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ABSTRACT

Background: To investigate the differences between water immersion (WI) and air insufflation (Al) for colonoscopy under various bowel
preparation conditions.

Methods: In this study, 526 outpatients were randomly assigned to two groups, namely a Wl group (n = 263) and an Al group (n = 263).
During the procedure, the quality of bowel preparation, abdominal pain score, cecal intubation rate (CIR), adenoma detection rate (ADR),
the intubation times, and other indicators were recorded. After reaching the cecum, each group of patients was subdivided into one of
four grades (excellent, good, fair, and poor) according to the quality of bowel preparation.

Results: Under various bowel preparation conditions, the pain scores of the Al group were higher than those of the WI group (P < .05),
but there was no significant difference between the two groups in CIR (P >.05). For the WI group compared with the Al group, the cecal
intubation time (CIT) was prolonged under good bowel preparation (P =.045) and fair bowel preparation (P <.001). No significant dif-
ferences were observed between the two groups on ADR in all patients (P =.476).

Conclusion: Compared with Al colonoscopy, WI colonoscopy can decrease colonoscopy-related pain in patients for unsedated colo-
noscopy under various bowel preparation conditions, but there is no significant difference in CIR. WI colonoscopy requires longer CIT in
patients with good and fair bowel preparation conditions. Wl colonoscopy does not significantly increase ADR.
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INTRODUCTION

Colorectal cancer (CRC) is considered a serious disease
because of its high morbidity and mortality.! Recently, the
incidence of CRC has increased rapidly in China, and CRC
is now the third leading disease that causes cancer-related
death.? Early detection and removal of adenomatous pol-
yps can reduce the risk of developing CRC.% Colonoscopy
is widely considered as the most important method for
diagnosing adenomatous polyps and CRC because of its
high rate of detection and ability to biopsy or resect some
intestinal lesions.* Traditional colonoscopy is performed
with air insufflation (Al), which is operated by insufflat-
ing air into the large bowel to distend the bowel lumen.
However, excessive infusion of air could cause discom-
fort such as abdominal pain. Among patients who under-
went traditional colonoscopy, 34% reported moderate
or severe abdominal pain, and approximately 14% might
have severe abdominal pain.® Pain could cause some
patients to suspend the examination or refuse to review,

leading to hindering the popularity of colonoscopy.® So
many patients in the United States expressed willingness
to receive conscious sedation."*7 But the use of conscious
sedation for colonoscopy is associated with a risk of car-
diopulmonary complications.5” Recently, Leung et al. pro-
posed a technique of using water immersion (WI) without
Al during insertion for colonoscopy. Their results dem-
onstrated that the WI method could decrease patients'’
discomfort or pain without compromising the quality of
colonoscopy.® Other researchers also reported that WI
played a possible role in relieving colonic spasms,® ' therby
minimizing colonoscopy discomfort.'2-15

Although some researchers have considered that there
are many advantages to WI colonoscopy, others have
believed that bowel preparation conditions can seri-
ously affect the quality of WI colonoscopy in comparison
with Al colonoscopy.'® We hypothesize that there are
significant differences between WI colonoscopy and Al

Corresponding author: Youlin Yang, e-mail: youlinyang2019@163.com
Received: March 14, 2020 Accepted: July 13, 2020 Available Online Date: April 30, 2021
© Copyright 2021 by The Turkish Society of Gastroenterology - Available online at turkjgastroenterol.org

DOI- 10.5152/tjg.2021.20162

209


mailto:youlinyang2019@163.com

Turk J Gastroenterol 2021; 32(2): 209-217

Niu et al. Water Immersion vs. Air Insufflation Colonoscopy

colonoscopy under various bowel preparation conditions.
So we designed a clinical trial to evaluate the differences
between WI and Al colonoscopy under various bowel
preparation conditions.

MATERIALS AND METHODS
We designed a randomized controlled trial. All patients
gave written informed consent.

Study Population

The study included a total of 600 consecutive outpatients
aged 18-80 years who were willing to undergo screening
or diagnosis colonoscopy between January 2018 and April
2019. Exclusion criteria were (1) patients who refused to
participate in the study, (2) patients who had undergone
partial or complete colectomy, (3) patients with poor
bowel preparation after colonoscopy, (4) patients who
requested to undergo colonoscopy with sedation, and
(5) patients with other abdominal pain known before the
procedure.

