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Abstract

Background: Few well-designed studies have investigated water exchange colonoscopy (WE).
We performed a meta-analysis to comprehensively evaluate the clinical utility of VWE based on
high-quality randomized controlled trials (RCTs) and to compare the impacts of WE, water
immersion colonoscopy (WI), and gas-insufflation colonoscopy.

Methods: We searched the Cochrane Library, MEDLINE, Embase, PubMed, Elsevier, CNKI, VIP,
and Wan Fang Data for RCTs on WE. We analyzed the results using fixed- or random-effect
models according to the presence of heterogeneity. Publication bias was assessed by funnel plots.
Results: Thirteen studies were eligible for this meta-analysis. The colonoscopic techniques
included WE as the study group, and WI and air- or CO,-insufflation colonoscopy as control
groups. WE was significantly superior to the control procedures in terms of adenoma detection
rate, proportion of painless unsedated colonoscopy procedures, and cecal intubation rate
according to odds ratios. WE was also significantly better in terms of maximal pain score and
patient satisfaction score according to mean difference.

Conclusions: WE can remarkably improve the adenoma detection rate, proportion of painless
unsedated colonoscopy procedures, patient satisfaction, and cecal intubation rate, as well as
reducing the maximal pain score in patients undergoing colonoscopy.
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Introduction

Colonoscopy plays an important role in the
diagnosis and treatment of colorectal dis-
eases, especially in screening for colorectal
cancer.'®  Conventional air-insufflation
colonoscopy (Al) often causes abdominal
distension, abdominal pain, and other dis-
comfort during the procedure;*?
however, technical developments have led
to the introduction of water exchange
(WE) and water immersion (WI) techni-
ques.® In WE, the cecal intubation process
proceeds more slowly with the infused
water suctioned during insertion rather
than during withdrawal, and the suctioning
of any retained gas pockets as they
are encountered. WI involves infusing
water solely for the purpose of expanding
the lumen and intubating the cecum, with
suctioning of the water during withdrawal.
WE has been reported to be clinically more
valuable than WI,” especially in terms of
the adenoma detection rate (ADR) and
cecal intubation rate.'®™'! One report
showed that the cecal intubation time of
WE was longer than either WI and AL"
while WI has also been suggested to
have better diagnostic and therapeutic per-
formances than AL%'*!® Recent studies of
CO»-insufflation colonoscopy, which uses
CO, instead of air to achieve minimal dis-
tension of the lumen throughout the inser-
tion phase and during withdrawal,
demonstrated superiority of CO, in reduc-
ing postprocedural pain. Three previous
meta-analyses have analyzed the use of
WE;!* 16 however, Chen et al.'* only ana-
lyzed WE versus WI, Zhang et al."> com-
pared any two of AI, CO,-insufflation
colonoscopy, WI, and WE, and did not
focus on WE, while Fuccio et al.'® separate-
ly compared WI and/or WE with Al and/or
COgs-insufflation colonoscopy. In contrast,
in the current meta-analysis, we set WE as
the experimental group and the three other

methods (WI, AI, COs,-insufflation colo-
noscopy) as the control groups, and com-
pared the subgroups. This meta-analysis
thus comprehensively evaluated the clinical
utility of WE based on high-quality RCTs.

Methods

Inclusion and exclusion criteria

Inclusion criteria. Studies were included if
they met the following criteria: 1) contained
case inclusion criteria, and the study design
was an RCT with a quality level of A or B
(see ‘Quality assessment’ below); 2) were
designed to study WE; 3) had a study
group that received WE and a control
group that received AIl, CO,-insufflation
colonoscopy, or WI; and 4) included one
or more of the following indicators for
comparing efficacy between WE and other
colonoscopic techniques: cecal intubation
rate, ADR, proportion of painless unse-
dated colonoscopy, maximal pain score,
and patient satisfaction.

Exclusion criteria. Studies were excluded if
they met any of the following criteria: 1)
incomplete data; 2) duplicate publications
(only those with credible data were includ-
ed); 3) had a control group that underwent
WE combined with other colonoscopic
techniques; or 4) were a RCT without WE
as one of the methods.

Literature retrieval and data collection

We searched the Cochrane Library,
MEDLINE, Embase, PubMed, Elsevier
and Technological Periodical Database,
and Wanfang Data prior to July 2018.
The search excluded studies involving chil-
dren or pregnant women, and review
articles. References in the included articles
were checked to identify any study that
might have been omitted. The articles
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Figure |. Summary of the risk of bias assessment ().

were screened by two reviewers indepen-
dently, according to the steps for prelimi-
nary screening and full-text screening, and
any disagreements were resolved by discus-
sion or consultation with a third evaluator.

