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Abstract

AIM: To investigate a limited water infusion method in
colonoscopy.

METHODS: Consecutive patients undergoing minimally
sedated colonoscopy were randomized to receive air
insufflation (7 = 89) or water infusion limited to the
rectum, sigmoid colon and descending colon (7 = 90).
Completion rates, cecal intubation times, procedure
times, need for abdominal compression, turning of pa-
tients and levels of discomfort were evaluated.

RESULTS: Completion rates, total procedure times, need
for abdominal compression, and turning of patients were
similar between groups. Less pain was experienced in the
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water group than in the air group (2.5 £ 2.5 s 3.4 £+ 2.8,
mean = SD, P = 0.021). The cecal intubation time was
significantly longer in the water group than in the air
group (6.4 = 3.1 min vs 4.5 £ 2.4 min, £ < 0.001). More
water was infused in the water group (322 + 80.9 mL
Vs 26.2 £ 39.4 mL, £ < 0.001).

CONCLUSION: Limited airless water infusion in the
distal colon reduces patients’ pain during colonoscopy.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Colonoscopy is currently the gold standard for the evalu-
ation and treatment of colon disease!”. The procedure
can sometimes be quite painful and the success rate of
intubation vaties with the skills of the endoscopists®.
Various methods have been used to reduce the pain of
colonoscopy, including variable stiffness colonoscopy,
magnetic endoscope imaging and oil lubrication, Some
of these measures require new instruments and their ef-
fects are controversial.

Pain during colonoscopy may originate from colon
distension caused by air insufflation during the proce-
dure. Adequate air insufflation opens the lumen of the
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colon and improves the colonoscopic view. Overinflation,
however, elongates the colon, accentuates the angles and
results in difficult intubation. In addition, overinflation
reduces mucosal blood flow in the laboratory setting and
could possibly cause clinically significant ischemia'”.

Water instillation into the colon can facilitate intuba-
tion by straightening the sigmoid colon and decreasing
the friction between the scope and the colonic mucosa
during colonoscopym. Recently, an airless water intuba-
tion method was proposed in which water, in lieu of air,
was used to open the lumen of the colon®. In previous
studies, this method was found to decrease the use of
sedative medication during sedated colonoscopy and to
increase patient willingness to receive unsedated colo-
noscopy[&m]. However, a large amount of water was
needed to inflate the colon adequately, and if water was
infused manually with a syringe, the procedure time was
prolongedm. Otherwise, an automatic infusion pump was
needed” .

In this randomized, controlled study, we simplified
the water intubation method by limiting the infusion of
water to the rectum and sigmoid colon. We aimed to
investigate whether this limited water infusion method
could reduce patient discomfort during minimally sedated
colonoscopy.

MATERIALS AND METHODS

This prospective study was conducted between May and
November 2009 at Buddhist Dalin Tzu Chi General Hos-
pital. Patients undergoing minimally sedated colonoscopy
performed by two endoscopists (Hsiech YH and Tseng
KC) at our endoscopic suite were included. Patients with
the following conditions were excluded: obstructive le-

sions of the colon, inadequate bowel preparation, allergy
to meperidine, massive ascites, past history of partial
colectomy, or refusal to provide written informed con-
sent. The study was approved by the Institutional Review
Board of the Buddhist Dalin Tzu Chi General Hospital.

Bowel cleansing was accomplished by asking the pa-
tients to ingest either 90 mL of sodium phosphate, or 4
bisacodyl tablets (4 X 5 mg) plus 250 mL of magnesium
citrate (Purzer Pharmaceutical Co., Taipei, Taiwan) oral
solution in two divided doses the night before the proce-
dure.

Buscopan (hyoscine N-butylbromide, 20 mg), if not
contraindicated, and 25 mg of meperidine were given in-
tramuscularly immediately before the procedure to produce
good colonic relaxation and reduce patient discomfort.

The colonoscopic examinations were performed by
using a video colonoscope (CF 240AL, Olympus Optical
Co. Ltd., Tokyo, Japan). All procedures were performed
with the standard method, including starting with the
patient in the left lateral decubitus position, avoiding and
reducing loops as much as possible. The variable stiffness
function was activated at the discretion of the endosco-
pist, usually after the sigmoid colon was passed and be-
fore manual abdominal pressure was applied. Intubation
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of the cecum was defined as successful only if the base
of the cecum could be touched with the tip of the colo-
noscope. Detailed examinations were undertaken during
the withdrawal phase.

The patients were allocated into two groups randomly
by means of a computer-generated list. In the air group,
air insufflation was used throughout the procedure. In
the water group, the air pump was turned off initially
during the procedure. Instead, tap water in 50 mL sy-
ringes was instilled into the rectum and the sigmoid colon
through the accessory channel to open the colon lumen.
Water was not usually instilled into the descending colon
because the infused water already accumulated in this
dependent segment. If the tip of the scope came out
of the water or could not find its way at the transverse
colon, the air pump was then turned on. In addition, if
the lumen could not be opened with water in the sigmoid
colon after a 5-min attempt, the air pump was turned on.

