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Abstract
AIM: To determine variations in colonoscopy real-time
insertion pain among investigators using three different
insertion techniques.

Informed consent statement: Patients agreed to the study by
written consent at enrollment, even if the analysis used anonymous
clinical data. For full disclosure, the details of the study are
published on the website of the Institution of the St. Barbara
Hospital under the section “Archivio Delibere” (Resolutions
Archive).
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METHODS: From March 2013 through June 2014, 18-85year-old diagnostic and 50-70-year-old screening patients
were enrolled at each center to on-demand sedation
colonoscopy with water exchange (WE), water immersion
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(WI) and insufflation with air or CO2 for insertion and
withdrawal [air or carbon dioxide (AICD)]. Data were
aggregated for analysis. Primary outcome: Variations
in real-time maximum insertion pain (0 = none, 1-2 =
discomfort, 10 = worst).

Introduction
Water exchange (WE) and water immersion (WI) are two
colonoscopy techniques that entail infusion of water to
distend the lumen during the insertion phase. Randomized
controlled trials (RCTs) have shown WE (airless insertion,
infused water aspirated predominantly during insertion
to clear the view and minimize distension) to have
considerable advantage in decreasing colonoscopy realtime maximum insertion pain when compared with WI
(water infused as adjunct to insufflation, and aspirated
predominantly during withdrawal without attempting to
[1-3]
maximize colon cleanliness during insertion) and air
[3,4]
or carbon dioxide insufflation . WE is a relatively new
technique, and requires new maneuvers not entirely
[5]
intuitive to colonoscopists . In spite of this, in a previous
[6]
report focused on individual investigators’ performance ,
WE has shown reproducibility and repeatability in
decreasing maximum insertion pain, usually not reported
in RCTs. Some of the factors associated with difficult
colonoscopy (e.g., prior abdominal surgery, low body
mass index) and insertion pain are favorably influenced by
[2,3,7,8]
WE
.
We assessed the performance of individual inve
stigators in three recently completed RCTs in a multin
ational setting, to determine whether the effect of WE in
reducing real-time maximum insertion pain is reproducible
across investigators and what factors (e.g., use of adjunct
maneuvers of loop reduction and abdominal compression,
insertion time, etc.) might contribute to variations among
them.

RESULTS: One thousand and ninety-one cases analyzed: WE

(n = 371); WI (n = 338); AICD (n = 382). Demographics
and indications were comparable. The WE group had the
lowest real-time maximum insertion pain score, mean
(95%CI): WE 2.8 (2.6-3.0), WI 3.8 (3.5-4.1) and AICD 4.4
(4.1-4.7), P < 0.0005. Ninety percent of the colonoscopists
were able to use water exchange to significantly decrease
maximum insertion pain scores. One investigator had high
insertion pain in all groups, nonetheless WE achieved the
lowest real-time maximum insertion pain score. WE had
the highest proportions of patients with painless unsedated
colonoscopy (vs WI, P = 0.013; vs AICD, P < 0.0005);
unsedated colonoscopy with only minor discomfort (vs
AICD, P < 0.0005), and completion without sedation (vs
AICD, P < 0.0005).
CONCLUSION: Aggregate data confirm superiority of
WE in lowering colonoscopy real-time maximum insertion
pain and need for sedation. Ninety percent of investigators
were able to use water exchange to significantly decrease
maximum insertion pain scores. Our results suggest that
the technique deserves consideration in a broader scale.
Key words: Colonoscopy; Painless colonoscopy; Water
immersion; Water exchange; Colonoscopy pain
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Randomized controlled trials (RCTs) have shown
water exchange (WE) to have considerable advantage
in decreasing colonoscopy insertion pain. Assessment of
individual investigators’ performance using WE in RCTs
is usually not reported. We assessed the performance of
individual investigators in 3 RCTs comparing WE, water
immersion and gas insufflation (with air or carbon dioxide)
during insertion, to determine whether observations
are reproducible across investigators and what factors
might contribute to variations. Aggregate data show
that individual investigators had significant variations
in insertion pain scores and use of adjunct maneuvers
together with short insertion time, but the pain alleviating
impact of WE occurs in 90% of them. WE has the
highest proportions of patients with painless unsedated
colonoscopy; complete unsedated colonoscopy with only
minor discomfort and completion without sedation.

Patient-related and procedure-related factors were
collected prospectively at our centers (NCT01781650,
01780818, 01954862): St. Barbara Hospital, Iglesias
(Italy); N. S. di Bonaria Hospital, San Gavino Monreale
(Italy) and the Vitkovice Hospital, Ostrava (Czech
Republic).
From March 2013 through June 2014, 18-85-yearold diagnostic and 50-70-year-old screening patients
were enrolled and randomized to WE, WI or insufflation
with air or carbon dioxide (AICD) at each site. Sedation
[2,3]
was available on-demand at patients’ request . Local
Ethics Committees approved the protocols. Written
informed consent was obtained from all patients at
enrollment. All authors had access to the study data,
reviewed and approved the final manuscript. Statistical
review of the study was performed by a biomedical
statistician.
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Study procedures

