
Introduction
Colorectal cancer is the second most common cancer in the
world [1] and the second leading cause of cancer-related mor-
tality [2]. Most colorectal cancers are thought to arise from pre-
cursor adenomatous polyps in a well-characterized adenoma to
carcinoma sequence. Removal of such precursor lesions
through screening programs reduces colorectal cancer mortal-
ity by 30 to 50% [3, 4] Colonoscopy is the preferred method to
detect and remove these lesions but there is a recognized miss
rate of polyps, estimated to be 16% to 36%, depending on the
location and size of the lesion [5, 6]. The majority of colorectal
cancers that occur post-colonoscopy are believed to arise from
lesions missed at the time of endoscopy, rather than from new

lesions [7]. Endoscopists may miss polyps for several reasons in-
cluding: 1) poor bowel cleansing; 2) areas of poor visualization,
such as behind haustral folds; 3) inadequate colonoscope with-
drawal times; and 4) operator fatigue [8–12].

Methods to improve detection of adenomas may help fur-
ther decrease colorectal cancer mortality. Proper bowel prepa-
ration, lengthening withdrawal time, monitoring and reporting
adenoma detection rates, and enhanced visualization behind
haustral folds [1] have been used to increase the detection
rates of colonoscopy [8, 13–16].

Recently, methods to reduce spasm of the colon have been
investigated to increase adenoma detection rates by allowing
for better inspection of colonic folds. Warm water immersion
is thought to be less spasm-inducing than room temperature
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ABSTRACT

Background and study aims Methods to improve polyp

detection during colonoscopy have been investigated, with

conflicting results for warm water irrigation. Carbon Diox-

ide (CO2) warmed to 37 °C may have similar or more pro-

nounced effects on bowel motility. This study aimed to as-

sess whether warmed CO2 would improve polyp detection

compared to room temperature air insufflation.

Patients and methods This was a double-blind, random-

ized controlled trial that enrolled 204 patients undergoing

screening or surveillance outpatient colonoscopy. The pri-

mary outcome was polyp per patient detection rate. Sec-

ondary outcomes included adenoma per patient detection

rates, bowel spasm, and patient comfort.

Results The trial was terminated after an interim analysis

determined futility. Between the warmed CO2 and room air

groups, no significant differences were found in the per-co-

lonoscopy polyp detection rate (P=0.57); overall polyp de-

tection rate (P=0.69); or adenoma detection rates (P=

0.74). More patients in the room temperature group had

lower spasm scores (p=0.02); however, there was a trend

towards greater patient comfort in the warmed CO2 group

(P=0.054). An ex-vivo study showed a significant difference

between exiting CO2 temperature at the insufflator end vs.

delivered CO2 temperature at the colonoscope tip end. The

temperature of insufflation at the tip of the colonoscope

was not different when using warmed vs. unwarmed insuf-

flation (P=0.62).

Conclusion When compared with room air insufflation,

warmed CO2 insufflation did not affect polyp detection

rates.

Original article

Patel Akash M et al. Use of warm… Endoscopy International Open 2017; 05: E683–E689 E683



water. Compared with air insufflation, some studies have
shown it to be associated with an increase in adenoma detec-
tion rates and a decrease in discomfort during colonoscopy
but data to date are not convincing [17, 18]. While water ex-
change has been associated with increased adenoma detection
rates, the benefit seems to from a cleansing rather than motili-
ty effect [19]. Its use is limited, as it can only be used on inser-
tion of the colonoscope, and withdrawal is the most important
time for inspection of the mucosa for polyps. Thus, providing an
intervention during withdrawal may be more efficacious. The
antispasmodic agent hyoscine butylbromide has also been in-
vestigated as a method to increase adenoma detection rates,
but again, data to date has been contradictory [20–22]. Fur-
thermore, all of these studies have used room temperature air
as the means to distend the bowel. An alternative to room tem-
perature air insufflation is carbon dioxide (CO2) insufflation,
which has been shown to decrease post procedure bloating
and pain but has not been shown to have an effect on detection
rates [23, 24]. Its safety is well demonstrated in the endoscopy
setting and there is negligible risk of hypercapnia [25, 26].

Carbon dioxide warmed to 37 °C may have similar or more
pronounced effects on bowel motility as warm water or anti-
spasmodic agents. Recently, an insufflator was developed to
warm the CO2 (EndoStratus CO2 Insufflator, Medivators Inc.,
Minneapolis, MN). Its advantages include the lack of a need for
special preparation of the equipment beyond usual care; no ad-
ditional medications required during the procedure; no addi-
tional training or change in technique required for endos-
copists; the potential for beneficial effect on both insertion
and withdrawal of the colonoscope, and minimal systemic ad-
verse effects. This study was undertaken to determine whether
the use of this device would effect polyp detection during rou-
tine screening and surveillance colonoscopy.

