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INTRODUCTION: Water-assisted colonoscopy increases left colon mucus production; however, the effect of saline on

mucus production is unclear. We tested the hypothesis that saline infusion may reduce mucus

production in a dose-related manner.

METHODS: In a randomized trial, patientswere assigned to colonoscopywithCO2 insufflation, water exchange (WE)

with warm water, 25% saline, or 50% saline. The primary outcome was the Left Colon Mucus Scale

(LCMS) score (5-point scale). Blood electrolytes were measured before and after saline infusion.

RESULTS: A total of 296 patients with similar baseline demographics were included. The mean LCMS score for WE

withwaterwas significantly higher than that forWEwith saline andCO2 (1.460.8 [WEwater] vs0.760.6

[WE25%saline] vs0.560.5 [WE50%saline] vs0.260.4 [CO2]; overallP<0.0001),withno significant
difference between the 25% and 50% saline groups. The left colon adenoma detection rate (ADR) was

highest in the 50% saline group, followed by the 25% saline and the water groups (25.0% vs 18.7% vs

13.3%), but the difference was not significant. Logistic regression showed water infusion as the only

predictor ofmoderatemucus production (odds ratio 33.3, 95%confidence interval 7.2–153.2).No acute

electrolyte abnormalities were documented indicating a safe modification.

DISCUSSION: The use of 25% and 50% saline significantly inhibited mucus production and numerically increased

ADR in the left colon. Evaluation of the impact of mucus inhibition by saline on ADR may refine the

outcomes of WE.
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INTRODUCTION
Water-assisted colonoscopy (WAC) reduces insertion discomfort,
facilitates cecal intubation in non-sedated or minimally sedated
patients, enhances completion in challenging cases, and allows
more complete resection of nonpedunculated lesions (1–5).
Therefore, it is recommended that endoscopists become familiar
with WAC during their clinical training (6,7). Water exchange
(WE) colonoscopy, one of the WAC techniques, maximizes colon
cleanliness during insertion and improves mucosal inspection
during withdrawal, increasing the adenoma detection rate (ADR)

and reducing the adenoma miss rate (AMR) (8–11). WE has been
endorsed to increase the ADR in clinical practice (12–14).

In WE, colonoscope withdrawal is performed with gas in-
sufflation. Total underwater colonoscopy, anotherWAC technique,
applies water infusion with partial removal during insertion, and
withdrawal is also performed with a water-filled lumen (15). The
authors observed that the infusion of large amounts (.1,600mL) of
room temperature water induced colon mucus production, with
mucus causing distraction during withdrawal inspection and po-
tentially contributing to a higher AMR (15). An observational study
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reported that WAC with room temperature normal saline (NS)
reducedmucusproduction (16).Whethermucus production canbe
minimized by altering the salt content or temperature of the water
should be investigated.

Wehypothesized that saline infusion reducesmucus production
in a dose-dependentmanner.We aimed to evaluate the use ofwarm
saline solutions forWE colonoscopy and compare differences in left
colon mucus production in patients undergoing warm water–
infused WE and standard CO2 insufflated colonoscopy.

METHODS
Between August 2021 and March 2022, we conducted a pro-
spective randomized controlled trial (RCT) to compare the effects
of WE performed under various conditions on left colon mucus
production. The study was approved by the institutional review
board and was registered at ClinicalTrials.gov (NCT04769739).
All patients provided written informed consent. This study is
presented according to the Consolidated Standards of Reporting
Trials guidelines for reporting RCTs.

Patients

Adults aged 20–75 years undergoing colonoscopy for screening,
surveillance, or positive fecal immunochemical tests were
recruited. Exclusion criteria included hereditary colorectal cancer
syndrome, inflammatory bowel disease, previous colorectal re-
section, therapeutic colonoscopy, American Society of Anesthe-
siology classification of patient physical status grade III or higher,
and refusal to provide written informed consent.

