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Abstract
Objective: This study compares the incidence of abdominal pain and distension, the magnitude of pain, abdo-
minal perimeter, and related complications related to two different insufflating agents. Patients and Method: 
Prospective analytical cohort study. Data were collected from 43 performances of endoscopic retrograde 
cholangiopancreatography (ERCPs) and 20 colonoscopies in which patients were insufflated with CO2. A 
control examination using ambient air for insufflation was performed for each patient. In total, 86 ERCPs and 
40 colonoscopies were performed. The study includes clinical characterizations, bivariate analysis and multi-
variate analysis. Results: The most painful procedure was colonoscopy, but 60% of colonoscopy patients and 
70% of ERCP patients had no pain 15 minutes after waking up following their examinations. No statistically 
significant differences related to reasons for examination, presence or intensity of pain at the time of the 
procedure, age, sex or diagnosis were found. The relative risk (RR) of immediate pain is 4.8 times higher when 
insufflation is done with air instead of CO2 (RR = 4.8; 95% CI: 2.3 to 9.2; p <0.001). The risk of abdominal 
distension in the air group was 2.6 times higher than that of the group insufflated with CO2 (RR = 2.6; 95% 
CI: 1.8 to 3.9; p <0.001). CO2 reduces the likelihood and extent of abdominal distension and immediate post 
colonoscopy or ERCP pain. There were no complications in any of the 126 patients. Conclusions: Abdominal 
pain and bloating occur less frequently and less intensely when CO2 is used as an insufflating agent. None of 
the procedures presented major complications.
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INTRODUCTION

Air insufflation is the most widely used method of expan-
ding the lumen of the colon for procedure. It has been used 
since the advent of colonoscopy in the 1960s, but it is one 
of the most obvious causes of patients’ discomfort during 
and after the procedure. (1)

The search for solutions to this annoying issue in this 
frequently used and broadly indicated procedure has led to 
two alternatives to air insufflation: the use of water and the 
use of carbon dioxide (CO2). (2, 3)

CO2 causes less pain than air because it is absorbed 160 
times faster than nitrogen and 13 times faster than oxygen, 
both of which are major components of air. CO2’s first 
published use as an insufflating agent was for colonoscopy 
in a 1984 study by Hussein et al. who showed its advantages 
over air insufflation. (2)

Multiple studies have compared air use with CO2 use 
for diverse insufflation variables such as the frequency and 
total duration of bathroom use for each patient following 
a procedure. CO2 was shown to result in less frequent and 
shorter trips to the bathroom. CO2’s advantages increase 
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the acceptance of colonoscopy by patients and enhance 
its use as the best screening method for colorectal cancer, 
inflammatory bowel disease and other pathologies. (4-7)

Abdominal bloating and flatulence, also reported by 
patients, can be measured objectively by the difference 
between a patient’s abdominal circumference prior to the 
procedure and after the procedure. It is also less with the 
use of CO2. (6) 

Endoscopic retrograde cholangiopancreatography (ERCP) 
has also been modified during its 50 years of existence to make 
it increasingly safe. (8) One change that has made it safer and 
more tolerable has been the use of CO2. (8-12)

There are no known comparative studies of Colombian 
patients that use multivariate analyses to calculate the 
magnitude of the effect on pain and immediate abdominal 
distension of the use of CO2 instead of air and which have 
sufficient power and which statistically adjust for relevant 
confounding variables related to the procedure.

Consequently, the objective of this study is to measure 
abdominal pain and bloating following colonoscopy and 
ERCP according to the insufflating agent, and then to com-
pare the results for CO2 with those for air and to evaluate 
associated factors.

PATIENTS AND METHODS

This is an observational, prospective, longitudinal and 
analytical cohort study. A minimum sample size of 80 
individuals was calculated to detect a change in the visual 
analogue scale of one point with a power of 90% and an α 
significance level of 0.05.

Records of forty-three ERCPs and 20 colonoscopies 
performed using CO2 insufflation were collected and mat-
ched with equal numbers of control cases who had been 
insufflated with ambient air. In total, 86 ERCP and 40 
colonoscopies were included in this study. All procedures 
were performed at the Union of Surgeons SAS, a center for 
advanced diagnostic and therapeutic digestive endoscopy 
located in Manizales, Colombia.