We hypothesized that in outpatients undergoing screening
colonoscopy, warmed CO2 insufflation would detect more
polyps per colonoscopy compared to room temperature air in-
sufflation.

Patients and methods
Patients undergoing screening or surveillance colonoscopies
were invited to participate. A letter of invitation was mailed to
them and the study discussed with a clinical research assistant
upon their arrival to the endoscopy unit. If they agreed to parti-
cipate, informed consent was obtained. Exclusion criteria in-
cluded: previous colonic resections, active inflammatory bowel
disease, hereditary polyposis syndromes, moderate to severe
COPD, obstructive sleep apnea requiring CPAP or BIPAP, or neu-
rologic diagnoses affecting ventilation.

Randomization occurred just before the patient was brought
into the endoscopy room and prior to commencement of the
colonoscopy. Patients were randomized to either room air in-
sufflation or warmed CO2 in permuted blocks of 6, 8, or 10 via
www.randomize.net; a secure internet-based randomization
service (Interrand Inc., Ottawa, Ontario, Canada). The endos-
copist and nurse then left the endoscopy room and the re-
search assistant turned on the appropriate insufflation and en-

sured concealment. The endoscopist, nurse and patient were
blinded to the study assignment. The CO2 insufflator was cov-
ered with a wooden box, with the tubing outlets covered with
foam to ensure there was no light leakage from the box. The
pump section on the endoscopy processor was also covered to
ensure blinding. At the end of the colonoscopy, the research as-
sistant turned off the appropriate insufflator without un-blind-
ing the endoscopy team.

All colonoscopies were performed with an adult colono-
scope (Olympus CF-H180DL or Pentax EC-3890Li) by one of 10
staff gastroenterologists. Each endoscopist had extensive ex-
perience (> 1000 colonoscopies performed) and polyp detec-
tion rates > 45%, which correlates to adenoma detection rates
of at least 25–30%. Conscious sedation was administered with
intravenous Midazolam and Fentanyl. The use of Hyoscine bu-
tylbromide was at the discretion of the endoscopist. If the
endoscopist decided to use a pediatric colonoscope the study
was terminated, as another endoscopy tower had to be used.
Patients were also excluded if cecal intubation was not
achieved.

Pre-procedure data collection included demographic infor-
mation, indications for colonoscopy, and colon cleansing prep-
aration type and timing (split or traditional evening before).
The duration of colonoscopy, patient comfort (measured by
the Nurse Administered Patient Comfort Score assessed
throughout the colonoscopy), bowel preparation quality
(measured by the Aronchick Scale), and the amount and type
of sedation used was recorded [27]. A bowel motility scale was
introduced after 45 patients were enrolled. The 5 point scale
graded the appearance of the colon during the majority of
time on withdrawal of the endoscope, with 1 representing an
easily distended bowel and 5 representing an actively motile
bowel in regular spasm, which added significant time to the
exam [28].

Polyps were assessed on withdrawal of the colonoscope in
the majority of cases. When a polyp was visualized, its location
was noted and size was estimated using an adult biopsy forceps
(Radial Jaw 4 biopsy forceps, Boston Scientific, Massachusetts,
United States). A photo was taken for later calibration. Polyps
were classified by size: < 6mm, 6–9mm, and >9mm [29, 30]
Technique for polyp removal was at the discretion of the endos-
copist. Histology of each polyp was recorded once available,
with advanced polyps defined as tubulovillous, and/or serrated
adenoma, high-grade dysplasia morphology, or adenocarcino-
ma [29].

Ex vivo study

An ex-vivo study was performed investigating the temperature
of carbon dioxide delivered from three commercially available
insufflators [Olympus CO2 Regulation Unit UCR (Olympus Cana-
da Inc., Richmond Hill, Ontario, Canada), Medivators EndoStra-
tus EGA-501 (Medivators Inc., Minneapolis, MN), and EZEM-
CO2efficient (Bracco Diagnostics Inc., Monroe Township, NJ)].
Using two adult colonoscopes (Olympus CF-H180DL and Pen-
tax EC-3890Li) with their lights on, the air button was continu-
ously depressed. Temperatures were recorded at both the in-
sufflator end and distal colonoscope end for 10 minutes, in in-
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crements of 1 minute. Ten minutes was chosen to replicate an
average cecal intubation time. For each colonoscope and insuf-
flator, experiments were performed both at room temperature
and with the body of the colonoscope immersed in a warm wa-
ter bath, maintained at 34°C, to replicate the colonoscope in-
side the colon.