Quality of Bowel Preparation

All patients underwent a bowel preparation with 1 L of
polyethylene glycol electrolyte lavage solution (PEG-ELP;
WanHe Pharmaceutical Co, Shenzhen, China) the day
before the examination, and 2 L of PEG-ELP at 4:00-
5:00 am within 2 h on the morning of the examination.

Air method

sl

Water method

Excellent

mnd

In our study, the quality of bowel preparation for both the
water method and the air method was graded and cat-
egorized by the endoscopist independently as excellent
(adequate visualization of the lumen, the entire colon
requires no flushing or suction), good (adequate visualiza-
tion of the lumen, the entire colon (>90%) has a little clear
fluid, which needs minimal suction and no or very minimal
flushing), fair (unsatisfactory visualization of the lumen,
all or part of the colon has colored fluid and liquid feces,
which require suction and flushing), and poor (unsatisfac-
tory visualization of the lumen, all or part of the colon has
colored fluid and feces, which require suction and flush-
ing, and the colon needs to be re-examined), based on the
Aronchik bowel preparation scale,” as shown in Figure 1.

Colonoscopy Procedure

Colonoscopies for the two groups were performed by one
experienced endoscopist who had performed indepen-
dently more than 1000 WI colonoscopies and more than
1000 Al colonoscopies. All patients who underwent colo-
noscopy were without sedation.

Before the procedure, the pulse, oximetry, and respira-
tory rate, body temperature, blood pressure, and elec-
trocardiography were monitored. At the beginning of
colonoscopy, the patients were in the left lateral position.
The shaft of the colonoscope was smeared with oil and

Poor

Falr Poar

Figure 1. Endoscopic images of the colon in the air insufflation (Al) group (A-D) and water immersion (WI) group (E-H) under four bowel
preparation conditions: (A, E) excellent; (B, F) good; (C, G) fair; and (D, H) poor.
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inserted into the lumen from the anus. After that, the
colonoscope could be advanced through the lumen until
it reached the cecum, even to the terminal ileum. The
time of withdrawing the colonoscope was not less than
6 min. During colonoscopy, the basic characteristics of
the patient, abdominal pain score, cecal intubation rate
(CIR), adenoma detection rate (ADR), intubation times,
etc., were recorded. The visual analogue scale pain scoring
system was used to assess each patient’s abdominal pain
degree (0 means no pain and 10 means extremely pain-
ful). This assessment was carried out immediately after
the procedure at a face-to-face interview with an inde-
pendent nurse, who was blinded to the group allocation.

Al method: For patients who were assigned randomly to
the Al group, colonoscopy was operated by the traditional
method, with minimal insufflation required to aid inser-
tion. In order to wash residual stool, a little warm water
was used.'

WI method: In order to avoid inadvertent insufflation, the
nurse turned off the air pump before starting the proce-
dure. During the insertion of the colonoscope, for patients
who underwent the WI method and had a lot of feces, this
was mixed with the water present in the colon and aspi-
rated, and then the lumen was infused with clean water.
The volume of water that was infused into the colon in
order to improve the visibility of the intestinal lumen was
not restricted. The water was infused mainly in order to
open the lumen, rather than in order to maximize colon
cleanliness.

Study Endpoints

Abdominal pain score, CIR, and ADR were the primary
outcomes. Secondary outcome measures were the intu-
bation times (splenic flexure intubation time, hepatic
flexure intubation time, and cecal intubation time [CIT]),
changes in patient position, and manual pressure used.

Sample Size

All sample sizes were performed with PASS 11.0. The
required sample size was calculated from preliminary
data (unpublished) that showed that the mean of the
pain score in the WI group was 2.43, and the mean of the
pain score in the Al group was 4.93 under excellent bowel
preparation conditions. For the study to have 80% power
at a significance level of 0.05, at least 13 pairs of patients
were required. Finally, we have enrolled 28 patients in the
WI group and 38 patients in the Al group under excellent
bowel preparation conditions in our study.