WE-infused solutions and randomization

We used sterile water, 25% saline (250 mL NS 1 750 mL sterile
water), and 50% saline (500mLNS1 500mL sterile water) forWE
infusion. All infusates were warmed to 32°C and stored in a 1,000
mL container (for the purpose of blinding). The participants were
randomized to undergo colonoscopy insertion with CO2 in-
sufflation, WE with water, 25% saline, or 50% saline. Randomi-
zation was computer generated using a random-block size (4 or 8)
to maintain concealed allocation and stratified by colonoscopists.
Sealed, opaque envelopes for each participant were opened at the
time of the procedure.

Study procedures

Split-dose bowel preparation with polyethylene glycol, moderate
sedation (fentanyl and midazolam), and standard colonoscopes
(CF-Q260AL/I; Olympus Medical Systems, Tokyo, Japan) were
used. Colonoscopies were performed by 2 experienced colono-
scopists (C.-L.C. and Y.-L.K.). CO2 insufflation was used for the
CO2 group and during withdrawal in the WE groups. In the WE
groups, the air pump was turned off, and the colon was irrigated
with warm fluid using a flushing pump (Olympus AFU-100)
during insertion as previously described (8–11). The colon was
cleansed to reproduce the large amounts of infusedwater (.1,600
mL) in the total underwater colonoscopy study (15). Three
stopwatches were used to record the time taken for cleansing,
inspection, and polyp treatment during withdrawal. A difficult
colonoscopy was defined as a colonoscopy in which the colono-
scopist had difficulty getting through the entire colon, and con-
siderable efforts were required to reach the cecum, including
multiple attempts to change the abdominal pressure and patient
position (17,18).

The following information was collected: bowel preparation
quality (Boston Bowel Preparation Scale score) (19), volume of fluid
infused and suctioned during insertion and withdrawal, insertion
and withdrawal times, and polyp number, size, histology, and loca-
tion. Moreover, serum sodium, chloride, and potassium levels were
measured 15 minutes before and 60 minutes after the procedure in
theWE saline group to detect any. The timing of blood tests allowed
detecting the acute effect of saline infusion, if present.

Mucus scores

Mucus production was evaluated during real-time colonoscopy
withdrawal by the colonoscopist who performed the procedure
and a research assistant. Both blinded observers independently
rated the amount of mucus in the left colon (descending colon,
sigmoid colon, and rectum) with a 5-point Left Colon Mucus
Scale (LCMS) score (Figure 1): score 0: no visible mucus, score 1:
clear mucus, score 2: opaque mucus in thin strands, score 3:
opaque mucus in thicker clumps covering one side of the surface,
and score 4: opaque mucus in thick clumps covering more views
of the lumen. The raters validated the method by reviewing and
discussing 10 videos to reach a consensus. The raters also guessed
the fluid used during WE insertion. Blinding was considered
successful if#67% of guesses were correct (20).

Study outcomes

The primary outcome was the average LCMS score rated by the
colonoscopist and assistant. Mucus was considered a plausible
source of interference during inspection (15), although there are
no published data supporting this hypothesis. Our preliminary
data (see Supplementary Table, SupplementaryDigital Content 1,
http://links.lww.com/CTG/A939) showed that the LCMS score in
the WE water group was 1.88 6 0.78. We postulated that the
LCMS score $2, that is, presence of any opaque mucus, was
clinically significant with the ability to obscure inspection.

Secondary outcomes included changes in the serum electro-
lytes in the saline groups, ADR (percentage of patients with
$1 adenoma), and clinically significant serrated polyp (CSSP)
detection rate (percentage of patients with$1 CSSP). Adenomas
included tubular, villous, and tubulovillous adenomas. CSSPs
included all sessile serrated adenomas/polyps, traditional serrated
adenomas, hyperplastic polyps $10 mm in the colon, or hyper-
plastic polyps $6 mm in the proximal colon (colon segment
proximal to the left colon) (21).