Demographic data (age, gender, height, weight, and
education level), indications for colonoscopy, history of
abdominal surgery or hysterectomy, constipation and
chronic use of laxatives were obtained before colonos-
copy. At the end of the procedure, the following param-
eters were evaluated and recorded on the patient data
sheet: quality of bowel preparation, cecal intubation time,
total procedure time, activation of the variable stiffness
function, use of abdominal pressure, use of changing
position, presence of polyps and reasons for incomplete
colonoscopy. Body mass index was calculated as body
weight divided by body height squared (kg/m?). The
quality of bowel cleansing was classified by the endos-
copist as: (1) good: dry colon or only a small amount of
clear liquid; (2) fair: large amount of clear liquid fluid or
minimal solid stools; (3) poor: significant amount of solid
residue; and (4) inadequate: when stool residue precludes
complete insertion.

A trained research assistant who was unaware of the
randomization status administered a questionnaire to
the subjects after the procedure. In the questionnaire,
abdominal pain was graded according to 10 levels (VAS
scale). The degree of satisfaction was also assessed by a
similar scale.

Statistical analysis

A sample size of about 75 patients was chosen to detect
a difference of 1 in the patient abdominal pain score
during colonoscopy given a standard deviation of 2.2
with a two-tailed o of 0.05 and a 3 of 0.20. Statistical
analysis was performed using SPSS version 12.0 software
(SPSS Inc., Chicago, IL). All continuous variables were
expressed as mean * SD. The Student’s ~test and an
analysis of variance to compare the means of continuous
variables were used where appropriate. The y” test, with
Yates’ correction for continuity, was used for comparison
of categorical data, while the Fisher exact test was used
when numbers were small. Multivariate logistic regres-
sion was performed using the application of assistant-
administered abdominal pressure as the end point. A P

May 7, 2011 | Volume 17 | Issue 17 |



Hsieh YH et a/. Limited water infusion in colonoscopy

Table 1 Baseline characteristics of the patients undergoing

colonoscopy (mean + SD) 7 (%)

Air group  Water group P value
(n = 89) (n = 90)

Male 51 (57.3) 49 (54.4) 0.764°

Age (yr) 583+133 572+133  0.612'

BMI (kg/m’) 24.0+35 242+35 0.678'

Previous abdomino-pelvic 27 (36.0) 23 (30.7) 0.604°

surgery

Constipation 34 (38.2) 22 (24.4) 0.0547

Inpatients 5 (5.6) 3(3.3) 0.497°

Indications 0.482°
Follow-up of polyps 34 (38.2) 29 (32.2)

Abdominal pain 5 (5.6) 9 (10.0)
Rectal bleeding 13 (14.6) 11 (12.2)
Stool occult blood 12 (13.5) 18 (20.0)
Change of bowel habit 16 (18.0) 18 (20.0)
Anemia 3 (3.4) 1(1.1)
Loss of body weight 3(3.4) 3(3.3)
Other 3(3.4) 1(1.1)

Education level 0.969°
Primary school and less 21 (24.1) 21 (24.4)

High school 38 (42.7) 40 (44.4)
College and higher 30 (34.5) 29 (33.7)

Bowel cleansing regimens 0.179°
Sodium phosphate 41 (46.1) 51 (56.7)
Magnesium citrate-bisacodyl 48 (53.9) 39 (43.3)

Anxiety 3.0+29 3.9+29 0.110'

Antispasmodic agent use 72 (80.9) 75 (83.3) 0.700°

Colon preparation 0.276°
Good 49 (55.1) 60 (66.7)

Fair 25 (28.1) 18 (20.2)
Poor 15 (16.9) 12 (13.3)

'Student’s t-test; ZXZ test. BMI: Body mass index.

value of less than 0.05 was considered to be statistically
significant.

RESULTS

Between May 2009 and February 2010, 255 patients under-
went colonoscopies performed by the two endoscopists at
our hospital. Sixty-one patients wished to receive seda-
tion, so they were not invited to participate in the study.
Twelve patients were excluded because of prior hemico-
lectomy (7 = 6), unwillingness to give written informed
consent (7 = 5), or massive ascites due to carcinomatosis (#
= 1). The remaining 182 subjects were randomized to the
air group (7 = 90) or the water group (# = 92). Three pa-
tients were subsequently excluded because of inadequate
preparation (one in each group) and severe colitis (one in
the water group). The baseline characteristics of the re-
maining patients in both groups were similar (Table 1).