The required sample size was calculated from prelimi-
nary data (unpublished) that showed that the mean of
the pain score in the WI group was 3.87, and the mean of
the pain score in the Al group was 5.00 under good bowel
preparation conditions. For the study to have 80% power
at a significance level of 0.05, at least 95 pairs of patients
were required. Finally, we have enrolled 186 patients in
the WI group and 171 patients in the Al group under good
bowel preparation conditions in our study.

The required sample size was calculated from prelimi-
nary data (unpublished) that showed that the mean of
the pain score in the WI group was 3.22, and the mean of
the pain score in the Al group was 4.82 under fair bowel
preparation conditions. For the study to have 80% power
at a significance level of 0.05, at least 39 pairs of patients
were required. Finally, we have enrolled 40 patients in the
WI group and 43 patients in the Al group under fair bowel
preparation conditions in our study.

Statistical Analysis

We analyzed the data of the study using SPSS 13.0 statis-
tical analysis software. Normally distributed data are rep-
resented as means * standard deviation. Non-normally
distributed data are represented as medians * interquar-
tile ranges. All of the measurement data were compared
using the Student'’s t-test, Wilcoxon rank sum test, Chi-
square (x?) test, or Fisher's exact test, as appropriate.
For all tests, all P-values are two-tailed, and a P-value
of less than .05 was considered to indicate statistical
significance.

RESULTS

Baseline Characteristics of the Patients

A total of 600 consecutive outpatients who were will-
ing to undergo screening or diagnostic colonoscopy
were included in the study. Of these, 74 inappropriate
cases (colectomy, n = 19; requested sedation, n = 38;
refused to participate in this study, n = 17) were excluded.
Before starting the examination, remaining outpatients
were randomized to either the Al group or WI group by
opening a sealed opaque envelope. The envelopes were
randomized by using a computer-generated random
list. Finally, 526 patients enrolled in the study were ran-
domly allocated to one of the two groups (Al group and
WI group) at a 1:1 ratio: the WI group (n = 263) or the Al
group (n = 263). Data analyses were carried out based
on stratification by the level of colon cleanliness. In the
WI group, a total of 263 outpatients were divided on the
basis of excellent bowel preparation (n = 28), good bowel
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Figure 2. Study flow chart.

preparation (n = 186), fair bowel preparation (n = 40), and
poor bowel preparation (n = 9). In the Al group, a total
of 263 outpatients were divided on the basis of excel-
lent bowel preparation (n = 38), good bowel preparation
(n =171), fair bowel preparation (n = 43), and poor bowel
preparation (n = 11). Outpatients who had poor bowel
preparation were not analyzed (see Figure 2). There were
no significant differences between the WI group and the
Al group in terms of age, gender, BMI, and previous major
abdominal or pelvic surgery under the various bowel prep-
aration conditions (Tables 1, 2, 3, and 4).

All Patients

In all patients, the rate of reaching the cecum was 96.9%
in the WI group and 94.7% in the Al group (P = .191).
The splenic flexure intubation time (94.0 + 58.0 s vs.
83.0 + 50.5 s5; P = .011), the hepatic flexure intubation
time (175.0 £+ 112.0svs.160.0 + 94.5s; P=.017), and the
CIT (223.0 £+165.0svs.206.0 £ 158.5 5; P=.049) showed
significant differences between the Al group and the WI
group. The ADR in the WI group was 25.5% and that in
the Al was 22.8% (P =.476) in all patients. The median of
the pain score was 4 in the Wl group and 5 in the Al group
(P < .001). The frequency of position changes showed
statistically significant differences between the Wl group

and the Al group (P < .05). However, the frequency of
manual pressure showed no statistically significant dif-
ferences between the two groups (P > .05) (Table 1).

Under Excellent Bowel Preparation Conditions

Under excellent bowel preparation conditions, the
cecum was achieved in 100.0% in the WI group, and
97.4% in the Al group (P = .387). No significant dif-
ference was observed between the two groups in
the splenic flexure intubation time (69.5 + 27.3 s vs.
74.0 £ 26.5 s; P = .884), the hepatic flexure intubation
time (103.5 + 33.8 s vs. 107.0 + 28.5 5; P = .928), and
the CIT (128.0 + 29.5svs.127.0 £ 30.0 s5; P =.509). The
median of the pain score was 2 and 5 for the WI group
and the Al group (P < .001). The frequency of position
changes and manual pressure showed no statistically
significant differences between the Wl group and the Al
group (P > .05) (Table 2).

