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Abstract 
The growing popularity of water immersion is supported by its long history as an adjunct to air insufflation; after facilitating 
colonoscope passage, the infused water is conveniently removed during withdrawal. Water exchange, a modification of 
water immersion to minimize discomfort in scheduled unsedated patients in the U.S. is new. Even though it may be 
superior in reducing pain and increasing adenoma detection, the paradigm shift to complete exclusion of air during 
insertion necessitates removal of infused water containing residual feces, a step often perceived as laborious and time-
consuming. The nuances are the efficient steps to remove infused water predominantly during insertion to maintain 
minimal distension and deliver salvage cleansing. Mastery of the novel maneuvers with practice returns insertion time 
towards baseline. In this observational study the impact of direct verbal coaching on the primary outcome of intention-
to-treat cecal intubation was assessed. The results showed that 14 of 19 (74%) experienced colonoscopists achieved 
100% intention-to-treat cecal intubation. Initiation of the examination with water exchange did not preclude completion 
when conversion to the more familiar air insufflation method was deemed necessary to achieve cecal intubation (total 
98%). The overall intention-to-treat cecal intubation rate was 88%, 90% in male and 87% in female. Only 2.7% of bowel 
preparation was rated as poor during withdrawal. The mean volume of water infused and cecal intubation time was 1558 
ml and 18 min, respectively. Direct coaching appears to facilitate understanding of the nuances of the water exchange 
method. Studies of individual learning curves are necessary. 
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Introduction 
Water-aided methods for minimizing colonoscopy discomfort 
are distinguished by the timing of removal of the infused water.1-

3 With water immersion, an established adjunct to air insuffla-
tion since at least 1984,4 infused water is conveniently removed 
predominantly during withdrawal.5-18 With water exchange, a 
novel approach without use of air insufflation, infused water 
is removed predominantly during insertion. Recent reviews of 
randomized controlled trials (RCT) comparing air insufflation 
with water immersion or water exchange1,2 generated provocative 
discussions.3 Both water immersion and water exchange produce 
significantly less discomfort during colonoscopy compared 
with air insufflation; water exchange may be superior to water 
immersion in minimizing colonoscopy discomfort1,3,19 and in 

increasing adenoma detection rate (ADR).2,3,19 Water immer-
sion as an adjunct to air insufflation is relatively easy to apply. 
On the other hand, water exchange with the paradigm shift to 
complete exclusion of air during insertion entails a new set of 
maneuvers.3,20-23 In this observational study we discuss the result 
of direct coaching of a group of experienced colonoscopists in the 
water exchange method. We test the hypothesis that complete 
insertion to the cecum with water exchange guided by a knowl-
edgeable trainer is achievable.

Method
Experienced overseas and U.S. colonoscopists interested in 
understanding the practice of water exchange were recruited 
(April 2011 to December 2011). At their respective practice sites 
they inserted the colonoscope in the presence of the trainer. The 
experienced colonoscopists had the discretion to convert to usual 
(more familiar) air insufflation if there was insertion difficulty. 
The primary outcome was water exchange method intention-to-
treat cecal intubation. The trainer provided continuous verbal 
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instructions to aspirate all residual air from the colonic lumen, 
abut the tip of colonoscope against the slit-like lumen ahead, 
infuse water to confirm location of the lumen for advancement, 
suction infused water to clear the view and maintain minimal 
distension of the colonic lumen, and recognize the appendix 
opening, ileocecal valve or red suction marks in the cecum.3,20-23 
A data sheet was used to keep track of demographic and proce-
dure-related variables during the examination.

Results
Patient demographic and procedure-related variables are shown 
in table 1. Highlights of the results showed that 14 of 19 (74%) 
colonoscopists achieved 100% intention-to-treat cecal intuba-
tion with the water exchange method. The overall intention-to-
treat cecal intubation rate was 88%, 90% in male and 87% in 
female patients. The proportion of patients completing without 
sedation was 8%. The proportion of patients with rating of poor 
bowel preparation on withdrawal was 2.7%. The mean (SD) 
volume of water infused was 1558 (1000) ml. The mean (SD) 
cecal intubation time was 18 (9) min. The total cecal intubation 
rate was 98%, inclusive of those completing after converting to 
the more familiar air insufflation method (10%).

Discussion
Air insufflation as the principal modality to aid insertion has been 
practiced since the invention of the flexible colonoscope. When 
discomfort limited cecal intubation, sedation was introduced in 
the U.S. and elsewhere to facilitate insertion. Abdominal com-
pression, patient position change and loop reduction have been 

recommended for a long time to enhance success of cecal intuba-
tion.24 Water immersion as an adjunct to air insufflation was first 
described in the U. S. by Falchuk et al.4 Subsequent variations5-8 
were summarized in a recent review.25 The strength of water 
immersion rests with the ability to enhance navigation through 
difficult diverticular segments,4 speed arrival to the splenic flex-
ure5 or cecum7 and to minimize insertion discomfort.6,7 Water 
immersion is relatively easy to apply as the colonoscopist retains 
the discretion to employ the more familiar modality of air insuf-
flation throughout the examination. When water immersion was 
used in RCT authors either did not report the need for train-
ing6-8,11,13,16,17 or described practice in 3012 to 4018 cases prior to 
the start of randomization.