Incomplete colonoscopy occurred in 1 patient in the
air group (1.1%) due to looping. Incomplete colonoscopy
also occurred in 1 patient in the water group (1.1%) due
to intolerance. However, air insufflation had to be used in
8 patients in the water group before reaching the trans-
verse colon due to poor visibility in 2 patients, and an
inability to open the lumen in 6 patients (4 at the sigmoid
and 2 at the descending colon). These 8 patients were all
subsequently intubated to the cecum.
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Table 2 Outcomes of colonoscopy (mean + SD) n (%)

Air group Water group P value

(n=89) (n=290)
No. of failed cecal intubations 1(1.1) 1(1.1) 1.000*
Cecal intubation time (min) 45+24 64+31 <0.001°
Procedure time (min) 13.8+5.6  145+47 0.333°
Volume of water used (mL) 262+394 322+809 <0.001°
Time of air insufflation during 45+24 23+26 <0.001°
intubation (min)
No. of cases requiring assistant- 51 (57.3) 49 (54.4) 0.764*
administered abdominal pressure
No. of cases requiring change of 24 (27.0) 17 (18.9) 0.217
position
Patient pain score' 34128 25+25 0.021°
No. of cases without pain 18 (20.2) 32 (35.6) 0.030*
Patient satisfaction score” 9.6+0.8 9.6+0.7 0.980°
No. of cases with polyps 52 (58.4) 44 (48.9) 0.232*
No. of cases with adenomas 31 (34.8) 32 (35.6) 1.000*

0 = no pain, 10 = worst pain imaginable; %0 = not satisfied at all, 10 =
completely satisfied; Student’s t-test; 4xz test.

The need for abdominal compression, need for chang-
ing position and total procedure time were similar between
groups (Table 2). The cecal intubation time was shorter in
the air group than in the water group (4.5 * 2.4 min »s5 6.4
+ 3.1 min, P < 0.001).

Significantly less water was infused in the air group
than in the water group during the procedure (26.2 *
39.4 mL »s 322 + 80.9 mL, P < 0.001). The time of air
insufflation during the insertion phase was less in the
water group than in the air group (4.5 * 2.4 min 25 2.3 £
2.6 min, P < 0.001). The mean pain scotes, as rated by
the patients, were higher in the air group than in the wa-
ter group (3.4 = 2.8 s 2.5 £ 2.5, P = 0.021). Also, more
patients in the water group had no pain at all compared
to patients in the air group (35.6% »s 20.2%, P = 0.030).
Opverall satisfaction with the procedure was similar be-
tween groups (9.6 = 0.8 »59.6 £ 0.7, P > 0.05) (Table 2).

Polyps were detected in 52 (58.4%) patients in the
air group. Thirty-one (34.8%) of these polyps were ad-
enoma, 5 (5.6%) were tubulovillous adenoma and 3 (3.4%)
were carcinoma. Polyps were detected in 44 (48.9%) pa-
tients in the water group. Thirty-two (35.6%) polyps were
adenoma, 4 (4.4%) were tubulovillous adenoma and 1
(1.1%) was carcinoma (Table 2).

DISCUSSION

The results of this study show that water infusion rather
than air insufflation at the rectum and sigmoid is associ-
ated with less pain during minimally sedated colonoscopy.
In experienced hands, about 35.6% of the patients felt no
pain at all. The water was infused manually with a syringe
without additional instruments, making this method readi-
ly available. Although the limited water infusion group had
a longer intubation time than the air insufflation group,
the difference was small (less than 2 min). To the best of
our knowledge, this is the first study to compare this new
water infusion method with traditional air insufflation.
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Water infusion to facilitate colonoscopy has been re-
ported by several authors in the past; however it has not
been applied frequently. Most authors used water infusion
in conjunction with air insufflation. Falchuk ¢ o/ found
it helpful to infuse up to 300 ml. of water into the sig-
moid colon while intubating patients with severe divertic-
ulosis. Baumann compared water infusion (200 mL) with
traditional air insufflation during colonoscopic examina-
tion"”. He found that passing through the left colon was
faster with the water method than with the air method.
Brocchi ef a/” compared warm water (300 mL) infusion
with seed oil and traditional air insufflation during colo-
noscopic examination. They found that water infusion
was associated with a higher cecal intubation rate, shorter
intubation time and less pain than in the control group.

Recently, Leung ez al” employed a novel method with
infusion of a large amount of water during the insertion
phase. In their pilot study, airless water intubation permit-
ted 52% of patients to complete the procedure without
sedation. A mean volume of mote than 1 L. of water was
infused in aliquots of 30 to 60 mL. The major drawback
of this technique was the long intubation time of up to
22.6 min". Tn a subsequent randomized, controlled study
comparing water intubation with air insufflation, the wa-
ter was infused intermittently with a peristaltic pump with
a blunt needle adaptor through the biopsy channel"”.
The cecal intubation times wete comparable between the
two groups. The endoscopists found that the increments
of medications and the maximum pain scores were sig-
nificantly lower with the water method"".