Under Good Bowel Preparation Conditions

Therate of reachingthe cecumwas 98.4% inthe Wilgroup
and 97.1% in the Al group (P = .487) under good bowel
preparation conditions. The splenic flexure intubation
times were 96.0 + 52.0sand 80.5 + 45.0s (P=.001), the
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Table 1. Comparison of WI Group Versus Al Group in All Patients

WI (n =263) Al (n=263) P
Baseline characteristics
Age (years), mean + SD 51.7+11.2 51.6 £12.3 .9097
Female, n (%) 128 (48.7) 138 (52.5) .383*
BMI (kg/m?), median = IQR 225+27 228+24 6445
Previous major abdominal or pelvic surgery, n (%) 80 (30.4) 101 (38.4) .054+*
Primary and secondary outcomes
Cecal intubation rate, n (%) 255 (96.9) 249 (94.7) 191#
The splenic flexure intubation time (s), median £ IQR 94.0 £ 58.0 83.0£50.5 .0118*
The hepatic flexure intubation time (s), median + IQR 175.0 £ 112.0 160.0 £ 94.5 .0178*
The cecal intubation time (s), median + IQR 223.0+165.0 206.0 £158.5 .0495*
Adenoma detection rate, n (%) 67 (25.5) 60 (22.8) 476%
Insertion pain score (0 = none; 10 = max) 4 (0-10) 5(0-10) <.0018*
Changes in patient position, n (%) 194 (73.8) 216 (82.1) .021#*
Manual pressure used, n (%) 206 (78.3) 218 (82.9) 186+

tStudent t test; ¥*Chi-square test; SWilcoxon rank-sum test; *P value <.05, statistically significant.
WI group, water immersion group; Al, air insufflation group; mean *+ SD, mean + standard deviation; median * IQR, median * interquartile ranges; BMI, body

mass index.

hepatic flexure intubation times were 177.0 + 83.0 s and
166.0+73.5s(P=.015),and the CIT were 223.0+118.0 s
and 206.0 + 130.5 s (P =.045) for the WI group and the
Al group under good bowel preparation conditions.
The median of the pain score was 4 (WI group) and 6

(Al group) under good bowel preparation conditions
(P < .001). The frequency of position changes and man-
ual pressure showed no statistically significant differ-
ences between the WI group and the Al group (P > .05)
(Table 3).

Table 2. Comparison of WI Group Versus Al Group Under Excellent Bowel Preparation

WI (n = 28) Al (n = 38) P
Baseline characteristics
Age(years), mean + SD 50.4+10.6 49.7 £12.7 .804*1
Female, n (%) 7 (25.0) 17 (44.7) .099*
BMI (kg/m?), median + IQR 231+£22 23.0+1.8 4258
Previous major abdominal or pelvic surgery, n (%) 7 (25.0) 14 (36.8) .307#
Primary and secondary outcomes
Cecal intubation rate, n (%) 28 (100.0) 37 (97.4) .3871
The splenic flexure intubation time (s), median £ IQR 69.5 +27.3 74.0+265 .884S
The hepatic flexure intubation time (s), median + IQR 103.5+£33.8 107.0 + 28.5 .9288
The cecal intubation time (s), median + IQR 128.0 £29.5 127.0 + 30.0 5098
Insertion pain score (0 = none; 10 = max) 2 (0-5) 5(1-9) <.0018*
Changes in patient position, n (%) 10 (35.7) 22 (57.9) .075%
Manual pressure used, n (%) 18 (64.3) 27 (71.1) 560+

tStudent t test; ¥*Chi-square test; SWilcoxon rank-sum test; TFisher exact test; *P value <.05, statistically significant.
WI group, water immersion group; Al, air insufflation group; mean * SD, mean # standard deviation; median * IQR, median * interquartile ranges; BMI, body

mass index.
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Table 3. Comparison of WI Group Versus Al Group Under Good Bowel Preparation