Colonoscopies were performed by 10 board-certified
endoscopists, five with experience in about 10000 AICD,
260 WE and 120 WI. One investigator had experience
in about 7200 AICD, 260 WE, 800 WI. The last four
investigators had experience in about 3000-7000
AICD and 150 WE. One had experience in 800 WI, the
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remaining three in 90 WI.
A split-dose bowel preparation was used to clean the
[2,3]
colon . Enrolled patients were assigned to the different
insertion techniques by computer-generated lists, with
block allocation and stratification based on participating
endoscopists. Group assignment was kept in sealed
envelopes that were opened just before the start of
the procedure. The patients, but not endoscopists and
assisting nurses, were blinded to the insertion method
used: The monitors were concealed from patients’ view.
Endoscopists were blinded to insufflation gas used:
Light source and insufflators were concealed from the
view. At discharge patients were asked to guess which
insertion method had been used (infusion of water or
insufflation), and investigators which gas had been
insufflated. If no more than half of the responses were
[2,3]
correct, their blinding was considered adequate .
Colonoscopy began with the patients in the left
lateral position without premedication. High-resolution
wide-angle variable-stiffness adult video colonoscopes
(Olympus HD 180) were used. Variable stiffness was
used at the discretion of the investigators, but its
[2,3]
record was not kept . Cardiopulmonary function was
monitored throughout.
In patients randomized to WE and WI, insufflation
was turned off before starting the procedure. After
the rectosigmoid junction was reached, the colon was
[2,3]
irrigated with water at 37 ℃ using flushing pumps .
Water exchange involved infusion of water during
insertion to distend the lumen to the minimum required to
reach the cecum. When opaque water was encountered,
infusion and near-simultaneous suction were applied
until clear water was in front of the instrument. Residual
air pockets, feces and infused water were removed
[2,3]
predominantly during insertion .
Water immersion involved the infusion of water
during the insertion phase to aid passage to the cecum
without attempting to clear the colon contents, with
[2,3]
limited use of insufflation when necessary . Infused
water was removed predominantly during withdrawal.
In the AICD group colonoscopy was performed in
the usual fashion with the minimal insufflation required
[2,3]
to reach the cecum . In all arms insufflation was used
during withdrawal to obtain adequate distension of the
[2,3]
lumen for exploration .
In all groups loop reduction, position change and
abdominal compression were applied in that sequence
as needed when the instrument failed to advance, and
not per protocol at determined anatomic locations.
Cecal intubation was defined as reaching beyond
the ileocecal valve with adequate visualization of the
appendix orifice.

nurse explained the NRS to the patients. They were
informed that the request for pain information was
[2,3]
meant to assess the need and dosage of sedation ,
and to let the colonoscopist be alerted to the need to
use maneuvers to minimize discomfort (e.g., removal
of colonic content, loop reduction, change in patient
position and/or abdominal compression). At the discretion
of the assisting nurse, at irregular intervals, patients
were asked about discomfort or pain several times
during the procedure and encouraged to report it
spontaneously. Responses were recorded and the realtime maximum insertion pain score noted. On-demand
sedation was offered at a NRS score ≥ 2 (discomfort).
If patients accepted, sedation was started with an
intravenous dose of 2 mg of midazolam, with step-ups
of 1 mg (up to 5 mg) if the patients continued to report
[2,3]
pain . To avoid bias by the colonoscopist, medication
was administered based on the patients’ confirmation
that the pain was no longer tolerable, and not at the
discretion of the endoscopist. No other analgesic or
sedative medications were administered. At discharge,
a blinded nurse recorded patients’ recalled maximum
insertion pain using the same NRS in the absence the
personnel who performed the procedure.

Study endpoints

The primary outcome was real-time maximum insertion
pain score recorded during the insertion phase of
colonoscopy. Secondary outcomes included recalled pain
at discharge, individual performance of investigators
in terms of several procedural outcomes; analysis of
painless unsedated colonoscopy, unsedated colonoscopy
completed with only discomfort (NRS = 1-2), and
complete unsedated colonoscopy with any pain score.

Statistical analysis

Standard descriptive statistics were used to assess the
distribution of the study variables and to compare them.
Pain values were computed using mean at 95%CI and
analyzed by using the t-test and analysis of variance
(ANOVA) where appropriate. P values < 0.05 were
considered significant.

RESULTS
The database stored data relative to 1091 patients
randomly allocated to WE (n = 371), WI (n = 338) or
AICD (n = 382). Overall, demographics, body mass
index (BMI), previous abdominal surgery and indications
were comparable (Table 1).
In greater detail, age was comparable among the
study groups and individual investigators. Abdominal
pain had comparable proportions among methods and
individual investigators, except for Investigator number 1
and Investigator number 8 that had significantly higher
proportions in the WE group. The other indications were
comparable among methods, except for Anemia (0.048).
Table 2 shows that female patients were equally

Pain assessment and sedation

Pain was assessed using a numeric rating scale (NRS)
with faces outlines and verbal descriptors, with a score
0 = absence of pain, 1-2 = simply “discomfort”, 10
= the worst possible pain. Before the procedure, a

WJGE|www.wjgnet.com
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Table 1 Water-aided colonoscopy and insufflation colonoscopy: Baseline characteristics and indications of 1091 patients

Age, yr, mean (± SD)
Females, n (%)
Males, n (%)
BMI, mean (± SD)
Previous abdominal surgery, n (%)
Indications for colonoscopy, n (%)
Abdominal pain
Bleeding
Change in bowel habits
Anemia
Diverticulosis
Other
Screening

WE (n = 371)

WI (n = 338)

AICD (n = 382)

P value1

59 (12.2)
149 (40.2)
222 (59.8)
26.7 (4.8)
141 (38.0)

59 (11.6)
140 (41.4)
198 (58.6)
26.5 (4.7)
116 (34.3)

59 (12.0)
151 (39.5)
231 (60.5)
26.4 (4.7)
116 (30.4)

0.627
0.873

68 (18.3)
90 (24.3)
73 (19.7)
8 (2.2)
4 (1.1)
46 (12.4)
82 (22.1)

52 (15.4)
89 (26.3)
64 (18.9)
12 (3.6)
5 (1.5)
37 (10.9)
79 (23.4)

59 (15.4)
108 (28.3)
60 (15.7)
7 (1.8)
7 (1.8)
46 (12.0)
95 (24.9)

0.127
0.076
0.977
0.048
0.787
0.403
0.361

0.607
0.087

1

ANOVA. n: Number of patients; WE: Water exchange for insertion, insufflation with air or CO2 for withdrawal; WI: Water immersion for
insertion, insufflation with air or CO2 for withdrawal; AICD: Insufflation with air or CO2 for insertion and withdrawal; SD: Standard deviation.