Quality assessment

Study quality was evaluated according to
the quality evaluation criteria recom-
mended in the Cochrane Reviewers’
Handbook 5.1.0. Briefly, study quality was
rated as A, B, or C based on its

randomization method, allocation conceal-
ment, blinding method, incomplete out-
come data, selective outcome data, and
other bias sources. The results are shown
in Figures 1 and 2. All studies'>'"28
described the process of randomization,
whereas only seven!>!7:18:20:2426.28 ¢ty djeg
described appropriate allocation conceal-
ment. Nine studies'®2%%2%272% did not
clearly describe other biases. Reference
blinding was similar in all the included stud-
ies. The only study® with a guaranteed low
risk of bias was a study in which the
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Figure 2. Graph of the risk of bias assessment (2).

colonoscopists were blinded to the insertion
method (double-blinded).

Data analysis

The data were analyzed statistically using
Review Manager 5.3. Odds ratios (ORs)
were used to analyze the heterogeneity of
numerical data such as ADR, proportion
of painless unsedated colonoscopy, and
cecal intubation rate between the two
groups in each study. Maximal pain score
and patient satisfaction were analyzed by
weighted mean difference (MD) and the
effect variables were expressed by 95% con-
fidence intervals (CI). Each study was con-
sidered to be homogeneous when the P
value was >0.1 or the I* statistic was
< 50%; otherwise the study was regarded
as non-homogenous. A fixed-effect model
was used to estimate the overall effect if
the OR was homogenous and a random-
effect model if it was non-homogenous.
A symmetrical funnel plot that was
narrow at the top and wide at the bottom

indicated no publication bias in relation to
the analyzed index (Figure 3).

Results

Literature search and information
retrieval of included studies

A total of 76 articles were extracted, of
which 63 were excluded after reading the
titles and abstracts and 13 RCTs were even-
tually included in the final analysis
(Figure 4). Of the included articles, 11
were rated as grade A and two as grade B
in terms of methodological quality. The
included studies contained a total of §780
patients, and the colonoscopic techniques
used in these studies included WE, Al or
COs-insufflation colonoscopy, and WI
(Table 1).

Efficacy indicators

Nine RCTs!7 19272928 reported the ADR
in the WE group, with a non-significant y°
value of 3.60 for heterogeneity, indicating
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Figure 3. Funnel plots of the risk of publication bias (according to cecal intubation rate). SE: standard error,
WI: water immersion colonoscopy, Al: air-insufflation colonoscopy, WE: water-exchange colonoscopy, CO;:

CO»-insufflation colonoscopy.

homogeneity of effects among the trials.
A fixed-effect model was therefore used,
and the OR value in the WE group was
1.43 (95%CI: 1.30 to 1.59, P<0.001). The
OR values in the AI, WI, and CO»-insuffla-
tion groups were 1.49 (95%CI: 1.32 to 1.68,
P<0.001), 1.36 (95%CIL: 1.10 to 1.67,
P=0.004), and 1.18 (95%CI: 0.80 to
1.73), respectively, indicating that WE
could significantly increase ADR
(Figure 5).

Three RCTs'”?!' reported the propor-
tion of painless unsedated colonoscopy
procedures in the WE group, with a non-
significant y* value of 0.97 for heterogene-
ity, indicating homogeneity of effects
among the trials. A fixed-effect model was
therefore used. The OR for WE was 2.43
(95%CI: 1.87 to 3.14, P<0.001), and the
OR values for the Al and WI groups were
2.52 (95%CI: 1.88 to 3.37, P<0.001) and
2.11 (95%CI: 1.21 to 3.68, P<0.001),

respectively, indicating that WE could sig-
nificantly increase the proportion of pain-
less unsedated colonoscopy procedures
(Figure 6).

Maximal pain score during insertion was
investigated in the WE group in seven
RCTs,'#2021:2528 ith a 4 value for het-
erogeneity of 114.86 (P < 0.001), indicating
significant heterogeneity of effect among
the trials. The results were therefore ana-
lyzed using a random-effect model. The
MD value for WE was —1.48 (95%CI:
—1.98 to 0.98, P <001), indicating that the
maximal pain score during insertion was
remarkably lower in the WE group com-
pared with the Al (MD —1.84 [95%CI:
—2.53 to 1.16, P<0.001]) and WI groups

MD —-0.62 [95%CI: —1.14 to 0.10,
P=0.02) (Figure 7).
Eleven RCTs'*""2®  reported the

cecal intubation rate in the WE group,
with a non-significant »* value for
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Figure 4. Diagram of article screening and selection. RCT: randomized controlled trial, WI: water
immersion colonoscopy, Al: air-insufflation colonoscopy, WE: water-exchange colonoscopy.