The same colonoscopy and ERCP equipment was used 
for all patients, and the same propofol sedation protocol 
was used for all patients. Univariate analysis was perfor-
med to characterize patients clinically and demographica-
lly. Bivariate analysis was performed to assess differences 
between pain scores and abdominal girths before and after 
the procedure and to analyze the comparability of the two 
groups (CO2 vs. ambient air) using chi-square or Fisher 
exact tests on qualitative variables. Similarly, parametric 
and non-parametric tests to identify distributions of nume-
rical variables were developed.

Multivariate analysis to calculate the relative risk (RR) 
of abdominal distension and pain after procedure was 

then performed. The insufflating agent adjusted for other 
variables with statistical and epidemiological criteria was 
analyzed as an explanatory variable by using a binomial 
regression model. (13, 14, 15)

Prior review and approval of an institutional ethics com-
mittee was obtained for this study, and it was classified as 
a minimal risk investigation that is in accordance with the 
principles established in the Helsinki Declaration, the gui-
delines of the Council of International Organizations of 
Medical Sciences (CIOMS), and in Resolution 008430 of 
October 4, 1993.

RESULTS

One hundred twenty-six records of 83 women (65.9%) and 
43 men (34.1%) between 14 and 93 years of age (mean age 
of 59.6 ± 18.1 years) were analyzed. Forty colonoscopies 
and 86 ERCP were recorded. The most frequent reasons 
for performing colonoscopy were rectal and abdominal 
pain, while the most frequent reasons for ERCP were cho-
ledocholithiasis, removal and placement of stents, shunts, 
and dilation of stenosis (Figure 1).

Clinical Results following Colonoscopy and ERCP 

Abdominal Pain prior to and after Procedure
A higher percentage of patients had no before the pro-
cedure (79.4%) than after (59.5%). Scores associated 
with moderate to severe pain (Greater than 3) were more 
frequent after the procedure. A statistically significant 
difference was found between pain prior to procedure 
and pain after procedure (Wilcoxon test, p = 0.0004). 
The differences between pain prior to procedure and pain 
15 minutes after procedure according to the insufflating 
agent were statistically significant when analyzed separa-
tely (Table 1).

Table 1. Differences between pain prior to procedure and pain 15 
minutes after procedure according to insufflating agent.

Air CO2 p
Difference between post-procedure pain and pre-procedure pain)

Median (IQR) 1 (0-2) 0 (0-0) 0.001*
Minimum −7 −4
Maximum 6 4

Difference in abdominal circumference (post-procedure pain and pre-
procedure)

Median (IQR) 2 (1–5) 0 (0–1) 0.0001†

Minimum −1 −2
Maximum 14 7

* Kruskal-Wallis test by ranks; † Wilcoxon test; IQR: interquartile range
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Figure 1. Principal Reasons for ERCP and colonoscopy. ERCP: endoscopic retrograde cholangiopancreatography.
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Figure 2. Frequency of differences in measurements of pain and abdominal circumference on admission and 15 minutes after procedure, according 
to insufflating agent.
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Post-procedure and Pre-procedure Abdominal 
Circumference
Patients’ abdominal circumferences after procedure were 
smaller in the group insufflated with CO2. The difference 
was statistically significant way (p = 0.0001). When analy-
zed alone, differences for colonoscopies (p = 0.015) and 
ERCP (p = 0.0001) were also statistically significant.

Analysis of the probability of a qualitative change bet-
ween post-procedure and pre-procedure measurements 
found that the difference between the two insufflating 
agents was most clearly evident 15 minutes after patients 
woke up following procedures. While pain and abdominal 
circumference did not change or improve over time in the 
majority of patients in the CO2 insufflated group, they ten-
ded to increase in the air insufflated group (Figure 2).

Comparison of pain and abdominal circumference 
before and after procedure, according to the 
insufflating agent

Group comparability
There were no statistically significant differences for these 
indications. Records were matched so that the number of 
ERCPs and colonoscopies were exactly the same for each 
insufflating agent. Similarly, there were no losses of infor-
mation that altered the comparability of the groups. The 
only statistically significant difference found was for the 
gender distribution (Table 2).