Table 2 Variations among investigators
Real-time maximum insertion pain, mean
(95%CI)

P value

WE (n =371) WI (n = 338) AICD (n = 382)
All
investigators

1

2.8

3.8

4.4

< 0.0005

(2.6-3.0)

(3.5-4.1)

(4.1-4.7)

WE vs WI < 0.0005

2
2

WE vs AICD < 0.0005
2

WI vs AICD 0.002
Investigator

WE

WI

AICD

Females BMI (±
(%)
SD)

Previous abdominal Abdominal
Loop
Insertion time,
surgery (%)
compression (%) reduction (%) min (±SD)

1

2.1
(1.7-2.5)
2.9
(2.4-3.3)
2.3
(1.0-3.6)
2.4
(1.7-3.2)
2.9
(1.8-4.0)
2.4
(1.6-3.3)
2.4
(1.6-3.2)
2.8
(2.0-3.6)
2.9
(2.3-3.5)
5.3
(4.4-6.2)
< 0.00051

4.0
(3.4-4.7)
3.3
(2.8-3.9)
2.3
(1.0-3.6)
1.9
(0.6-3.3)
3.7
(2.3-5.1)
2.6
(1.5-3.7)
3.7
(2.3-5.1)
2.4
(1.7-3.0)
4.1
(3.4-4.9)
7.1
(6.3-8.0)
< 0.00051

4.7
(4.1-5.3)
4.1
(3.5-4.7)
4
(2.9-5.2)
2.8
(2.0-3.5)
3.5
(2.2-4.8)
3.5
(2.5-4.5)
4.3
(3.0-5.6)
2.4
(1.4-3.3)
6.0
(5.3-6.7)
7.0
(6.2-7.9)
< 0.00051

46.3

26.1 (4.9)

51.3

57.5

61.3

13 (6.5)

32.9

27.0 (4.8)

46.8

67.1

63.3

11 (5.5)

28.6

27.5 (4.4)

7.1

57.1

7.1

11 (4.4)

28.6

25.6 (4.2)

10.7

71.4

21.4

15 (6.7)

46.2

24.6 (3.3)

7.7

92.3

84.6

9 (2.8)

60.9

28.4 (6.8)

13.0

73.9

52.2

10 (4.0)

17.6

26.4 (2.5)

41.2

64.7

82.4

12 (7.2)

50.0

25.6 (4.0)

35.7

92.9

92.9

15 (5.2)

37.7

28.4 (5.2)

45.9

36.1

34.4

9 (3.1)

50

27.2 (5.6)

35.7

21.4

10.7

8 (3.0)

0.0741

0.0251

< 0.00051

< 0.00051

< 0.00051

< 0.00051

2
3
4
5
6
7
8
9
10
P values
1

ANOVA; 2c 2. n: Number of patients; WE: Water exchange for insertion, insufflation with air or CO2 for withdrawal; WI: Water immersion for insertion,
insufflation with air or CO2 for withdrawal; AICD: Insufflation with air or CO2 for insertion and withdrawal; SD: Standard deviation; BMI: Body mass
index.

distributed among study groups and individual investi
gators. There were significant differences in terms of BMI
within the WE and WI groups (P = 0.025 and P < 0.0005,
respectively). The AICD group had the lowest proportion
of patients with previous abdominal surgery, comparable
among individual investigators (P = 0.405). Among

WJGE|www.wjgnet.com

the 10 individual investigators there were significant
differences in terms of use of abdominal compression,
loop reduction and cecal intubation time.

Primary outcome analysis

The number of patients examined by each colonoscopist
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Table 3 Water exchange for insertion group, significant factors associated with increased pain score of Investigator number 8 vs all
the other investigators, n (%)
Investigator number 8 (n = 28) All other investigators (n = 343)
Abdominal pain as indication, females and males
Females with abdominal pain as indication
Females with previous abdominal surgery, any indication for
colonoscopy

11 (39.3)
9 (32.1)
6 (21.4)

P value
0.0031
< 0.00051
0.0181

57 (16.6)
21 (6.1)
24 (7.0)

1 2

c .

Table 4 Investigator number 8, significant differences associated with increase in real-time maximum insertion pain score among
methods, n (%)
WE (n = 28)

WI (n = 28)

AICD (n = 24)

Females and males, abdominal pain as indication

11 (39.3)

2 (7.1)

7 (29.2)

Females with abdominal pain as indication

9 (32.1)

1 (3.6)

3 (12.5)

Females with abdominal pain as indication and previous
abdominal surgery

6 (21.4)

1 (3.6)

1 (4.2)

P value
1

0.017
WE vs WI 0.0042
WE vs AICD 0.4462
WI vs AICD 0.0642
0.0081
WE vs WI 0.0052
WE vs AICD 0.0592
WI vs AICD 0.3522
0.0311
WE vs WI 0.0432
WE vs AICD 0.0692
WI vs AICD 0.9112

1

ANOVA; 2c 2; n: Number of patients; WE: Water exchange for insertion, insufflation with air or CO2 for withdrawal; WI: Water immersion for insertion,
insufflation with air or CO2 for withdrawal; AICD: Insufflation with air or CO2 for insertion and withdrawal; SD: Standard deviation; BMI: Body mass
index.