Sample size calculation

Our preliminary data suggested that the proportion of partici-
pants with LCMS score,2 would be 50% in theWEwater group.
The sample size needed to showan increase to 80% in theWE50%
saline group, and a 5% alpha error level with 90% power would be
68 patients per group. To account for dropouts, 300 patients (75
per group) were enrolled.

Statistical analysis

Categorical variables are presented as numbers (percentages) and
continuous variables as means and standard deviations. Overall
P values for categorical and continuous parameters were obtained
using the Fisher exact test and the Kruskal-Wallis test, re-
spectively. Pairwise comparisons were performed when the
overall group effect was significant. The permutation resampling
method for the Fisher exact test and the Dwass-Steel-Critchlow-
Fligner method for the Kruskal-Wallis test were applied for the

Clinical and Translational Gastroenterology VOLUME 14 | JULY 2023 www.clintranslgastro.com

EN
D
O
SC

O
P
Y

Cheng et al2

http://ClinicalTrials.gov
http://links.lww.com/CTG/A939
http://www.clintranslgastro.com


adjusted P values on pairwise comparisons. Agreement between
the blinded raters was tested with Fleiss k. Univariate logistic
regression analysis was performed to determine which of the

demographic and procedural data were potential predictors of
moderate mucus production (LCMS score $2). Factors with
P value ,0.1 on univariate analysis were analyzed with

Figure 1. Left ColonMucus Scale score: (a) no visiblemucus (score 0), (b) clearmucus (score 1), (c) mild opaquemucus presenting as thin strands (score 2),
(d) moderate opaquemucus presenting as thicker clumps covering one side of the surface (score 3), and (e) more opaquemucus presenting as thick clumps
covering more views of the lumen (score 4).

Figure2.Flowdiagramofenrollment, interventionallocation,andexclusion.ASA,AmericanSocietyofAnesthesiology;CRC,colorectalcancer;WE,waterexchange.
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multivariate logistic regression analysis. Odds ratio with 95%
confidence interval (CI) was used to describe the influence of
various factors onmucus production. All statistical analyses were
performed using SAS, version 9.4 (SAS Institute, Cary, NC). A
P value,0.05 was considered significant.

RESULTS

Patient demographics

Patient enrollment, allocation, and exclusion are shown in Figure 2.
Overall, 301 patients were randomized. Five were excluded due to
failed cecal intubation (n5 2), colorectal cancer obstruction (n5 2),

andpoor bowel preparation (n5 1). In total, 296 patients completed
the study (WE water group5 75, WE 25% saline group5 75, WE
50% saline group5 76, and CO2 group5 70). Table 1 summarizes
the demographic features and procedure indications of the 4 groups.
No significant differences were noted in baseline data.

Primary outcome

The LCMS scores are presented in Table 2. The mean combined
LCMS score was highest in the WE water group, followed by the
25% saline, 50% saline, and CO2 groups (1.46 0.84 [WE water],
0.76 0.63 [WE 25% saline], 0.56 0.50 [WE 50% saline], and 0.2

Table 1. Demographic details and procedure indications

Full analysis seta Study groups

Overall P valueVariable CO2 (n 5 70) WE water (n5 75) WE 25% saline (n 5 75) WE 50% saline (n5 76)

Female, n (%) 37 (52.9) 32 (42.7) 38 (50.7) 43 (56.6) 0.3771

Age, yr, mean (SD) 51.2 (10.0) 51.4 (10.7) 52.0 (10.9) 53.0 (11.5) 0.8346

Body mass index, kg/m2, mean (SD) 25.0 (4.0) 24.9 (3.5) 24.6 (3.1) 24.8 (4.2) 0.8677

Previous abdominal surgery, n (%) 29 (41.4) 22 (29.3) 19 (25.3) 28 (36.8) 0.1607

Family history of colorectal cancer, n (%) 4 (5.7) 4 (5.3) 3 (4.0) 2 (2.6) 0.7822

Indications for colonoscopy, n (%) 0.9955

Screening 41 (58.6) 46 (61.3) 42 (56.0) 43 (56.6)

Surveillance 24 (34.3) 24 (32.0) 27 (36.0) 28 (36.8)

Positive fecal immunochemical test 5 (7.1) 5 (6.7) 6 (8.0) 5 (6.6)

WE, water exchange.
aAnalyses performed in the full analysis set considered the intention-to-treat principle and considered patients’ allocations to the study groups as randomized.