Our study showed that a lower mean pain score was
experienced in the water group (2.5  2.5) than in the air
group (3.4 = 2.8, P = 0.021). A previous study has shown
that patient discomfort occurs when the colonoscope
tip reaches the sigmoid colon"”. Loop formation of the
colonoscope occurring mostly in the sigmoid colon is the
major cause of pain"’. We infused water instead of air in
the rectum and sigmoid colon in our study. By eliminat-
ing air in the sigmoid colon, we reduced the loop forma-
tion and caused less pain in these patients. The weight of
the water might also be helpful in reducing looping over
the sigmoid colon.

In the present study, we did not use air insufflation
until the scope reached the transverse colon. The infused
water accumulated at the descending colon due to gravity
when patients were in the left lateral decubitus position.
When the scope reached the transverse colon the air was
switched on, otherwise much more water would have
been needed to open the more proximal colon, which
was at non-dependent areas. By limiting the use of water
infusion to the distal colon, we could achieve intubation
with little water (around 300 mL). This amount of water
could easily be infused with a syringe instead of a peri-
staltic pump.

The intubation time was longer in the water group
than in the air group (6.4 = 3.1 min »s 4.5 £ 2.4 min).
However, air had to be turned on prematurely in 8 (8.9%0)
patients in the water group. There are several reasons for
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the longer time in the water group. Firstly, it took time
to infuse water into the biopsy channel repeatedly with a
syringe. Secondly, it was difficult to open a collapsed seg-
ment or acute angle at a non-dependent portion without
enough water. Thirdly, the view was less clear and the Iu-
men was more difficult to find under water than with air
insufflation, especially when the preparation was less than
optimal. With a limited amount of water infused, our
method had little cleansing effect on colon contents'™.

The polyp detection rates were similar in our study
groups. After opening the lumen adequately with air
insufflation and aspirating the residual stools and fluid,
we inspected the mucosa closely when we withdrew the
scope in both groups, so the infused water did not impair
our ability to detect polyps. When the bowel preparation
was adequate, we had no difficulty finding a polyp under-
water during insertion.

In this study, we infused water at room temperature.
Some previous studies used warm watet™'™" but others
have used water at room temperature ", Church ez a/"”
showed that warm water minimized colon spasms and
decreased patient discomfort. Most of our patients had
received intravenous buscopan before colonoscopy, so
we did not encounter any colon spasms in this study.

This study has several limitations. The procedures
were performed by two experienced endoscopists, since
the procedure conditions cannot appropriately be handled
by less experienced doctors. The endoscopists were not
blinded to the methods, but the patients were blinded.
The use of the water method only reduced a small pro-
portion (about 26%) of the pain scores; however the
procedure was simple and cost-effective. We did not com-
pate the syringe infusion method with a peristaltic pump
method, although this does warrant further studies.

In conclusion, compared with traditional air insuffla-
tion, limited infusion of water at the distal colon resulted
in less pain in patients undergoing minimally sedated colo-
noscopy, although a longer intubation time was required.

COMMENTS

Background

Colonoscopy can sometimes be quite painful. Pain during colonoscopy may
originate from colon distension caused by air insufflation. Water instillation into
the colon can facilitate intubation by straightening the sigmoid colon and de-
creasing the friction between the scope and the colonic mucosa. The weight of
water also helps prevent loop formation.

Research frontiers

Recently, an airless water intubation method was proposed in which water, in
lieu of air, was used to open the lumen of the colon. In previous studies, this
method was found to decrease the use of sedative medication during sedated
colonoscopy. However, a large amount of water was needed to inflate the colon
adequately, which might increase procedure time or require an additional peri-
staltic pump. In this randomized, controlled study, the authors simplified the wa-
ter intubation method by limiting the infusion of water to the rectum and sigmoid
colon.

Innovations and breakthroughs

In the limited water group in the present study, the air pump was turned off
initially during the procedure. Tap water in 50 mL syringes was instilled into the
rectum and the sigmoid colon through the accessory channel to open the colon
lumen. Water was not usually instilled in the descending colon because the
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infused water already accumulated in this dependent segment. The air pump
was opened when the colonoscope reached the transverse colon. No additional
instrument was needed with this method and only about 300 mL of water was
used to complete the colonoscopy.

Applications

This article shows that limited airless water infusion in the distal colon reduces
patients’ pain during colonoscopy. Further research should be done by less
experienced endoscopists. In addition, head-to-head comparison of the limited
water infusion method with total water infusion is needed.

Peer review

Hsieh et al present the results of the largest randomized trial yet performed to
assess the value of water instillation to facilitate colonoscopy, here in minimally
sedated patients. In general the paper is well written, the methodology is good
and the results will generate widespread interest amongst endoscopists.
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