heterogeneity of 17.39, indicating homoge-
neity of effects among the trials. A fixed-
effect model was therefore used, and
the OR value was 1.39 (95%CI: 1.08
to 1.79, P=0.01). The equivalent ORs in
the AI, WI, and CO,-insufflation groups
were 1.20 (95%CI: 0.86 to 1.66), 1.41
(95%CI: 0.87 to 2.26), and 2.85 (95%CI:
1.31 to 6.21, P=0.008), indicating that
WE could improve the cecal intubation
rate relative to the control groups
(Figure 8).

Patient satisfaction score was assessed in
the WE group in three RCTs,'**"*? and the
% value for heterogeneity was 2.31, indicat-
ing homogeneity of effects among the trials.
A fixed-effect model was therefore used.
The MD value for WE was 0.20 (95%CI:
0.05 to 0.35, P=0.01), indicating that WE
could increase patient satisfaction com-
pared with the AT (MD 0.19 [95%CI: 0.02
to 0.35, P=0.03]) and CO»-insufflation
groups (MD0.20 [95%CI: —0.26 to 0.63])
(Figure 9).
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WE Control 0Odds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% Cl M-H. Fixed, 95% CI
1.3.1 WE vs Al
Arai M2016 139 206 114 197 6.0% 151[1.01.227]
Azevedo R2018 22 70 20 71 2.1% 117 [0.57,2.41)
Cadoni 52014 87 338 64 334 715% 146[1.01,2.11]) - -
Cadoni 52016 210 408 165 408 126% 156[1.18,2.06] — =
Hsieh YH2014 51 a0 39 90 27% 1.71[0.95,3.08) N I S—
Hsieh YH2016 108 217 82 217 65% 163[1.11,2.39] T
Jia H2016 303 1653 221 1650 285% 145[1.20,1.75] —
Wang X2015 26 98 22 98  26% 1.23[0.64,2.386)
Subtotal (95% Cl} 3081 3065 685% 1.49 [1.32, 1.68] -
Total events 946 727
Heterogeneity: Chi* =139, df =7 (P=099), F=0%
Test for overall effect Z = 6.46 (P < 0.00001)
1.3.2 WE vs WI
Cadoni S2016 201 408 177 408 14.2% 1.27[0.96, 1.67] LS S
Hsieh YH2014 51 a0 41 90 28% 156[0.87,2.81) ]
Hsieh YH2016 108 217 88 217  T.0% 145[0.99,2.12] =
Subtotal (95% Cl) 715 715 239% 1.36 [1.10, 1.67] -
Total events 360 306
Heterogeneity: Chi2=058,df =2 (P=075); 12=0%
Test for overall effect Z = 2.86 (P = 0.004)
1.3.3 WE vs CO2
Garborg K2014 81 234 74 239 75% 1.18[0.80,1.73] il
Subtotal {95% CI) 234 239 7.5% 1.18 [0.80, 1.73] ‘*’
Total events 81 74
Heterogeneity: Not applicable
Test for overall effect Z = 0.85 (P = 0.40)
Total (95% CI} 4030 4019 100.0% 1.43 [1.30, 1.59] <>
Total events 1387 1107
Heterogeneity: Chiz = 360, df = 11 (P = 0.98); I = 0% 015 017 1=5 2
Test for overall effect Z = 7.00 (P < 0.00001) ’ Control WE

Teast for subaroun differences Chi2= 162 df= 2P =044 12= 0%

Figure 5. Comparison between WE and control groups in relation to ADR. Forest plot showing odds ratio
(OR) with 95% confidence interval (Cl). df: degrees of freedom, WI: water immersion colonoscopy,
Al: air-insufflation colonoscopy, WE: water-exchange colonoscopy, CO,: CO,-insufflation colonoscopy,

M-H: Mantel-Haenszel.