Table 2. Left colon mucus production and related data

Variable CO2 (n5 70)

WE water

(n5 75)

WE 25%

saline

(n5 75)

WE 50%

saline

(n5 76)

P value

Overall

Water vs

50% saline

Water vs

25% saline

25% saline vs

50% saline

Combined LCMS scorea by blinded

observers, mean (SD) [95% CI]

0.2 (0.38)

[0.10–0.28]

1.4 (0.84)

[1.23–1.61]

0.7 (0.63)

[0.52–0.81]

0.5 (0.50)

[0.38–0.62]

,0.0001 ,0.0001 ,0.0001 0.4325

LCMS score by endoscopists,mean

(SD) [95% CI]

0.2 (0.46)

[0.12–0.34]

1.3 (0.92)

[1.13–1.56]

0.7 (0.66)

[0.53–0.83]

0.5 (0.55)

[0.39–0.64]

,0.0001 ,0.0001 ,0.0001 0.4582

LCMS score by the study assistant,

mean (SD) [95% CI]

0.2 (0.40)

[0.06–0.25]

1.5 (0.84)

[1.30–1.69]

0.7 (0.69)

[0.50–0.81]

0.5 (0.58)

[0.35–0.62]

,0.0001 ,0.0001 ,0.0001 0.4940

Patientswith LCMS score,2, n (%) 70 (100) 43 (57.3) 69 (92.0) 74 (97.4) ,0.0001 ,0.0001 ,0.0001 0.4640

Patientswith LCMS score$1, n (%) 8 (11.4) 59 (78.7) 36 (48.0) 26 (34.2) ,0.0001 ,0.0001 0.0010 0.3140

Patients with moderate mucus

production (LCMS score$2), n (%)

0 (0) 32 (42.7) 6 (8.0) 2 (2.6) ,0.0001 ,0.0001 ,0.0001 0.4640

Patients who required additional

mucus cleansing during

withdrawal, n (%)

0 (0) 5 (6.7) 2 (2.7) 0 (0) 0.0136 0.0320 0.7040 0.4440

Correct guess of infused fluid by

colonoscopists, n (%)

NA 47 (62.7) 39 (52.0) 28 (36.8) 0.0062 0.0030 0.3810 0.1210

Correct guess of infused fluid by

study assistant, n (%)

NA 60 (80.0) 55 (73.3) 40 (52.6) 0.0009 0.0010 0.6810 0.0270

CI, confidence interval; LCMS, left colon mucus scale; NA, not available; WE, water exchange.
aThe combined LCMS score was the average of scores by the blinded colonoscopist and study assistant.
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6 0.38 [CO2]; overall P, 0.0001) (Figure 3). However, the mean
LCMS score was not significantly different between the WE 25%
and 50% saline groups (P 5 0.4325). The details of LCMS score
distribution are shown in Supplementary Table (see Supple-
mentary Digital Content 2, http://links.lww.com/CTG/A939).
The proportion of patients with moderate mucus production was
significantly higher in the WE water group than in the saline
groups (42.7% [WEwater] vs 8.0% [WE 25% saline] vs 2.6% [WE
50% saline], overall P , 0.0001). In the WE water group, sig-
nificantly more patients required additional mucus cleansing
during withdrawal than those in the WE 50% saline group (6.7%
vs 0%, P5 0.032). Statistical details of pairwise comparisons are
shown in Supplementary Table (see Supplementary Digital
Content 3, http://links.lww.com/CTG/A939).

Agreement among blinded observers was substantial (Fleiss k
0.636, 95% CI 0.560–0.713, P , 0.0001) (see Supplementary
Table, Supplementary Digital Content 4, http://links.lww.com/
CTG/A939). Correct guesses by colonoscopists regarding fluid
used during WE insertion were ,67% in all groups, indicating
adequate blinding.