The same analysis across Investigator’s number 8
study groups (Table 4) showed that his WE group had
a higher proportion of cases with abdominal pain as
indication (ANOVA among groups P = 0.017; WE 39.3%
vs WI 7.1%, P = 0.004); in particular women (ANOVA
among groups P = 0.008; WE 32.1% vs WI 3.6%, P
= 0.005; vs AICD 12.5%, P = 0.059). This WE group
of female patients with abdominal pain as indication
showed also a higher incidence of previous abdominal
surgery (ANOVA among groups P = 0.031): WE 21.4%
vs WI 3.6%, P = 0.043; vs AICD 4.2%, P = 0.069. The
comparisons of WE vs AICD lacked enough power (type
II error) to show significance.
Investigator number 10, with infrequent use of loop
reduction or abdominal compression and short mean
insertion time (Table 2), had high real-time maximum
insertion pain scores in all groups, but the use of WE
brought insertion pain down in this investigator: ANOVA
among groups P = 0.004.

ranged from 12 to 80 per group.
Table 2 shows the analysis of the performance of
the individual investigators. There were significant
differences of mean real-time maximum insertion pain
score among WE, WI and AICD, mean (95%CI): WE
2.8 (2.6-3.0), WI 3.8 (3.5-4.1) and AICD 4.4 (4.1-4.7),
P < 0.0005; differences were significant also within
each study group. WE consistently showed the lowest
real-time maximum insertion pain scores, and with the
exception of Investigator number 8, who showed WE
to have higher pain scores than all the other insertion
techniques, the trend that WE was the least painful was
observed in all the rest of investigators, regardless of
their prior experience with the insertion technique used
(Table 2). The WE group showed significant variations
in terms of BMI, previous abdominal surgery, abdominal
compression, loop reduction and insertion time among
individual investigators.
Table 3 shows that, compared with all the other
investigators, the WE group of Investigator number 8
had a significantly higher proportion of patients with
abdominal pain as indication (39.3% vs 16.6%, P =
0.003), cohort that included mostly irritable bowel
syndrome (IBS) patients; and a significantly higher
proportion of female patients (32.1% vs 7.0%, P <
0.0005) with a significantly higher incidence of previous
abdominal surgery: 21.4% vs 7.0%, P = 0.018 (Table
3).

WJGE|www.wjgnet.com

Secondary outcomes analysis

Compared with AICD and WI, WE had the highest
proportion of patients with painless unsedated colon
oscopy (Table 5): 13.5%, vs WI 7.7% (P = 0.013); vs
AICD 6.0% (P < 0.0005). Compared with AICD, WE and
WI showed a significantly higher proportion of unsedated
colonoscopies with only discomfort, corresponding
to NRS values of 1-2: WE 36.1%, vs WI 31.4% (P =
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Table 5 Pain during insertion, patients’ tolerance and sedation, n (%)
WE (n = 371)

WI (n = 338)

AICD (n = 382)

P value

Painless unsedated colonoscopy2

50 (13.5)

26 (7.7)

23 (6.0)

Unsedated, completed with only
discomfort2

134 (36.1)

106 (31.4)

87 (22.8)

Completed without sedation

321 (86.5)

287 (84.9)

292 (76.4)

On-demand sedation

50 (13.5)

51 (15.1)

90 (23.6)

WE vs WI 0.0131
WE vs AICD < 0.00051
WI vs AICD 0.3741
WE vs WI 0.1801
WE vs AICD < 0.00051
WI vs AICD 0.0091
WE vs WI 0.5371
WE vs AICD < 0.00051
WI vs AICD 0.0041
WE vs WI 0.5371
WE vs AICD < 0.00051
WI vs AICD 0.0041

1 2 2

c ; Pain score based on numeric rating scale (NRS): 0 = absence of pain, 1-2 = discomfort, 10 = maximum pain. n: Number of patients; WE:
Water exchange for insertion, insufflation with air or CO2 for withdrawal; WI: Water immersion for insertion, insufflation with air or CO2
for withdrawal; AICD: Insufflation with air or CO2 for insertion and withdrawal; SD: Standard deviation.

0.180); vs AICD 22.8% (P < 0.0005); WI vs AICD P =
0.009 (Table 5). WE and WI achieved also a significantly
higher proportion of procedures completed without
sedation: WE 86.5%, vs WI 84.9% (P = 0.537); vs
AICD 76.4% (P < 0.0005); WI vs AICD P = 0.004 (Table
5). Accordingly, WE and WI showed low proportions of
patients requesting on-demand sedation: WE 13.5%, vs
WI 15.1% (P = 0.537); vs AICD 23.6% (P < 0.0005);
WI vs AICD P = 0.004 (Table 5).