Outcomes

The primary outcome was the polyp per colonoscopy detection
rate (total polyps divided by number procedures). Secondary
outcomes included adenoma per colonoscopy detection rate
(total number of adenomas divided by number of colonosco-
pies). Overall adenoma detection rate, polyp detection rate,
and advanced lesion detection rate were also calculated. Bowel
motility was assessed with a 5-point bowel spasm scale, adap-
ted from previous studies [28]. Other secondary outcomes in-
cluded the withdrawal time, sedation type and dose, quality of
bowel preparation via the Aronchick Scale, and patient comfort
by the validated Nurse-assessed Patient Comfort Score (NAP-
COMS) [27, 31].

Statistics

The study was designed as a superiority study and powered to
detect a 50% increase in polyp per colonoscopy detection rate
with warmed CO2 insufflation compared to room air insuffla-
tion. The polyp per colonoscopy detection rate was assumed
to be 0.8 and the standard deviation 1.20 [21]. A 50% increase
in per colonoscopy polyp detection rates was judged to be clini-
cally significant (i. e. 1.2 polyps per colonoscopy detection
rate), partially due to the investment needed to change to
warm CO2 insufflators. With an alpha set to 5% 1-sided and
beta 20%, the number of patients required was 222 per arm.
Continuous variable outcomes with normal distribution were
assessed by student t-tests. Non-normally distributed ordinal
variables were assessed by Mann-Whitney U test and categori-
cal data with the Chi square or Fisher’s exact test.

An interim analysis was performed after 220 patients were
recruited. This preliminary analysis was initially performed
using only the bowel motility scale, to assess the proof of con-
cept that warm carbon dioxide is associated with decreased
spasm in order to support a grant application. When these re-
sults were reviewed however, an analysis of the primary out-
come was undertaken and the study was terminated early due
to futility.

The primary outcome was the average number of polyps de-
tected per colonoscopy. We performed a futility analysis using
the method of stochastic curtailment, which estimates the
probability of achieving a statistically significant result at the
end of the study in favour of the warmed CO2, conditional on
the results observed at that point in the trial. Based on interim
analysis of the 202 patients, we re-estimated the standard de-
viation to 2.5. Thus, the difference in the average number of
polyps per colonoscopy was 0.15 in favour of warmed CO2. If
we assumed that the true difference between the two arms
was 0.4, as in the original study design, then the probability of
achieving a statistically significant result in favour of warmed
CO2 by the end of the study was 15%. If the true difference

was actually only 0.15, as was observed, then the probability
of achieving a statistically significant result in favour of warmed
CO2 was only 5%. This, combined with new information regard-
ing the actual temperature of the CO2 delivered at the colono-
scope tip, led to early termination of the study.

For the technical study of insufflator temperatures, the tem-
peratures were analyzed as warmed CO2 (Medivators with war-
mer on) versus controls (Olympus, Bracco and Medivators with
warming option off) using ANOVA.

This trial was approved by the Queen’s University Health Sci-
ences Research Ethics Board and registered in an international
trial registry (NCT02065037).

Results
The trial was terminated after 229 patients were enrolled and
204 completed the exams (room air n =106, warm CO2 n=98),
between June 2014 and September 2015. Twenty five patients
were not included after randomization due to incomplete colo-
noscopies due to poor preparation (n=4), technical reasons,
such as patient discomfort or looping that required switching
to a pediatric colonoscope (n =14), or logistic issues related to
the research room availability or CO2 sources (n =7) (▶Fig. 1).

No significant differences were seen in age, gender, indica-
tion for the procedure, or bowel preparation (▶Table1). The
NAPCOMS pain scores were however, lower in the warmed CO2

group (p=0.05). Bowel cleansing scores were similar between
groups, with 77.4% (room air) and 77.6% (warmed CO2) having
good or excellent preparations (P=0.95). The bowel spasm
scale was significantly different between groups, with more
cases in the room temperature group having scores of 1 or 2
(65%) compared to the warm CO2 group (52.5%) (P=0.008)
(▶Fig. 2).

The average number of polyps per colonoscopy in the
warmed CO2 group was 0.15 higher than in the room tempera-
ture air arm (95% CI,–0.80 to 0.51, P=0.57) (▶Table2). Polyps
were identified in 69 /106 (65%) of the patients in the room
temperature group compared to 59 /98 (60%) in the warmed
CO2 group (P=0.47). The adenoma detection rates were similar
in both groups: 48.1% in the room air group and 45.9% in the
warm CO2 group (P=0.75). No differences were seen in rates
of advanced adenomas or sessile serrated adenomas (▶Ta-
ble 2). The correlation between age and the number of polyps
was moderate, but statistically significant (r = 0.21, P=0.003).
There was no significant difference in the number of polyps de-
tected according to sex (P=0.20).