Secondary outcomes

Procedure and polyp detection data are summarized in Table 3.
The total procedure time was comparable, and the volumes of
fluid infused and aspirated during WE insertions were similar.
WE showed a significantly longer insertion time and significantly
shorter withdrawal cleansing time than CO2. Withdrawal in-
spection time was significantly longer in the CO2 than in the WE
groups. The overall adenoma and CSSP data were not signifi-
cantly different among the 4 groups. The left colon ADR was
highest in theWE50% saline, followed byWE25% saline andWE
water group (25.0% vs 18.7% vs 13.3%), but the difference did not
reach statistical significance. There was a significant difference in
overall ADR between the 2 participating endoscopists (see Sup-
plementary Table, Supplementary Digital Content 5, http://links.
lww.com/CTG/A939). Multivariate logistic regression analysis
showed that WE with water infusion was the only predictor of
moderate left colon mucus production (odds ratio 33.3; 95% CI
7.2–153.2) (Table 4). Acute abnormal serum sodium, chloride,
and potassium levels were not observed in the WE saline groups
(Table 5).

DISCUSSION
The American Society of Gastrointestinal Endoscopy recom-
mends using sterile water during endoscopy, particularly in im-
munocompromised patients (22). Sterile water is infused during
WE, and its use in safely maintaining serum electrolytes has been
demonstrated (23,24). However, increased mucus production in
the left colon has been reported with total underwater colono-
scopy using room temperature water (15). This could impair
mucosal visualization, potentially contributing to an overall
higher AMR. Furthermore, NS may reduce mucus production
(16), an observation that warrants further evaluation.

This RCT used the LCMS score to evaluate whether warm
water could increase mucus production and whether the use of
warm 25% and 50% saline could significantly reduce mucus
production and decrease the proportion of patients requiring
additional cleansing for mucus removal. To the best of our
knowledge, this study is the first to compare the effects of different
warm infusates for WE colonoscopy on mucus in the left colon.
Our findings suggest that the use of 25% and 50% saline can
significantly reduce the LCMS score.

The novelty of our study lies in the fact that it compared all
strategies used during WE colonoscopy. In multivariate logistic
regression, only water was an independent predictor of mucus
production. Our observations are similar to those in the total
underwater colonoscopy study (15) suggesting that water tem-
perature was not the determining factor. Consistent with the
previous finding with NS (16), we showed that mucus production
could be inhibited by 25% and 50% saline solutions.

The use of sterilewater in lengthy and large-volumeunderwater
duodenal mucosal resection (2.5-hour therapy with intra-
procedural infusion of 5 L of water) has been associated with water
intoxication initiated by the absorption of infused water that leads
to dilutional hyponatremia (25). This complication has been rarely
reported in gastroenterology but is a well-known complication of
transurethral resection of the prostate (26). The risk of water in-
toxication with transurethral resection of the prostate has been
largely eliminated by replacing water with NS (26). Similarly, NS
and 50% saline are being used for many underwater endoscopic
therapies of the gastrointestinal tract (27–32).

The mucolytic mechanism of NS involves reducing the en-
tanglement of themucus gel, thereby reducing the active degree of
crosslinking and lowering mucus viscosity (33).

Although not statistically significant, our data implied that
50% saline is superior to 25% saline in eliminating mucus pro-
duction. Both can be used and the choice will depend on conve-
nience and availability.

The use of NS may result in channel damage within endo-
scopes (16).We heeded this advice and tested 25% and 50% saline
instead. However, there are no objective data to support the
possibility of channel damage by salt-containing solutions (34).
Furthermore, under current high-level infection control pro-
cesses (22), obstruction of any endoscope channel seems unlikely.