proportion of patients with previous abdominal surgery
and had comparable BMI values among individual
investigators; nevertheless, AICD pain scores were
almost invariably higher than the other two groups (Table
2). Compared with WE, WI had a lower proportion of
patients with previous abdominal surgery; and yet also
WI showed a trend toward higher pain scores than WE
(Table 2).
With the exception of Investigator number 8, the
consistent pattern of pain scores being lowest in the WE
group qualifies WE as the best method for achieving low
pain scores during the insertion phase of colonoscopy,
with a reproducible effect among different colonoscopists.
Several factors contributed to the aberrant finding of
Investigator’s number 8 higher real-time maximum
insertion pain score in the WE group compared with the
WI and AICD groups: His WE group had a significantly
higher proportion of female patients with abdominal pain
as indication (this cohort comprised IBS cases) and with
previous abdominal surgery. All these are risk factors
[15]
[1,11-14,16-22]
for difficult
or painful colonoscopy
, with
expected laborious intubation and increased need for
[11,22,23]
sedation
.
Moreover, Investigator number 8 had experience in
only 150 WE and 90 WI procedures. WE is a relatively
new technique, and requires new maneuvers not entirely
intuitive to colonoscopists. Collectively, all these factors
contributed to the higher real-time maximum insertion
pain score achieved in his WE group of patients.
Our data show that WE is effective in achieving
significantly higher proportions of painless unsedated
procedures, completion with only minor discomfort or
without sedation. These two last outcomes are also
achieved by WI.
Unsedated colonoscopy represents an important
[24,25]
option for many patients
and has important impli
cations in terms of patient satisfaction, medical related
[26,27]
complications
and cost savings in health care systems,
particularly in settings where the use of sedation is
[28,29]
discretionary and targeted also to low-risk patients
.

Procedural outcomes

Cecal intubation rates (WE 98.7%, WI 97.9% and AICD
97.9%; P = 0.692) and total procedure times [minutes
(± standard deviation, SD): WE 23 (9.7), WI 22 (11.7)
and AICD 22 (11.0), P = 0.177] were comparable. A
[2,3]
complete report has already been presented elsewhere .
Comparisons of amount of water infused and aspirated
during insertion and during withdrawal attested to the
[2,3]
correct application of WE and WI methods .

DISCUSSION
In this study aggregate data confirm superiority of WE
in lowering insertion pain compared with WI and AICD.
The pain alleviating impact of water exchange shows
the lowest mean real-time maximum insertion pain
scores in 90% of the investigators, despite their pain
scores were significantly different within the WE, WI and
AICD groups, and regardless their significantly different
individual performances in terms of use of adjunct
maneuvers and insertion time (Table 2). A plausible
explanation of the effect of WE in decreasing real-time
maximum insertion pain is the avoidance of the variable
elongation of the colon induced by different amounts of
[9]
insufflated gas, with the associated loop formation that
[10]
leads to insertion pain . Full understanding, however,
will require additional investigation.
Previous abdominal surgery is associated with
[11-14]
higher colonoscopy pain score
or with difficult
[15]
procedures . The AICD group showed the lowest
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dioxide insufflation. WE shows its beneficial effect in decreasing colonoscopy
pain also in patients presenting with factors associated with difficult and painful
colonoscopy (e.g., prior abdominal surgery, low body mass index).

The scheduled unsedated option may also have an
impact on no-show due to lack of an escort, improving
patients’ adherence to colonoscopy, particularly important
[30]
in screening settings .
Promotion of on-demand sedation colonoscopy and
successful completion of the unsedated option minimizes
[6,31]
institutional resources and lessens patients’ burdens
.
Multiple published reports have indicated colonoscopists
around the world were able to harness the pain reduction
[2,3,7,8,32-40]
impact of WE
.
The limitations of our study require comment. The
endoscopists and the nurse assistants were not blinded to
the WE and WI insertion techniques. However, interactions
with patients were standardized, colonoscopists’ bias
[2,3]
was minimized and pain recording was very accurate .
The unblinded real-time maximum insertion pain scores
obtained during colonoscopy were internally validated
by correlating them with the blinded recalled maximum
insertion pain scores recorded at discharge: the Pearson
[2,3]
correlation range was 0.6-0.9 (P < 0.0005) . The
blinded pain recording after the procedure validated the
[2,3]
unblinded one collected during the examination . Mean
correct patients’ guesses about insertion method used
(36%) and investigators’ about insufflated gas (41%)
[2,3]
confirmed their adequate blinding .
Our study has certain notable features. To the best
of our knowledge, it has the largest sample of multiple
individual investigators’ real-time maximum insertion pain
scores obtained in a head-to-head randomized controlled
comparison of WE, WI and AICD. Patients were recruited
from a routine clinical setting in different community
hospitals at multinational sites. The important finding is
the reproducibility and repeatability of WE in attenuation
of maximum insertion pain when compared with WI and
AICD.
In summary, in this head-to-head randomized con
trolled comparison of WE, WI and AICD with reliable realtime maximum insertion pain scores, minimization of
investigators’ bias and adequate patient blinding, despite
variations in pain scores by individual investigators,
WE is superior to WI and AICD in attenuating real-time
maximum insertion pain.
We conclude that the high proportion of colonoscopists
able to use WE to decrease insertion pain in the current
study, as well as in previous published reports, suggest
that the technique deserves consideration in a broader
scale.

Research frontiers

The authors assessed the performance of individual investigators in three recently
completed RCTs in a multinational setting, to determine whether the effect of WE
in reducing real-time maximum insertion pain is reproducible across investigators,
and what procedural factors (e.g., use of adjunct maneuvers of loop reduction and
abdominal compression, insertion time, etc.) might contribute to variations among
them.