WI (n = 186) Al (n=171) P
Baseline characteristics
Age (years), mean + SD 52.1+10.9 51.4 +11.9 5441
Female, n (%) 96 (51.6) 96 (56.1) .391%
BMI (kg/m?), median = IQR 223+24 226+24 1058
Previous major abdominal or pelvic surgery, n (%) 51(27.4) 63 (36.8) 052+
Primary and secondary outcomes
Cecal intubation rate, n (%) 183 (98.4) 166 (97.1) 487*
The splenic flexure intubation time (s), median + IQR 96.0 £52.0 80.5+45.0 .0018*
The hepatic flexure intubation time (s), median * IQR 177.0 £ 83.0 166.0 + 73.5 .01568*
The cecal intubation time (s), median + IQR 223.0+118.0 206.0 £130.5 .0455*
Insertion pain score (0 = none; 10 = max) 4 (0-10) 6 (0-10) <.0018*
Changes in patient position, n (%) 139(74.7) 143 (83.6) .051%
Manual pressure used, n (%) 151 (81.2) 149 (87.1) 125+

tStudent t test; ¥*Chi-square test; SWilcoxon rank-sum test; *P value <.05, statistically significant.
WI group, water immersion group; Al, air insufflation group; mean *+ SD, mean + standard deviation; median * IQR, median * interquartile ranges; BMI, body
mass index.

Under Fair Bowel Preparation Conditions time (390.0 + 335.05vs.208.0+ 143.05; P<.001),and the
CIRs were comparable (35 patients (87.5%) vs. CIT(601.0+369.0svs.304.0+220.0s;P <.001)showed
35 patients (81.4%) in the Wl group and Al group, respec-  significant differences between the Al group and the WI
tively) (P=.445). Under fair bowel preparation conditions, group. The median of the pain score was 3 in the WI group
the splenic flexure intubation time (134.0 + 123.0 s vs. and 4 in the Al group (P = .012). The frequency of posi-
105.0 + 48.0 s; P < .001), the hepatic flexure intubation  tion changes and manual pressure showed no statistically

Table 4. Comparison of WI Group Versus Al Group Under Fair Bowel Preparation

WI (n = 40) Al (n = 43) P
Baseline characteristics
Age (years), mean = SD 51.6+13.4 54.3+13.3 .365"
Female, n (%) 21 (52.5) 22 (51.2) .903*
BMI (kg/m?), median + IQR 238+4.9 226+3.0 1068
Previous major abdominal or pelvic surgery, n (%) 16 (40.0) 19 (44.2) .824%
Primary and secondary outcomes
Cecal intubation rate, n (%) 35 (87.5) 35 (81.4) 445%
The splenic flexure intubation time (s), median £ IQR 134.0 +123.0 105.0 + 48.0 <.0018*
The hepatic flexure intubation time (s), median + IQR 390.0 + 335.0 208.0 £143.0 <.0018*
The cecal intubation time (s), median + IQR 601.0 £ 369.0 304.0 £ 220.0 <.0018*
Insertion pain score (0 = none; 10 = max) 3(0-9) 4 (0-10) .0128*
Changes in patient position, n (%) 38 (95.0) 40 (93.0) 7057
Manual pressure used, n (%) 33 (82.5) 31(72.1) 259+

tStudent t test; ¥*Chi-square test; SWilcoxon rank-sum test; *P value <.05, statistically significant.

WI group, water immersion group; Al, air insufflation group; mean *+ SD, mean # standard deviation; median * IQR, median * interquartile ranges; BMI, body

mass index.
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significant differences between the WI group and the
Al group under various bowel preparation conditions
(P>.05) (Table 4).

DISCUSSION

This study showed that the WI group was superior to the
Al group in terms of abdominal pain score under various
bowel preparation conditions. The CIR in the two groups
were similar under various bowel preparation conditions.
There was no significant difference between the two
groupson ADRinall patients. No significant difference was
observed between the WI group and the Al group regard-
ing the intubation time (including the splenic flexure intu-
bation time, the hepatic flexure intubation time, and the
CIT) under excellent bowel preparation conditions, while
the use of WI was characterized by a significantly longer
intubation time under good bowel preparation conditions
and fair bowel preparation conditions.