Discussion

ADR is known to be an important colonos-
copy quality indicator related to the risk of
interval cancer. The current meta-analysis
showed that WE could significantly increase
the ADR compared with other colonoscopy
techniques, with a pooled OR of 1.43, in
line with the results of previous studies.'*"
However, only one study compared WE
and COs-insufflation in relation to
ADR,* and the result for this comparison
was therefore not significant, probably due
to the small sample size. Further clinical
studies should therefore be conducted to
compare the ADRs of these two techniques.
We also compared WE with AI, WI, and

CO»-insufflation colonoscopy in terms of
cecal intubation rate, and confirmed that
WE had a higher cecal intubation rate
than all the other insertion techniques.
WE has consistently been shown to be the
least-painful insertion technique,?” and we
verified that WE could significantly increase
the proportion of painless unsedated colo-
noscopy procedures compared with Al and
WI. Unsedated colonoscopy in the clinic
could reduce medical costs and ensure post-
procedural patient safety,’®*' and the cur-
rent analysis indicated that WE could be
used to perform unsedated colonoscopy,
especially in patients who cannot tolerate
pain. Pain limits the cecal intubation rate
from 67% to 83% worldwide among
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WE Control Qdds Ratio Odds Ratio
Study or Subg a a ei ixed. 95%
1.4.1 WE vs Al
Cadoni 52014 143 338 76 334 57.7% 2.49(1.78, 3.48] L3
Cadoni S2015 24 186 12193 13.4% 2.23[1.09,4.61] —
Cadoni S2015-1 16 105 5 103 56% 352[1.24,10.01] - T
Subtotal {95% CI) 629 630 T76.7% 2.52[1.88, 3.37] *
Total events 183 93

Heterogeneity: Chi =0.51, df =2 (P =0.78); I =0%
Test for overall effect: Z = 6.22 (P < 0.00001)

1.42WE vs W

Cadoni 52015 24 186 14 197 155%  1.94[0.97,387] ——
Cadoni §2015-1 16 105 7 103 78%  247[0.97,6.27] =
Subtotal (35% CI) 201 300 23.3%  2.11[1.21.3.68] S =
Total events 40 21

Heterogeneity: Chiz =0.17, df =1 (P = 0.68); 2 =0%
Test for overall effect: Z = 2.64 (P =0.008)

Total (95% CI) 920 930 100.0%  2.43[1.87.3.14] 4
Total events 223 114 ; ’ ;

H - 12 = = = - |2 = T T T :
Heterogeneity: Chiz=0.97 df =4 (P =0.91); 2 =0% 0.01 o1 1 10 100

Test for overall effect: Z =6.73 (P < 0.00001)
Test for subaroup differences: Chi? =0.30. df =1 (P = 0.58). P =0%

Control WE

Figure 6. Comparison between WE and control groups in relation to painless unsedated colonoscopy.
Forest plot showing odds ratio (OR) with 95% confidence interval (Cl). df: degrees of freedom, WI: water
immersion colonoscopy, Al: air-insufflation colonoscopy, WE: water-exchange colonoscopy, CO,:
CO»-insufflation colonoscopy, M-H: Mantel-Haenszel.

WE Control Mean Difference Mean Difference

_Study or Subgroup Mean SD Total Mean SD Total Weight [V. Random, 95% CI 1V, Random, 95% CI

1.6.1 WE vs Al

Cadoni 52015 25 2 186 41 27 193 105%  -1.60[-2.08,-1.12] -

Cadoni S2015-1 31 24 105 52 3 103 93%  -2.10[-2.84,-1.36] -/

Hsieh YH2014 14 24 90 36 3 90 90% -220[-2.99,-1.41] o

Hsieh YH2016 1.7 26 217 39 31 217 10.2% -2.20[-2.74, -1.66] -

JiaH2016 29 13 1653 36 1.2 1650 115%  -D.70[-0.79,-0.61] =

Luo H2013 2118 55 46 17 55 97% -250[-3.15,-1.85] e

Wang X2015 11 14 99 29 2 93 106%  -1.80[-2.25,-1.35] =

Subtotal (95% CI) 2405 2406 T70.7%  -1.84[-2.53. -1.16] "

Heterogeneity: Tau* = 0.78; Chi* = 109.08, df = 6 (P < 0.00001); I* = 94%
Test for overall effect: Z =5.25 (P < 0.00001)

1.6.2WE vs WI

Cadoni $2015-1 31 24 105 32 24 103 97%  -0.10[-0.75,0.55] = T
Hsieh YH2014 14 24 90 2527 90 9.2% -1.10[-1.85,-0.35] =
Hsieh YH2016 17 26 207 24 27 217 104%  -0.70[-1.20,-0.20] ==
Subtotal (95% Cl) 412 40 293%  -0.62[-1.14,-0.10] &>

Heterogeneity: Tau®* =0.11; Chi*=4.13, df =2(P = 0.13); * =52%
Test for overall effect: Z = 2.34 (P = 0.02)

Total (95% €I} 2817 2816 100.0%  -1.48 [-1.98, -0.98] >
Heterogeneity: Tau? = 0.57; Chi* = 114.86, df = 9 (P < 0.00001); I* = 92% y .
Test for overall effect: Z =577 (P < 0.00001)