In this study, difficult colonoscopy was associated with a
LCMS score$2 in the univariate analysis. Difficult colonoscopy
cases usually occur in the left colon and involvemultiple attempts
of transabdominal compression and changes in the patient po-
sition (17,18). A prolonged insertion time (.10 minutes) has
been used to define a difficult colonoscopy during air insufflation
insertion (35), but the corresponding threshold for WE colono-
scopy is unclear. We speculate that increased left colon mucus
production may result from increased friction between the

Figure 3. Mean combined Left Colon Mucus Scale score of each study
group. WE, water exchange.
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instrument and mucosa and greater amounts of fluid instilled
during difficult insertion; these fluids tend to accumulate in the
left colon, the dependent part of the colon when the patient is the
left decubitus position. On the contrary, the right colon is in a
higher position and less friction occurs there, which may explain
why mucus production is less common in the right colon.

Our data suggest that mucus production does not influence
overall ADR during WE colonoscopy. We did not record polyp
detection after mucus cleansing. The small sample size was ade-
quate to show a difference in the mucus score but insufficient to
show significant differences in left colon ADR. Although not
statistically significant, the highest left colon ADR was observed
in the WE 50% saline group, followed by the WE 25% saline and
WE water groups. These results suggest that colon mucus may
obscure adenoma detection and warrants further investigation.

Contrary to previous studies (9–11), the ADR for the WE
groups was not higher than that of the CO2 group in this study.
This was probably due to a significantly longer withdrawal

inspection time in the CO2 group. Withdrawal inspection time is
known to directly affect the quality of colonoscopy and ADR
(12–14). For every 1minute increase inwithdrawal time, there are
6% higher odds of detecting an additional subject with an ade-
noma (36).

The inhibition of mucus production by saline in WE colo-
noscopy has implications in WE and artificial intelligence (AI).
Mucus as false positive has moderate-to-severe clinical relevance
in approximately 20% of cases (37,38). The strengths of AI and
water-infused WE complement the weaknesses of each other in
the optimization of polyp detection (39). Such interactions with
saline-infused WE should be studied further.

Our study has several strengths. First, this is the first RCT to
confirm the effect of saline on reduced left colon mucus pro-
duction in a dose-related manner. WAC may be challenging in
some cases, particularly when the procedure is deterred by excess
production of mucus in the colon. We compared 2 different
strengths of saline solution and found that 50% saline produced

Table 3. Colonoscopy procedure and detection data

Variable

Study group

Overall

P valueCO2 (n5 70)

WE water

(n5 75)

WE 25% saline

(n5 75)

WE 50% saline

(n5 76)

Cecal intubation rate, n (%) 70 (100) 75 (100) 75 (100) 76 (100)

Patients with difficult colonoscopy, n (%) 12 (17.1) 16 (21.3) 10 (13.3) 13 (17.1) 0.6506

Patients requiring the change of position, n (%) 27 (37.1) 16 (21.3) 16 (21.3) 21 (27.6) 0.1142

Patients requiring abdominal compression, n (%) 58 (82.9) 49 (65.3) 45 (60.0) 40 (52.6) 0.0009

Insertion time, min, mean (SD) 10.0 (6.0) 18.0 (6.2) 18.6 (9.1) 18.4 (7.1) ,0.0001

Withdrawal cleansing time, min, mean (SD) 4.2 (3.7) 2.5 (2.0) 2.7 (2.5) 2.1 (1.8) 0.0024

Withdrawal inspection time, min, mean (SD) 20.2 (6.4) 17.1 (5.4) 16.6 (5.4) 17.2 (5.3) 0.0005

Withdrawal treatment time, min, mean (SD) 3.3 (5.1) 3.1 (3.5) 2.5 (3.5) 3.2 (3.7) 0.2013

Total withdrawal time, min, mean (SD) 27.7 (9.7) 22.6 (7.8) 21.8 (7.9) 22.4 (8.5) ,0.0001

Total procedure time, min, mean (SD) 37.6 (11.4) 40.6 (10.6) 40.0 (12.8) 41.1 (11.6) 0.0740

Infused fluid during insertion, mL, mean (SD) 82.7 (199.7) 1,702 (587.1) 1,708 (840.2) 1,644 (612.4) ,0.0001