Innovations and breakthroughs

The study has the largest sample of multiple individual investigators’ real-time
maximum insertion pain scores obtained in a head-to-head randomized controlled
comparison of WE, WI and air or carbon dioxide (AICD). Patients were recruited
from a routine clinical setting in different community hospitals at multinational
sites. The data confirm superiority of WE in lowering insertion pain compared
with WI and AICD. Its pain alleviating impact shows the lowest mean realtime maximum insertion pain scores in 90% of the investigators, despite their
significantly different insertion pain scores within the WE, WI and AICD groups,
along with significantly different individual performances in terms of use of adjunct
maneuvers and insertion time.

Applications

WE achieves higher proportions of painless unsedated procedures, or
completed with only minor discomfort, decreasing the need for sedation.
Promotion of on-demand sedation colonoscopy and successful completion of
the unsedated procedures lessens patient’s burdens.

Terminology

WE: A colonoscopy insertion technique that entails airless insertion; water is
infused to facilitate progression of the instrument to the cecum and is aspirated
predominantly during this phase to clear the view and minimize distension. WI:
A colonoscopy insertion technique that entails infusion of water as an adjunct to
insufflation to help reaching the cecum; water is aspirated predominantly during
withdrawal, without attempting to maximize colon cleanliness during insertion.

Peer-review

The article described the difference in colonoscopy real-time maximum insertion
pain among WE, WI and AICD and among individual investigators in routine clinical
settings. It is useful to analyze colonoscopy pain produced by different techniques
in order to reduce the suffering of patients. It is a meaningful research in clinical
practice. The study had a logical design in methods, the analysis of the difference of
pain among WE, WI and AICD was detailed and produced credible results.

REFERENCES
1

2

COMMENTS
COMMENTS
Background

Water exchange (WE) and water immersion (WI) are two colonoscopy
techniques that entail infusion of water to distend the lumen during the insertion
phase. WE is characterized by airless introduction to the cecum, infused
water is aspirated predominantly during this phase to clear the view and
minimize distension. In WI water is infused as an adjunct to insufflation and
aspirated predominantly during withdrawal, without attempting to maximize
colon cleanliness during insertion. Randomized controlled trials (RCTs) have
shown WE to have considerable advantage in decreasing colonoscopy realtime maximum insertion pain when compared with WI or with air or carbon

WJGE|www.wjgnet.com

3

4

119

Hsieh YH, Koo M, Leung FW. A patient-blinded randomized,
controlled trial comparing air insufflation, water immersion, and
water exchange during minimally sedated colonoscopy. Am J
Gastroenterol 2014; 109: 1390-1400 [PMID: 24890443 DOI:
10.1038/ajg.2014.126]
Cadoni S, Sanna S, Gallittu P, Argiolas M, Fanari V, Porcedda ML,
Erriu M, Leung FW. A randomized, controlled trial comparing realtime insertion pain during colonoscopy confirmed water exchange
to be superior to water immersion in enhancing patient comfort.
Gastrointest Endosc 2015; 81: 557-566 [PMID: 25262100 DOI:
10.1016/j.gie.2014.07.029]
Cadoni S, Falt P, Gallittu P, Liggi M, Mura D, Smajstrla V, Erriu
M, Leung FW. Water Exchange Is the Least Painful Colonoscope
Insertion Technique and Increases Completion of Unsedated
Colonoscopy. Clin Gastroenterol Hepatol 2015; 13: 1972-1980.e3
[PMID: 25956838 DOI: 10.1016/j.cgh.2015.04.178]
Garborg K, Kaminski MF, Lindenburger W, Wiig H, Hasund
A, Wronska E, Bie RB, Kleist B, Løvdal L, Holme Ø, Kalager