Multivariate Analysis
A multivariate model was used to control for the confoun-
ding effect of sex, the presence of pain at the time of the 
exam, the type of procedure, and the reason for the pro-
cedure. Any increase in the pain score with respect to the 
admission score was considered to be post-procedure pain, 
and any increase in the abdominal circumference was con-
sidered to be abdominal distension.

Statistically significant differences were found regarding 
post-procedure pain according to the insufflating agent 
(Table 3). The probability of the procedure triggering or 
worsening pain in air-insufflated patients was 4.8 times 
greater than the probability in CO2-insufflated patients. 
This was statistically significantly (95% CI: 2.3 to 9.2; p 
<0.001) regardless of the type of procedure, the sex of the 
patient, the reason for the procedure or the presence of 
pain at admission to the procedure room. It was also obser-
ved that the risk of pain after colonoscopy was 1.5 times the 
risk of pain after ERCP (95% CI: 1.1 to 2.1; p = 0.03).

Evaluation of the probability that the abdominal cir-
cumference would remain enlarged at the end of the proce-

dure found a statistically significant difference according to 
the insufflating agent and the type of procedure (Table 4). 
The persistence of increased abdominal circumference was 
2.6 times in the group insufflated with air than in the CO2 
group (95% CI: 1.8 to 3.9; p <0.001). It was also 1.4 times 

Table 2. Patient characteristics according to insufflating agent.

Insufflating Agent p
Air (n = 63) CO2 (n = 63)

Sex of the patient
Female 50 (79.4 %) 33 (52.4 %) 0.001*

Male 13 (20.6 %) 30 (47.6 %)
Reason for procedure

Abdominal pain 3 (4.8 %) 3 (4.8 %) 1†

Rectal pain 4 (6.3 %) 3 (4.8 %) 0.7†

Digestive bleeding 3 (4.8 %) 5 (7.9 %) 0.72†

Suspected tumor 1 (1.6 %) 2 (3.2 %) 0.5†

Constitutional syndrome 2 (3.2 %) 2 (3.2 %) 0.69†

Anemia 0 (0.0 %) 1 (1.6 %) 0.5†

Screening 1 (1.6 %) 1 (1.6 %) 0.75†

Diarrhea 3 (4.8 %) 1 (1.6 %) 0.62†

Constipation 1 (1.6 %) 1 (1.6 %) 0.75†

Follow-up 2 (3.2 %) 1 (1.6 %) 0.5†

Stenosis or fistula 3 (4.8 %) 8 (12.7 %) 0.21†

Choledocholithiasis 23 (36.5 %) 25 (39.7 %) 0.86*

Therapeutic 17 (27.0 %) 10 (15.9 %) 0.13*

Diagnosis
Biliary lithiasis 36 (57.1 %) 35 (55.6 %) 0.5*

Benign-looking tumor 9 (14.3 %) 9 (14.3 %) 1*

Malignant-looking tumor 5 (7.9 %) 5 (7.9 %) 1*

Diverticulosis 3 (4.8 %) 6 (9.5 %) 0.49†

Ulcerative colitis 2 (3.17 %) 1 (1.59 %) 0.5†

Normal 8 (12.7 %) 7 (11.1 %) 0.5†

Procedure performed
ERCP‡ 43 (68.3 %) 43 (68.3 %) 1
Colonoscopy 20 (31.7 %) 20 (31.7 %)
Age
Median (IQR) ¶

63 (46-74) 62 (46-76) 0.83‡

Abdominal circumference 
at admission
Median (IQR) ¶

92 (85-99) 92 (85-101) 0.95‡

Pain at admission 
Median (IQR) ¶

0 (0-0) 0 (0-0) 0.43‡

* Chi2 test; † Fisher’s exact test; ‡ ERCP: endoscopic retrograde 
cholangiopancreatography; IQR: interquartile range; ** Wilcoxon test
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Pain in the immediate post-ERCP period has also been 
shown to occur less frequently and to be less intense for 
colonoscopy for either insufflating agent. (8-11, 20) This 
can be explained by the fact that the amount of air or CO2 
required to distend the colon area is greater than that requi-
red to distend the duodenum for performance of ERCP.

