resected endoscopically, using snare polypectomy in 32 
lesions, hot biopsy in 7 lesions, and endoscopic mucosal 
resection in 3 lesions. The 14 other polyps underwent 
biopsy with histopathological evaluation. The final his-
topathological diagnoses were intramucosal cancer in 2 
lesions, tubular adenoma in 42, tubulovillous adenoma in 
2, hyperplastic polyp in 8, and inflammatory polyp in 2. 
There were no complications associated with endoscopic 
resection or biopsy of  the colorectal polyps. The mean 

examination time was 48.2 ± 20.0 min (range 25 to 90 
min). 

DISCUSSION
Colonoscopy is essential for the diagnosis and treatment 
of  colorectal disease. In particular, the indication range 
of  colonoscopic treatment has been broadened owing 
to improved techniques for the endoscopic resection 
of  colorectal tumors, endoscopic hemostasis, and en-
doscopic balloon dilatation of  intestinal stenosis. As for 
colonoscopic devices, image quality as well as insertability 
has improved considerably. However, total colonoscopy 
is still technically difficult to perform in about 10% to 
15% of  subjects[7-10]. Even though our hospital specializes 
in gastrointestinal endoscopy, we still encounter patients 
in whom total colonoscopy is technically difficult to per-
form. Excluding follow-up examinations after colorectal 
surgery or other procedures, we performed 3140 sessions 
of  colonoscopy during the year of  2011. A conventional 
colonoscope could not be inserted to the cecum in 32 
sessions (1.0%). In many patients with difficulty in scope 
insertion, barium enema examination was performed 
to evaluate sites of  the colon that could not be assessed 
on endoscopy. Factors related to technical difficulty in 
colonoscope insertion have been reported to include 
advanced age, female sex, a low body mass index, an 
elongated colon or adhesions, multiple diverticula, and 
inadequate bowel preparation[7-11]. In our series, the main 
factors that precluded colonoscope passage during SBE 
were an elongated colon and severe adhesions. 

Patients in whom colonoscope insertion is expected 
to be technically difficult, especially those who are sensi-
tive to discomfort and pain associated with colonoscopy, 
should receive adequate doses of  analgesics and seda-
tives before examination. Manual compression of  the 
abdomen by an assistant and the use of  an overtube may 
facilitate scope passage in patients in whom insertion is 
difficult because of  an elongated colon[11]. In such pa-
tients, a variable stiffness colonoscope or a colonoscope 
with a long effective length should be used. Lichtenstein 
et al[12] reported that the use of  a small-caliber, push-type 
enteroscope with an effective length of  greater than 2000 
mm allowed total colonoscopy to be performed in about 
half  of  all patients in whom scope passage was difficult. 
If  colonoscopy is performed in patients with severe ad-
hesions in the colon after open surgery, a small-caliber 
colonoscope should be used. At present, very small-
caliber colonoscopes with an outer diameter of  10 mm 
or less are commercially available. We previously reported 
that the use of  a colonoscope with an outer diameter of  
9.2 mm and an effective length of  1600 mm (CF-PQ260L®, 
Olympus Co., Tokyo, Japan) allowed total colonoscopy to 
be performed in the majority of  patients in whom scope 
insertion was precluded by an elongated colon and adhe-
sions[13]. Preliminary studies have suggested that the use 
of  a guide-wire-directed endoscope or a spiral overtube 
can facilitate colonoscope insertion when difficulty is en-
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useful[21]. 
In addition to diagnostic procedures such as biopsy, 

SBE allowed colorectal polyps to be endoscopically re-
sected with no problems or complications. In contrast 
to a standard colonoscope, the opening of  the forceps 
channel of  SBE is located in the 8 o’clock direction. The 
field of  vision is thus similar to that during upper gastro-
intestinal endoscopy. Because the scope is long, twisting 
maneuvers applied by the operator are sometimes not 
transmitted to the scope tip, making it difficult to ac-
curately position endoscopic devices relative to target le-
sions. Because the forceps channel diameter was 2.8 mm, 
which is smaller than that of  a standard colonoscope, it 
was difficult to aspirate intestinal juice and air after the 
insertion of  endoscopic devices. Many lesions located at 
curvatures of  the large intestine or on the proximal sides 
of  folds were difficult to view endoscopically. When the 
intestine was shortened with the use of  a sliding tube, the 
region surrounding lesions was straightened, facilitating 
lesion inspection as well as endoscopic therapy. 

Our results showed that SBE facilitated total colo-
noscopy in patients in whom scope passage was difficult, 
confirming that SBE is useful and safe in Japanese sub-
jects. However, this was a retrospective study in a small 
number of  patients, and 1 endoscopist with many years 
of  experience in colonoscopy performed most of  the ex-
aminations. To clarify whether the technical ability of  the 
operator affects the performance of  SBE, prospective 
studies performed by endoscopists with different levels 
of  experience are needed. 
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