January 25, 2016|Volume 8|Issue 2|

Cadoni S et al . Water exchange consistently lowers colonoscopy pain

5
6

7

8

9

10

11

12

13

14

15
16

17

18

19

M, Hoff G, Bretthauer M. Water exchange versus carbon dioxide
insufflation in unsedated colonoscopy: a multicenter randomized
controlled trial. Endoscopy 2015; 47: 192-199 [PMID: 25412093
DOI: 10.1055/s-0034-1390795]
Leung FW. Water-aided colonoscopy. Gastroenterol Clin North Am
2013; 42: 507-519 [PMID: 23931857 DOI: 10.1016/j.gtc.2013.05.006]
Cadoni S, Sanna S, Gallittu P, Argiolas M, Fanari V, Porcedda
ML, Erriu M, Leung FW. Water exchange minimizes magnitude
and variations in maximum insertion pain among colonoscopists
(and potentially enhances cost savings by promoting completion
of unsedated colonoscopy). J Interv Gastroenterol 2014; 4: 56-62
[DOI: 10.7178/jig.157]
Leung FW, Mann SK, Leung JW, Siao-Salera RM, Jackson
G. The water method is effective in difficult colonoscopy - it
enhances cecal intubation in unsedated patients with a history of
abdominal surgery. J Interv Gastroenterol 2011; 1: 172-176 [PMID:
22586531]
Luo H, Zhang L, Liu X, Leung FW, Liu Z, Wang X, Xue L, Wu K,
Fan D, Pan Y, Guo X. Water exchange enhanced cecal intubation
in potentially difficult colonoscopy. Unsedated patients with prior
abdominal or pelvic surgery: a prospective, randomized, controlled
trial. Gastrointest Endosc 2013; 77: 767-773 [PMID: 23394837
DOI: 10.1016/j.gie.2012.12.007]
Leung JW, Vakulchik VM, Liu J, Pearcy J, Yen AW, Leung FW.
Water aided colonoscopy without air insufflation - a comparison of
suction removal of infused water during withdrawal versus during
insertion. J Interv Gastroenterol 2014; 4: 63-67 [DOI: 10.7178/
jig.158]
Shah SG, Brooker JC, Thapar C, Williams CB, Saunders BP.
Patient pain during colonoscopy: an analysis using real-time
magnetic endoscope imaging. Endoscopy 2002; 34: 435-440
[PMID: 12048623]
Holme O, Bretthauer M, de Lange T, Seip B, Huppertz-Hauss
G, Høie O, Sandvei P, Ystrøm CM, Hoff G. Risk stratification to
predict pain during unsedated colonoscopy: results of a multicenter
cohort study. Endoscopy 2013; 45: 691-696 [PMID: 23884794
DOI: 10.1055/s-0033-1344239]
Oh SY, Sohn CI, Sung IK, Park DI, Kang MS, Yoo TW, Park
JH, Kim HJ, Cho YK, Jeon WK, Kim BI. Factors affecting the
technical difficulty of colonoscopy. Hepatogastroenterology 2007;
54: 1403-1406 [PMID: 17708264]
Park DI, Kim HJ, Park JH, Cho YK, Sohn CI, Jeon WK, Kim
BI, Ryu SH, Sung IK. Factors affecting abdominal pain during
colonoscopy. Eur J Gastroenterol Hepatol 2007; 19: 695-699
[PMID: 17625440]
Jang HW, Cheon JH, Nam CM, Moon CM, Lee JH, Jeon SM,
Park JJ, Kim TI, Kim WH. Factors affecting insertion time for
colonoscopy performed under intramuscular analgesia in patients
with history of colorectal resection. Surg Endosc 2011; 25:
2316-2322 [PMID: 21298530 DOI: 10.1007/s00464-010-1555-3]
Shah HA, Paszat LF, Saskin R, Stukel TA, Rabeneck L. Factors
associated with incomplete colonoscopy: a population-based study.
Gastroenterology 2007; 132: 2297-2303 [PMID: 17570204]
Elphick DA, Donnelly MT, Smith KS, Riley SA. Factors associated
with abdominal discomfort during colonoscopy: a prospective
analysis. Eur J Gastroenterol Hepatol 2009; 21: 1076-1082 [PMID:
19339891 DOI: 10.1097/MEG.0b013e32832357b3]
Kim ES, Cheon JH, Park JJ, Moon CM, Hong SP, Kim TI, Kim
WH. Colonoscopy as an adjunctive method for the diagnosis of
irritable bowel syndrome: focus on pain perception. J Gastroenterol
Hepatol 2010; 25: 1232-1238 [PMID: 20594249 DOI: 10.1111/
j.1440-1746.2010.06338.x]
Imai A, Kato M, Ono S, Shimizu Y, Takeda H, Asaka M. Efficacy
of carbon dioxide-insufflating colonoscopy in patients with irritable
bowel syndrome: a randomized double-blind study. J Gastroenterol
Hepatol 2012; 27: 1623-1628 [PMID: 22694488 DOI: 10.1111/
j.1440-1746.2012.07208.x]
Denters MJ, Schreuder M, Depla AC, Mallant-Hent RC, van
Kouwen MC, Deutekom M, Bossuyt PM, Fockens P, Dekker E.
Patients’ perception of colonoscopy: patients with inflammatory