Aspirated fluid during insertion, mL, mean (SD) 183.4 (153.3) 1,643 (582.8) 1,641 (710.4) 1,552 (564.1) ,0.0001

Infused fluid during withdrawal, mL, mean (SD) 390.4 (369.8) 208.5 (240.7) 216.5 (329.9) 163.0 (230.3) ,0.0001

Aspirated fluid during withdrawal, mL, mean (SD) 378.0 (317.9) 296.7 (216.8) 327.1 (317.3) 256.2 (199.9) 0.3229

Overall BBPS score, mean (SD) 7.4 (0.8) 7.4 (0.8) 7.5 (0.8) 7.8 (0.9) 0.0633

Patients with excellent bowel preparation,a n (%) 21 (30.0) 23 (30.7) 31 (41.3) 35 (46.1) 0.1139

Overall ADR, n (%) [95% CI] 35 (50.0) [37.8–62.2] 31 (41.3) [30.1–53.3] 35 (46.7) [35.1–58.6] 41 (53.9) [42.1–65.5] 0.4674

Proximal colon ADR, n (%) [95% CI] 27 (38.6) [27.2–51.0] 26 (34.7) [24.0–46.5] 26 (34.7) [24.0–46.5] 33 (43.4) [32.1–55.3] 0.6533

Left colon ADR, n (%) [95% CI] 17 (24.3) [14.8–36.0] 10 (13.3)b [6.6–23.2] 14 (18.7) [10.6–29.3] 19 (25.0)b [15.8–36.3] 0.2392

Overall APC (SD) 1.1 (1.7) 1.0 (2.4) 0.8 (1.2) 1.0 (1.7) 0.4608

Proximal colon APC (SD) 0.8 (1.4) 0.8 (1.8) 0.5 (0.8) 0.8 (1.4) 0.6787

Left colon APC (SD) 0.3 (0.6) 0.2 (0.8) 0.3 (0.7) 0.3 (0.5) 0.2764

CSSP detection rate, n (%) [95% CI] 12 (17.1) [9.2–28.0] 10 (13.3) [6.6–23.2] 10 (13.3) [6.6–23.2] 9 (11.8) [5.6–21.3] 0.8467

Mean number of CSSP per colonoscopy (SD) 0.3 (0.9) 0.1 (0.4) 0.2 (0.5) 0.4 (1.8) 0.8268

ADR, adenoma detection rate; APC, adenoma per colonoscopy; BBPS, Boston Bowel Preparation Scale; CI, confidence interval; CSSP, clinically significant serrated polyp;
WE, water exchange.
aExcellent bowel preparation was defined as an overall BBPS score $8.
bP5 0.270 between WE water and WE 50% saline group.
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the least amount of mucus. Second, we tested warm water and
found that this also contributed to mucus production. Third, we
provided the first safety data regarding serum electrolyte levels
while performing WE with 25% and 50% saline. No acute elec-
trolyte change with saline infusion indicated a safe modification
ofWE. Fourth, we recorded the number of patients who required
additional mucus cleansing and the amount of fluid instilled
during withdrawal. We found that, in the saline groups, fewer

patients needed mucus cleansing, and less fluid was infused
during withdrawal, suggesting that WE with saline is a more
efficient procedure. Fifth, the correct guesses by the colono-
scopists regarding which fluid was used were less than 67% in all
groups, suggesting adequate blinding. Finally, the substantial
agreement between raters validated the reliability of the LCMS
scoring system.