Al colonoscopy might lengthen and distend the colon,
which leads to colonoscopy-related pain.”® To over-
come this limitation, water was used during the insertion
of the colonoscope. WI colonoscopy can facilitate the
colonoscope to open and pass the lumen. The infused
water in the colon flows to the lower colon because
of gravity, thereby opening and passing through the
lumen.2°2' During the withdrawal of the procedure, air was
used. Our study showed that the WI method can increase
patient comfort in comparison with the Al group under
various bowel preparation conditions.

Under any bowel preparation conditions, there was no
significant difference in CIR between the two groups.
However, it was found in our study that low-quality bowel
preparation was associated with increasing colonoscopy
difficulty and incomplete colonoscopy examinations
whether by the WI method or the Al method. A multi-
center trial found that compared with fair bowel prepa-
ration conditions, excellent and good bowel preparation
conditions could increase the CIR and decrease the rate
of procedure difficulty.?? Considering these factors, colo-
noscopy performed with a high-quality bowel preparation
was important.

Previous research has shown that the detection rate of
neoplastic lesions in patients was significantly decreased
under poor bowel preparation conditions.?® These studies
considered that inadequate bowel preparation impeded
the diagnostic ability of standard colonoscopy signifi-
cantly. While some studies®* reported that low-quality
bowel preparation decreased the detection rate of small

polyps in which the diameter was <9 mm, others??> showed
a similar trend regardless of the size of colonic lesions.
We investigated the difference between WI colonoscopy
and Al colonoscopy on ADR in all patients. Results of the
analysis demonstrated that ADR was similar (P >.05). The
number of patients was too little under different bowel
preparation conditions in our research, and so we did not
assess the differences in ADR stratifying by colon cleanli-
ness between the two groups. In future, we will increase
the sample size to further explore the differences
between WI colonoscopy and Al colonoscopy in relation
to ADR under various bowel preparation conditions.

Based on excellent bowel preparation conditions, the
use of WI did not prolong the time to reach the cecum.
However, as bowel preparation conditions became worse,
the time of reaching the cecum in the WI group was signifi-
cantly longer than that in the Al group. A possible reason for
this was that having a lot of feces remaining in the bowel
lumen, which were mixed with the water, could result in a
decrease in the visibility in the intestinal lumen. In severe
cases, it was impossible to continue the examination,
and so the endoscopists needed a large amount of water
to rinse the lumen repeatedly until it was cleaned, which
would waste a lot of time. Our results differed from those
of Leung et al.” who found a trend toward a shortened CIT
in the WI group. However, others indicated that the CIT
among the two groups showed no significant difference.?

Other intubation times (the splenic flexure intubation
time and the hepatic flexure intubation time) were also
recorded as important outcomes because the purpose
of our research was to evaluate whether the intubation
times of WI colonoscopy were longer than that of Al colo-
noscopy under various bowel preparation conditions. Our
outcomes demonstrated that the time to splenic flexure
and hepatic flexure in the two groups were similar under
excellent bowel preparation conditions. The splenic flex-
ure intubation time and the hepatic flexure intubation
time were significantly prolonged in the WI group under
good and fair bowel preparation conditions. We con-
sidered that this phenomenon was likely related to the
unclear vision through turbid water in the WI group.

Our research has some advantages in its study of WI colo-
noscopy in comparison with previous reports. First, our
trial compared WI colonoscopy with Al colonoscopy in
terms of bowel preparation conditions. Second, with its
increased sample size, our study had adequate power to
evaluate some outcomes (including abdominal pain score,
CIR, the intubation times, etc.).
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CONCLUSIONS

Compared with Al colonoscopy, WI colonoscopy can
decrease colonoscopy-related pain in patients for
unsedated colonoscopy under various bowel preparation
conditions, but there is no significant difference in CIR. WI
colonoscopy requires longer CIT in patients with good and
fair bowel preparation conditions. In addition, Wl colonos-
copy does not significantly increase ADR.

LIMITATIONS

This study had several limitations. First, it was a single-cen-
ter study. Second, the study population was only Chinese
subjects. In the future, we intend to carry out multicenter
research. Third, there is no unified standard for assess-
ing the quality of bowel preparation by WI colonoscopy at
present. Fourth, a validated bowel grading scale (such as
those developed by Otawa?® and Boston?’) was not used
in this study. However, we adopted a simplified scale (the
Aronchik bowel preparation scale)."”
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