WJGE|www.wjgnet.com

20

21

22
23

24

25

26

27

28

29
30

31

32

33

34

120

bowel disease and irritable bowel syndrome experience the largest
burden. Eur J Gastroenterol Hepatol 2013; 25: 964-972 [PMID:
23660935 DOI: 10.1097/MEG.0b013e328361dcd3]
Takahashi Y, Tanaka H, Kinjo M, Sakumoto K. Prospective
evaluation of factors predicting difficulty and pain during sedationfree colonoscopy. Dis Colon Rectum 2005; 48: 1295-1300 [PMID:
15793639]
Paggi S, Radaelli F, Amato A, Meucci G, Spinzi G, Rondonotti
E, Terruzzi V. Unsedated colonoscopy: an option for some but not
for all. Gastrointest Endosc 2012; 75: 392-398 [PMID: 22248607
DOI: 10.1016/j.gie.2011.09.015]
Saunders BP, Fukumoto M, Halligan S, Jobling C, Moussa ME,
Bartram CI, Williams CB. Why is colonoscopy more difficult in
women? Gastrointest Endosc 1996; 43: 124-126 [PMID: 8635705]
Pohl J, Messer I, Behrens A, Kaiser G, Mayer G, Ell C. Water
infusion for cecal intubation increases patient tolerance, but
does not improve intubation of unsedated colonoscopies. Clin
Gastroenterol Hepatol 2011; 9: 1039-1043.e1 [PMID: 21749850
DOI: 10.1016/j.cgh.2011.06.031]
Petrini JL, Egan JV, Hahn WV. Unsedated colonoscopy: patient
characteristics and satisfaction in a community-based endoscopy
unit. Gastrointest Endosc 2009; 69: 567-572 [PMID: 19231501
DOI: 10.1016/j.gie.2008.10.027]
Leung J, Mann S, Siao-Salera R, Ransibrahmanakul K, Lim B,
Canete W, Samson L, Gutierrez R, Leung FW. A randomized,
controlled trial to confirm the beneficial effects of the water method
on U.S. veterans undergoing colonoscopy with the option of ondemand sedation. Gastrointest Endosc 2011; 73: 103-110 [PMID:
21184876 DOI: 10.1016/j.gie.2010.09.020]
Sharma VK, Nguyen CC, Crowell MD, Lieberman DA, de Garmo
P, Fleischer DE. A national study of cardiopulmonary unplanned
events after GI endoscopy. Gastrointest Endosc 2007; 66: 27-34
[PMID: 17591470]
Ko CW, Riffle S, Michaels L, Morris C, Holub J, Shapiro JA, Ciol
MA, Kimmey MB, Seeff LC, Lieberman D. Serious complications
within 30 days of screening and surveillance colonoscopy are
uncommon. Clin Gastroenterol Hepatol 2010; 8: 166-173 [PMID:
19850154 DOI: 10.1016/j.cgh.2009.10.007]
Liu H, Waxman DA, Main R, Mattke S. Utilization of anesthesia
services during outpatient endoscopies and colonoscopies and
associated spending in 2003-2009. JAMA 2012; 307: 1178-1184
[PMID: 22436958 DOI: 10.1001/jama.2012.270]
Al-Awabdy B, Wilcox CM. Use of anesthesia on the rise in
gastrointestinal endoscopy. World J Gastrointest Endosc 2013; 5:
1-5 [PMID: 23330047 DOI: 10.4253/wjge.v5.i1.1]
Leung FW, Cohen H, Dea SK, Jensen DM, Kovacs TO, Lam E,
Ohning GV, Pisegna JR, Russell MM, Sedarat A, Sheinbaum A,
Simmons TC, Slomovic R, Spiegel BM, Spirt MJ, Sul J, Watson
RR. Scheduled unsedated colonoscopy - a novel tool for managing
no shows due to lack of escorts required for conscious sedation. J
Interv Gastroenterol 2014; 4: 91-92 [DOI: 10.7178/jig.160]
Granados-Savatgy L, Bradham DD, Blohm L, Siao-Salera R,
Leung JW, Leung FW. Cost benefit analysis and cost estimating:
sedated vs. unsedated colonoscopy at one VAMC. American
Journal Clinical Medicine 2010; 7: 147-150
Leung FW, Harker JO, Jackson G, Okamoto KE, Behbahani
OM, Jamgotchian NJ, Aharonian HS, Guth PH, Mann SK, Leung
JW. A proof-of-principle, prospective, randomized, controlled
trial demonstrating improved outcomes in scheduled unsedated
colonoscopy by the water method. Gastrointest Endosc 2010; 72:
693-700 [PMID: 20619405 DOI: 10.1016/j.gie.2010.05.020]
Ransibrahmanakul K, Leung JW, Mann SK, Siao-Salera R, Lim BS,
Hasyagar C, Yen D, Nastaskin I, Leung FW. Comparative effectiveness
of water vs. air methods in minimal sedation colonoscopy performed by
supervised trainees in the US - Randomized Controlled Trial. American
Journal Clinical Medicine 2010; 7: 113-118
Ramirez FC, Leung FW. A head-to-head comparison of the water
vs. air method in patients undergoing screening colonoscopy. J
Interv Gastroenterol 2011; 1: 130-135 [PMID: 22163084 DOI:
DOI: 10.4161/jig.1.3.18512]

January 25, 2016|Volume 8|Issue 2|

Cadoni S et al . Water exchange consistently lowers colonoscopy pain
35

36

37

Portocarrero DJ, Che K, Olafsson S, Walter MH, Jackson CS,
Leung FW, Malamud A. A pilot study to assess feasibility of the
water method to aid colonoscope insertion in community settings
in the United States. J Interv Gastroenterol 2012; 2: 20-22 [PMID:
22586546 DOI: 10.4161/jig.20130]
Leung FW, Cheung R, Fan RS, Fischer LS, Friedland S, Ho SB,
Hsieh YH, Hung I, Li MK, Matsui S, Mcquaid KR, Ohning G,
Ojuri A, Sato T, Shergill AK, Shoham MA, Simons TC, Walter
MH, Yen A. The water exchange method for colonoscopy-effect
of coaching. J Interv Gastroenterol 2012; 2: 122-125 [PMID:
23805391 DOI: 10.4161/jig.23732]
Fischer LS, Lumsden A, Leung FW. Water exchange method for
colonoscopy: learning curve of an experienced colonoscopist in a
U.S. community practice setting. J Interv Gastroenterol 2012; 2:

38

39
40

128-132 [PMID: 23805393 DOI: 10.4161/jig.23734]
Leung JW, Mann SK, Siao-Salera R, Canete W, Leung FW. The
established and time-tested water exchange method in scheduled
unsedated colonoscopy significantly enhanced patient-centered
outcomes without prolonging procedural times - A randomized
controlled trial. J Interv Gastroenterol 2013; 3: 7-11 [DOI:
10.7178/jig.100]
Bak AW, Perini RF, Schroeder T, Leung FW. Experience with
water-aided colonoscopy in a Canadian community population. J
Interv Gastroenterol 2013; 3: 49-52 [DOI: 10.7178/jig.122]
Cadoni S, Gallittu P, Sanna S, Fanari V, Porcedda ML, Erriu M,
Leung FW. A two-center randomized controlled trial of water-aided
colonoscopy versus air insufflation colonoscopy. Endoscopy 2014;
46: 212-218 [PMID: 24218307 DOI: 10.1055/s-0033-1353604]
P- Reviewer: Hu H, Wei SC S- Editor: Qiu S L- Editor: A
E- Editor: Lu YJ

WJGE|www.wjgnet.com

121

January 25, 2016|Volume 8|Issue 2|

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

© 2016 Baishideng Publishing Group Inc. All rights reserved.