The comparison between changes in the intensity and inci-
dence of pain in all analysis subgroups was statistically signi-
ficant in favor of the use of CO2 as a strategy to improve the 
tolerability of the diagnostic procedure, as has been observed 
in other randomized experimental studies. (1 -5)

higher for colonoscopy than for ERCP (95% CI: 1.1 to 1.7, 
p = 0.03).

DISCUSSION

This analysis’ results regarding abdominal pain and bloating at 
the time of patient recovery favor use of CO2 as the insuffla-
ting agent. Pain was found to occur in 1 out of 8 air-insufflated 
patients in the period immediately following colonoscopy 
which is consistent with other studies’ findings.  (18, 19) Pain 
was found in 4 out of 10 air-insufflated ERCP patients.

Table 3. Multivariate analysis of the effect of the insufflating agent on the incidence of pain following colonoscopy and ERCP.

Post-exam pain  
n (%) 

Raw RR * 
(95 CI %)

p Adjusted RR*
(95 CI %)

p

Insufflation agent
Air (n = 63) 33 (52.4 %) 4.1 (2.1-5.2) <0.0001 4.8 (2.3-9.2) <0.001
CO2 (n = 63) 8 (12.6 %)

Reason for procedure
Therapeutic (n = 27) 7 (25.9 %) 0.8 (0.4-1.5) 0.41 0.7 (0.4-1.5) 0.4
Other (n = 99) 34 (34.3 %)

Pain at the start of the exam
Present (n = 26) 5 (19.2 %) 0.53 (0.23-1.23) 0.1 0.6 (0.3-1.4) 0.27
Absent (n = 100) 36 (36.0 %)

Sex
Female (n = 83) 30 (36.2 %) 0.7 (0.4-1.3) 0.23 1.1 (0.7-1.7) 0.71
Male (n = 43) 11 (25.6 %)

Process
Colonoscopy (n = 40) 16 (40.0 %) 1.4 (0.8-2.3) 0.22 1.5 (1.1-2.1) 0.03
ERCP † (n = 86) 25 (29.1 %)

* RR: Relative risk; † ERCP: endoscopic retrograde cholangiopancreatography

Table 4. Multivariate analysis of the effect of the insufflating agent on abdominal circumference following colonoscopy and ERCP.

Post-exam abdominal bloating  
n (%) 

Raw RR * 
(95 CI %)

p Adjusted RR*
(95 CI %)

p

Insufflation agent
Air (n = 63) 50 (79.4 %)

2.5 (1.7-3.7) <0.0001 2.6 (1.8-3.9) <0.001
CO2 (n = 63) 20 (31.8 %)

Sex
Female (n = 83) 48 (57.8 %)

0.9 (0.6-1.3) 0.29 1.2 (0.9-1.6) 0.3
Male (n = 43) 22 (51.2 %)

Process
Colonoscopy (n = 40) 27 (67.5 %)

1.4 (0.9-1.8) 0.05 1.4 (1.1-1.7) 0.03
ERCP † (n = 86) 43 (50.0 %)

* RR: Relative risk; † ERCP: endoscopic retrograde cholangiopancreatography
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Recent metaanalyses in European and North American 
populations have also shown evidence of strong statistical 
association between the use of air insufflation and higher inci-
dence and intensity of immediate and mediate pain. (9, 10, 12)

Similarly, consist with other published studies, abdomi-
nal distension was significantly less in our CO2 insufflated 
group than in the group insufflated with air. (3, 6).

The incidence of complications from both procedures 
does not exceed 0.2% which explains their absence in this 
study. (21-23)

There are no other known, comparable results from 
Colombia regarding the magnitude of the effect of using 
CO2 insufflation rather than air insufflation. Although not 
part of an experimental study, these results provide suffi-
cient evidence that is consistent with the current state of 
the art in favor of the use of CO2 in colonoscopy and ERCP. 
CO2 insufflation should be used as a strategy to decrease 
the incidence and intensity of pain and abdominal bloating 
in scheduled colonoscopies and ERCP here in Colombia.
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