Cecal intubation failure due to pain in scheduled unsedated 
colonoscopy without back up sedation at one Veterans Affairs 
site in the U.S.26-28 gave rise to the observation that insufflated 
air was the culprit precipitating failure due to insertion pain. To 
overcome the avoidable colonic elongation produced by insuf-
flated air the fundamental research question was whether cecal 
intubation could be achieved without any air insufflation.29 
Water immersion was identified as a promising method25 for 
modification to develop the needed novel approach. The air 
pump was turned off to obviate inadvertent air insufflation.30,31 
Suction removal of residual air was initially employed in the 
rectal sigmoid location,32 and later extended to all air pockets to 
minimize angulations at the flexures and redundant segments.21

Proponents of the water exchange method performed obser-
vational studies in32,43,44 and 63 veterans who received full,31 half 
dose,31 on demand30 or no20 sedation, respectively, to perfect the 
water exchange maneuvers before embarking on comparisons 

Table 1  Demographic variables, primary outcome and secondary outcomes

Demographic variables
Number of experienced colonoscopists 5 overseas, 14 United States (in 2011)

Number of patients examined 75

Number of cases per colonoscopist (range) 1 to 11

Age of patients (years) 57 (10)

Indications Screening 37; other 38

Primary outcome

Intention-to-treat cecal intubation rate 66 of 75 (88%)

Intention-to-treat cecal intubation rate in males 46 of 51 (90%)

Intention-to-treat cecal intubation rate in females 20 of 24 (87%)

Range of Intention-to-treat cecal intubation rate (N=number of colonoscopists, n = 
number of coached cases)

0% (N=2, n=1 each)
50% (N=1, n=4)
70% (N=1, n=10)
82% (N=1, n=11)

100% (N=14, n=range 1 to 11 cases)

Secondary outcomes

Overall cecal intubation rate 98%

Cecal intubation time (min) 18 (9)

Number with poor prep during withdrawal 2 (2.7%)

Number requiring abdominal compression 19 (25%)

Number requiring position change 12 (16%)

Proportion completing without sedation 6 (8%)

Volume of water used (ml) 1558 (1100)
Data are expressed as frequency count, percent of total, and mean (SD)
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using RCT.33-35 The  earliest description of the method identi-
fied as "water in lieu of air" to emphasize the absence of air 
insufflation, however, appeared to have fallen short of fully 
conveying the nuances of the novel approach of water exchange. 
Several well-meaning concerns were expressed by colonoscopists 
who had not experienced the water exchange maneuvers.3 For 
example, technical details including suction removal of the 
dirty water and replacement with clean water were deemed too 
time-consuming when there was production pressure.18 Poor 
visualization due to suspended residual feces in the luminal water 
elicited the response of rescue by air insufflation12,18 instead of 
water exchange to remove debris. Other experienced colonosco-
pists reported that infusion of a limited volume of water during 
insertion followed by removal during withdrawal was adequate 
in reducing discomfort,8,11,16 obviating any need for further 
modification of water immersion. Indirect coaching (e-mail and 
telephone discussions of methodological references) coupled with 
self-monitored training followed by optimal attainment of cecal 
intubation after 50-100 cases36 led one experienced colonosco-
pist to observe that the water exchange method was “relatively” 
easy to learn but did require practice.36 The observational study 
revealed that mastery of the method resulted in cecal intubation 
rates and overall ADR meeting quality performance standards in 
sedated veterans.36 A follow up RCT demonstrated a significant 
increase in ADR, particularly in the proximal colon, compared 
with air insufflation.37

The current report describes the process and outcome of 
direct coaching of experienced colonoscopists in the nuances 
of the novel approach by a proponent of the water exchange 
method. The process appeared to expedite the transfer of the 
necessary skills relatively effectively (in only a few cases each) 
with successful intention-to-treat cecal intubation in the major-
ity of the training sessions. As previously reported36 practice 
insertion using the novel approach did not preclude completion 
with air insufflations.

One limitation of the current observational study was that 
the clinical schedules of the trainer and participants precluded 
comparable number of cases performed by each experienced 
colonoscopist. Direct coaching is also time-consuming for the 
trainer. Since all the participants had to manage a totally new 
set of maneuvers, it was not surprising that the documented 
insertion times were longer than their usual insertion times with 
air insufflation. Anecdotally, participating colonoscopists also 
described departure from established maneuvers of air insuffla-
tion as challenging. Further studies documenting the learning 
curve of the water exchange method in individual colonoscopist 
will be instructive. The direct communication of the nuances of 
the water exchange method lessens the possibility of misinter-
pretation of the novel approach as just another version of “water 
immersion” to augment air insufflation. Such an interpretation 
may account for the discrepancies in findings summarized in 
recent reviews.1,2,19

The benefit of significantly reduced patient discomfort may 
be immediately relevant in cultural settings where unsedated 
colonoscopy or minimally sedated colonoscopy is practiced. In 
settings where advanced sedation is the norm, pain reduction 

offered by water exchange may not be a sufficient incentive for its 
incorporation into practice. Overseas investigators reported that 
traditional colonoscopy failed to reduce colorectal cancer mortal-
ity in the right colon as effectively as in the left colon.38-40 The 
most recent assessments of epidemiologic data in the U.S.41,42 
have confirmed these shortcomings of traditional colonoscopy. 
The possible increase in ADR by water exchange especially in 
the proximal colon suggests that production pressure which has 
been linked to jeopardized colonoscopy quality43 need not be the 
sole justification for overlooking methodological details of water 
exchange.

In conclusion the data in this observational study provide 
the proof-of-principle confirmation that understanding of the 
nuances of the water exchange method can be acquired effi-
ciently by direct coaching during hands on practice. 
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