Test for subaroup differences: Chi*=7.76. df =1 (P = 0.005). F=87.1%

Control WE

Figure 7. Comparison between WE and control groups in relation to maximal pain score during insertion.
Forest plot showing mean difference (MD) with 95% confidence interval (Cl). df: degrees of freedom, WI:
water immersion colonoscopy, Al: air-insufflation colonoscopy, WE: water-exchange colonoscopy, CO,:
COs-insufflation colonoscopy, IV: inverse variance.
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WE Control Odds Ratio ©Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H. Fixed. 95% ClI M-H. Fixed. 5% ClI
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Test for overall effect Z =140 (P =0.16)
1.1.3 WE vs CO2
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Figure 8. Comparison between WE and control groups in relation to cecal intubation rate. Forest plot
showing odds ratio (OR) with 95% confidence interval (Cl). df: degrees of freedom, WI: water immersion
colonoscopy, Al: air-insufflation colonoscopy, WE: water-exchange colonoscopy, CO,: CO,-insufflation

colonoscopy, M-H: Mantel-Haenszel.

patients undergoing scheduled, unsedated
colonoscopy.* Our analysis indicated that
WE significantly reduced the maximal pain
on insertion, based on visual analog scale
(0 =none,10 = maximum) pain scores. WE
might thus allow the completion of difficult
colonoscopy procedures, e.g., in patients
with a history of abdominal surgery and
those referred for prior incomplete colonos-
copy, and may decrease the maximal dis-
comfort during colonoscopy in these
patients. This study thus further confirmed
that WE was a relatively comfortable
method in unsedated patients.*® Finally,
our meta-analysis also showed that WE

was associated with higher patient satisfac-
tion than the control techniques, suggesting
that WE might be a popular choice for
patients in the future .

All the studies included in this compre-
hensive meta-analysis were high-quality
RCTs with consistent diagnostic criteria.
However, there were still some limitations.
Notably, the included studies were per-
formed in different races and ethnic
groups. Furthermore, differences in experi-
mental design, numbers of patients in the
control groups, and outcome measurements
led to large heterogeneities among the
included studies in terms of maximal pain
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1.9.1 WE vs Al
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Hsieh YH2014 99 04 20 8.7 07 80 82.1%  0.20[0.03, 0.37] ,
Subtotal (95% CI) 195 193 83.7% 0.19 [0.02. 0.35]

Heterogeneity: Chi* = 1.65, df = 1 (P = 0.20); I = 39%
Test for overall effect: Z = 2.20 (P = 0.03)

1.9.2 WE vs CO2Z
Cadoni $2015-1 54 48 104

Cadoni S2016-1 96 08 79 93 1.8 81
Subtotal (35% Cl) 183 186

Heterogeneity: Chi* =0.54, df=1 (P =046); F =0%
Test for overall effect: Z = 1.35 (P = 0.18)

Total (95% CI) 378
Heterogeneity: Chi* =2.31,df=3 (P=0.51) F=0%
Test for overall effect: Z = 2.56 (P = 0.01)
Test for subaroun differences: Chi* =012 df=1 (P =073\ = 0%

56 46 105 1.4%
14.9%
16.3%

-0.20 [-1.47, 1.07)

379 100.0%

0.30 [-0.09, 0.69] =
0.26 [-0.12. 0.63] -
0.20 [0.05, 0.35] *
2 o 0 1 2
Contral WE

Figure 9. Comparison between WE and control groups in relation to patient satisfaction score. Forest plot
showing mean difference (MD) with 95% confidence interval (Cl). df: degrees of freedom, WI: water
immersion colonoscopy, Al: air-insufflation colonoscopy, WE: water-exchange colonoscopy, CO,:

CO»-insufflation colonoscopy, IV: inverse variance.

score during insertion, necessitating the use
of a random-effect model for this item,
which might have affected the results. In
addition, colonoscopy was divided into
insertion and withdrawal phases, with
some differences among studies in terms
of withdrawal procedure. Finally, relatively
few RCTs compared WE and CO,-insuffla-
tion colonoscopy.

In summary, WE is a promising colono-
scopic technique that can remarkably
increase the ADR and thus improve the
detection rate of interval cancer. WE can
also significantly increase the proportion
of painless unsedated colonoscopy proce-
dures and cecal intubation rate, and lower
the maximal pain score. However, there was
some heterogeneity among the included
studies, and more high-quality RCTs with
consistent outcome measurements are
needed to verify the clinical value of WE
in terms of maximal pain score during inser-
tion and to compare WE with CO,-insuffla-
tion colonoscopy.
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