Some limitations should be noted. The LCMS score used in
this study is a subjective evaluation of mucus production and has
not been previously validated, but the agreement between raters
was substantial indicating its reliability. We tested 25% and 50%
saline, although the preliminary data did not support a difference
between the groups. The 25% saline group was intended to be a
“control” group to show that some amount of saline is better than
none. Moreover, the nonsignificant difference between 25% and
50% saline was likely a type II error. Although we found that the
withdrawal cleansing time was not significantly different among
the 3WE groups, we did not record the time necessary for mucus
cleansing, partly because the cleansing of mucus and debris oc-
curred simultaneously. Moreover, we did not record whether
additional polyps were identified after the mucus was removed
and were unable to examine the impact of mucus on polyp de-
tection. The sample size calculation was based on the LCMS score
rather than the ADR, and thus, this study was underpowered for
assessing the left colon ADR. The question of mucus-obscured
polyp/adenoma requires evaluation in a properly designed trial
with adequate sample size. In addition to acute electrolyte changes,
other clinical outcomes, including cardiovascular events and he-
modynamic changes, should be examined to further evaluate the
use of saline infusion forWEcolonoscopy.The effect ofusing saline
in WE on polypectomy success and recurrence should be further
investigated. Finally, this is a single-center study; its generalizability
to other settings is unknown. These results were obtained from
experienced colonoscopists and would not be generalizable to
procedures performed by less experienced operators although
trainees can still benefit from learning WE.

In conclusion, this RCT with blinded raters confirmed that
25% and 50% saline infusion significantly reduced left colon
mucus production without interfering with serum electrolytes,
indicating a safe modification ofWE colonoscopy. The reduction
of mucus by saline for WE raises important questions regarding
the complementary relationship between AI and WE in en-
hancing polyp detection. Although not statistically significant,

Table 4. Multivariate logistic regression analysis of moderate mucus production in the left colon

Patients with a combined LCMS score ‡2 Univariate Multivariate

Variable OR (95% CI) P value OR (95% CI) P value

Female (male reference) 1.008 (0.558–2.120) 0.8040

Body mass index (for a 1 kg/m2 increment) 0.966 (0.880–1.060) 0.4655

Previous abdominal surgery 1.251 (0.626–2.497) 0.5262

Endoscopist (endoscopist 1 as reference) 1.272 (0.653–2.480) 0.4792

Difficult colonoscopy (nondifficult as reference) 2.374 (1.113–5.062) 0.0253 1.506 (0.495–4.586) 0.4709

Colonoscopy insertion time (for a 1 min increment) 1.068 (1.029–1.110) 0.0007 1.031 (0.954–1.115) 0.4390

Infused fluid volume during colonoscopy insertion (for a 100 mL increment) 1.095 (1.050–1.141) ,0.0001 1.048 (0.973–1.129) 0.2190

WE water group (WE 50% saline as reference) 27.535 (6.286–120.617) ,0.0001 33.273 (7.227–153.186) ,0.0001

CI, confidence interval; LCMS, Left Colon Mucus Scale; OR, odds ratio; WE, water exchange.

Table 5. Changes of serum electrolyte levels within the WE saline

groups

Variable

Study group

WE with 25%

saline (n 5 75)

WE with 50%

saline (n5 76)

Sodium

Precolonoscopy level,

mEq/L, mean (SD)

143.9 (2.9) 144.8 (2.0)

Postcolonoscopy level,

mEq/L, mean (SD)

142.8 (2.5) 143.6 (1.7)

Change during procedure,

mEq/L, mean (SD)

21.1 (1.9) 21.2 (1.2)

Chloride

Precolonoscopy level,

mEq/L, mean (SD)

102.4 (2.9) 103.0 (2.2)

Postcolonoscopy level,

mEq/L, mean (SD)

104.5 (2.6) 104.7 (1.9)

Change during procedure,

mEq/L, mean (SD)

2.1 (1.8) 1.7 (1.6)

Potassium

Precolonoscopy level,

mEq/L, mean (SD)

4.0 (0.3) 4.0 (0.3)

Postcolonoscopy level,

mEq/L, mean (SD)

4.1 (0.4) 4.1 (0.4)

Change during procedure,

mEq/L, mean (SD)

0.1 (0.4) 0.1 (0.4)

WE, water exchange.
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left colonADRwas numerically increased by 25% and 50% saline.
Evaluation of the impact of mucus by saline on the ADR may
refine the outcomes with WE.
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