The ex-vivo study demonstrated that it took 5 minutes for
the insufflator tip to generate a significantly higher tempera-
ture (38.1 °C) compared to the control insufflators (23.9 °C)
(P <0.001) (▶Fig. 3). Despite this, there was no significant in-
crease in temperature at the colonoscope tip end (24.5 °C
[warm CO2] vs. 23.7° Celsius [control], P=0.62) (▶Table 3).
When a warm water bath was used to simulate the environment
in the colon, there was still no significant difference observed in
gas temperatures at the colonoscope tip end (25.5 °C [warm
CO2] vs. 23.3 °C [control], P=0.159). There was, however, a sig-
nificant difference in gas temperatures in the warm CO2 insuf-
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Allocated to room temperature air (n = 115)
• Received allocated intervention (n = 113)
• Did not receive allocated intervention (n = 2)
    – CO2 bottle not available (n = 1)
    – Required pediatric colonoscope (n = 1)

Not randomized (n = 77)
• Scheduled after study terminated (n = 22)
• Logistic reasons: room unavailable, CO2 empty (n = 32)*
• Patient cancelled (n = 10)
• Screen failed (n = 13)

Allocated to warmed CO2 (n = 114)
• Received allocated intervention ( n = 109)
• Did not receive allocated intervention (n = 5)
    – Research room unavailable (n = 5)

Discontinued intervention (n = 7)
• Switched to pediatric colonoscope (n = 5)
• Technically difficult plus patient discomfort-aborted  
 procedure (n = 1)
• Poor bowel prep-aborted procedure (n = 1)

Discontinued intervention (n = 11)
• Switched to pediatric colonoscope (n = 1)
• Technically difficult plus patient discomfort-aborted  
 procedure (n = 6)
• Poor bowel prep-aborted procedure (n = 3)
• Ran out of CO2 (n = 1)

Analyzed (n = 106) Analyzed (n = 98)

Contacted (n = 364)

Consented (n = 306)

Randomized

Declined (n = 58)

▶ Fig. 1 CONSORT flow diagram of subjects during study.

▶ Table 1 Demographics and technical details of colonoscopies.

Room Air (n=106) Warmed CO2 (n=98) P value

Age (years ± SD) 61.0 ±8.1 60.6 ± 7.6 0.72

Gender (female) 52 51 0.67

Indication: Screening or Surveillance 106 98 1

Preparation Type n (%) Polyethylene glycol 41 (38.7) 39 (39.8) 0.58

P/MC1 65 (61.3) 59 (60.2)

Preparation quality: % rated excellent or good using the Aronchick Scale 77.4 77.6 0.66

Hyoscine butylbromide used (n cases) 11 13 0.33

Midazolam (mean dose in mg±SD) 1.6 ± 0.6 1.4 ±0.5 0.08

Fentanyl (mean dose in mcg± SD) 75.3 ±28.4 73.5 ± 24.3 0.63

Cecal intubation time (minutes ± SD) 12.9 ±8.6 11.9 ± 6.4 0.34

Withdrawal time (minutes ± SD) 15.6 ±9.6 16.8 ± 8.7 0.34

NAPCOMS pain score 3.1 ± 2.2 2.5 ±2.0 0.049

NAPCOMS, Nurse Assessed Patient Comfort Score
1 sodium picosulfate plus magnesium citrate, with bisacodyl
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flator, between the insufflator end and colonoscope tip end,
both at 5 minutes (38.1 °C vs. 24.2 °C, P<0.001), and 10 min-
utes (39.2 °C vs. 24.6 °C, P<0.001). This suggests that despite
10 minutes of constant warming at the insufflator end, the
warm CO2 insufflator failed to deliver target temperatures to
the distal tip.

Discussion
The appeal of warmed CO2 for colonoscopy is in its potential to
improve polyp detection and hasten recovery for the patient.
This trial is the first to investigate whether using a CO2 insuffla-
tor that warms the gas prior to it passing through the colono-
scope would improve both bowel motility and polyp detection
rates. Warm water immersion has been associated with im-
proved patient comfort and adenoma detection, yet hasn't
been widely adopted [17]. This is likely due to relatively major
changes in endoscopist techniques required for implementa-

tion. Hyoscine butylbromide has been shown to have effects
on colonic motility and may improve polyp detection rates but
the agent also has several contraindications and systemic ef-
fects, such as tachycardia and increases in ocular pressure
[20–22, 28]. In contrast, CO2 has no side effects or possible
drug interactions, and allows for colonoscope insertion time
that is the same or even less than warm water immersion [24,
32, 33]. Despite its promise, this current study failed to demon-
strate a significant difference in polyp detection. Furthermore,
it revealed that the CO2, while warmed at the tip of the insuffla-
tor, returns to room temperature when it leaves the colono-
scope.

The approval process for such medical devices deserves re-
view. The Endostratus CO2 Insufflator is approved for medical
use in Canada, the United States, and European Union. The reg-
ulatory approvals in these regions appear to have been based
on the principles of safety, or lack of harm, rather than efficacy.
The data available through the regulatory agencies (Food and
Drug Administration and Health Canada) suggest the manufac-
turer submitted data showing the insufflator warmed the gas at
the point of exit of the insufflator itself, and no further data or
investigations were required to see if this warming was still
present at the end of the colonoscope. Nor was it necessary to
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▶ Fig. 2 Distribution of bowel spasm scores during colonoscopy in
patients in each group.

▶ Table 2 Polyp and adenoma detection results.

Room Air n=106 Warmed CO2 n=98 P value

Polyps per colonoscopy (mean± SD)1 1.71 ± 2.1 1.86± 2.6 0.66

Adenomas per colonoscopy (mean± SD) 0.94 ±1.49 1.08± 1.83 0.75

Polyp detection rate (%) 65.1 60.2 0.47

Adenoma detection rate (%) 48.1 45.9 0.75

Advanced lesion2 detection rate (%) 9.4 16.3 0.14

1 Polyps per colonoscopy calculated as total number of polyps found in sample divided by number of patients in group
2 Advanced lesions defined as adenocarcinoma, tubulovillous adenoma, adenoma with high grade dysplasia, or sessile serrated adenoma
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▶ Fig. 3 Mean temperature recordings at the insufflator tip in-
crease over time while the air delivered to the colonoscope tip re-
mains at a constant temperature.
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show any clinical benefit of the change in CO2 temperature. We
did request further information from the manufacturer but did
not receive a response. It is worth noting however, that the
manufacturer does not claim any such clinical benefit in their
promotional or regulatory filing documents.

As with all trials, this study has limitations. It is a single-cen-
ter trial, and is thus subject to potential bias. This is partly coun-
tered by the fact that it is a randomized, controlled, double-
blind trial, with 10 staff endoscopists. Early termination of the
study deserves discussion as well. The interim analysis was per-
formed in order to obtain preliminary data in an effort to secure
funding for the trial. When no difference in favor of the warm
CO2 for bowel motility was observed, we questioned the basis
of the study. This lead to further investigation of the instrument
itself, which unfortunately revealed that although the gas is
warmed at the site of the insufflator, when it has traversed the
tubing, umbilical cord of the colonoscope, and finally the shaft
of the scope (a distance of approximately 4 meters), the gas re-
turns to room temperature. This seems to happen regardless of
the starting gas temperature, as seen with the other insufflator
models, where room temperature CO2 arrived at the scope tip
at the same temperature as the warmed CO2. Once this infor-
mation was revealed, the premise of the study was lost and we
deemed it unethical to continue a study of “warmed CO2”,
knowing that the CO2 was not, in fact, warmed. Past studies
have already shown that room temperature CO2 has some ben-
efits, but that increased polyp detection isn’t among them.
Room air was chosen as the control group, as this remains the
standard of care in practice (although anecdotally it seems that
CO2 use is rising), and prior studies have failed to demonstrate a
benefit of room temperature CO2 compared to room air for
polyp detection. It seems, however, that even if room tempera-
ture CO2 had been used in comparison to the warm CO2, the re-
sults would have been one large cohort of room temperature
CO2, given the lack of practical effect of the warmer.

Conclusion
The search for methods to increase polyp detection during co-
lonoscopy, and thus reduce colon cancer, has included many
technical innovations. The current study failed to demonstrate
any benefit with use of a warm CO2 insufflator, but has not truly
assessed the effect of warm CO2. It is worth highlighting that as
modifications and new technology are presented to us, the

onus of whether such a device or innovation actually does
what it is purported to do has to date been on the manufactur-
er. Thus, asking to review such data is a reasonable request,
particularly in light of this study’s results. As new technologies
are introduced, a thorough examination of their premise
should be undertaken. Further, it is worth remembering that
one of the first major studies to change our practice yielded
the simple message for endoscopists to slow down and pay at-
tention [11]. It is likely that simple methods will continue to be
the most effective, and these are the ones we should continue
to seek.
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