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Abstract
Background  Insufflation of the colon allows for adequate visualization of the mucosal tissue and advancement of the 
endoscope during colonoscopy. Most colonoscopies are performed with sedation to mitigate discomfort and enhance the 
colonoscopy experience for both the patient and the endoscopist.
Aim  We aimed to evaluate factors associated with difficulty maintaining insufflation.
Methods  A cross-sectional study of individuals undergoing colonoscopy at the Oklahoma City Veterans Affairs Medical 
Center was performed. Experiencing difficulty maintaining air insufflation during colonoscopy was assessed with a ques-
tionnaire completed by the performing endoscopist at the end of procedure. Information regarding procedure times, seda-
tion used, demographics, comorbidities, surgical history, and medications used was extracted from the medical record. A 
multivariate regression analysis was performed to identify factors associated with difficulty maintaining air insufflation. A 
P value < 0.05 was considered significant.
Results  996 Patients were included for the analysis. Difficulty with insufflation was reported in 240 (24%) colonoscopies; 
mean age of 63.8 ± 10.4 years old and 13% were female. Fellow trainees were involved in 669 (67%) colonoscopies. Older 
age (OR 1.02, P 0.03, CI [1.00–1.04]), diabetes (OR 1.5, 95% CI [1.03, 2.05]), fellow’s involvement (OR 2.6. (95% CI [1.68, 
4.09]), total procedure time (OR 1.02, 95% CI [1.00, 1.03]), mean number of adenomas (OR 1.05, 95% CI [1.00, 1.09]), and 
MAC use (OR 2.6, 95% CI [1.80, 3.85]) were independent predictors for difficulty in maintaining air insufflation.
Conclusion  Our findings suggest that endoscopists should be cognizant of colon insufflation issues in older, diabetic patients 
undergoing colonoscopies under deep sedation, particularly if prolonged procedure is anticipated or encountered.
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Abbreviations
CRC​	� Colorectal cancer
MAC	� Monitored anesthesia care
ADR	� Adenoma detection rate
BBPS	� Boston Bowel Preparation Scale

VAMC	� Veterans Affairs Medical Center
EMR	� Electronic medical record
COPD	� Chronic obstructive pulmonary disease
BMI	� Body mass index
SD	� Standard deviation

Introduction

Multiple factors, including excellent bowel preparation, a 
high cecal intubation rate, and a high adenoma detection 
rate (ADR), are associated with performing a high-quality 
colonoscopy examination [1]. ADR is improved by adequate 
withdrawal time (at least 6 min) [2] and excellent exposure 
of mucosal surface to detect polyps [3]. Many techniques 
and tools, such as retroflexion in the right colon and distal 
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endoscope attachments (such as Endocuff), have been used 
to improve colon mucosa exposure [4].

Although maintaining adequate colon insufflation on 
withdrawal is also critical to mucosal exposure, endoscopists 
do not infrequently encounter difficulties. The difficulties 
are due to either frequent colonic spasms or inability to 
hold gas due to an incompetent anal sphincter. Medications 
such as peppermint oil and lidocaine [5] and methods such 
as warm water infusion [6] have been trialed in efforts to 
reduce colonic spasms during colonoscopies. However, lit-
tle is known about the prevalence or underlying factors that 
influence difficulty in maintenance of insufflation during 
colonoscopy.

In the present study, we aimed to investigate how often 
endoscopists experience difficulty with maintaining insuf-
flation. Furthermore, we sought to identify factors that may 
be associated with difficulty maintaining insufflation during 
colonoscopies.

Methods

We performed a cross-sectional study of patients who 
underwent colonoscopies at the Veterans Affairs Medical 
Center (VAMC) in Oklahoma City from November 2019 to 
November 2020. This study was approved by the University 
of Oklahoma Health Sciences Center Institutional Review 
Board and the Oklahoma City VAMC Research and Devel-
opment Committee.

Patients with missing data and aborted procedures were 
excluded. Colonoscopies were performed by 1 of 9 of our 
gastroenterology fellows spanning all 3 years of training, 
under the supervision of 1 of 8 gastroenterology attending 
physicians. Each gastroenterology attending physician had 
performed more than 2000 colonoscopies before inclusion 
in the study.

Indications for colonoscopies included screening, posi-
tive fecal immunohistochemistry test, abdominal or bowel 
symptoms, and surveillance of polyps. All patients received 
polyethylene glycol-based bowel preparation in a split-dose 
regimen and were instructed to follow a clear liquid diet 
1 day before the procedure. Procedures were done under 
monitored anesthesia care (MAC) with propofol or moder-
ate sedation with fentanyl, midazolam, and, on occasion, 
diphenhydramine. Carbon dioxide was used for insuffla-
tion in all cases. Glucagon was used at the discretion of the 
endoscopist.

Data collection was done in two parts: manual collection 
from the electronic medical record (EMR) at the VAMC and 
via a post-procedure questionnaire. Data obtained from the 
EMR included patient demographics (including age, sex, 
race, BMI), comorbidities, active medications, previous 
surgeries, family history of colon cancer, and social history. 

Procedure details obtained from the EMR included type and 
doses of sedatives, Boston Bowel Preparation Scale (BBPS), 
polyp number, polyp size, polyp location, and procedure 
times, including insertion, withdrawal, and total procedure 
time. A post-procedure questionnaire completed by the 
endoscopist assessed whether there was difficulty maintain-
ing insufflation during the procedure using a dichotomous 
question (yes/no). This was completed either by the attend-
ing physician or the fellow if he/she was involved in the 
procedure.

Statistical Analysis

SAS software (SAS Institute, Cary, NC, USA) was used 
for data analyses. Continuous variables were reported as 
mean ± SD. Categorical variables were reported as percent-
ages. Two-sided t test was used to compare the means of 
continuous variables. χ2 Test was used to compare the cat-
egorical variables. A P value of < 0.05 was considered statis-
tically significant. Multivariable stepwise logistic regression 
analysis was performed to calculate adjusted odds ratio (OR) 
by entering all variables with at least a modest correlation 
(P < 0.1) into a model.

Results

During the study period, 1095 patients with colonoscopies 
were invited to complete the survey. Ninety-nine patients 
(9%) were excluded because of missing questionnaires 
(96/1095) or aborted procedures (3/1095; Fig. 1). A total of 
996 colonoscopies were included in the final analysis. The 
mean age of participants was 60 ± 12 years, 88% were male, 

Fig. 1   Flowchart showing selection of study participants
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and 72% were Caucasian. The most common indication for 
colonoscopy was polyp surveillance. Fellows were involved 
in 677 (68%) colonoscopies. Difficulty maintaining insuffla-
tion was reported in 240 (24%) of cases.

Patients for whom endoscopists reported having diffi-
culty maintaining insufflation were more likely to be dia-
betic, smokers, and have chronic obstructive pulmonary 
disease (COPD) or hypertension (Table 1). In addition, 
difficulty maintaining air insufflation was more likely to 
be reported in longer procedures, procedures that involved 
fellows, procedures performed under MAC sedation, and 

procedures in which the patients had a large number of 
adenomas (Table 2). As expected, glucagon use was more 
common in procedures with difficulty maintaining air 
insufflation (Table 2). No statistical significance was seen 
in the number of procedures in which only left-sided colon 
polyp was found between those with difficulty maintaining 
air insufflation vs those without (Table 2).

Multivariable logistic regression analysis found that 
age, diabetes, longer procedure, fellow’s involvement, 
number of adenomas, and MAC sedation were independent 

Table 1   Baseline characteristics 
of participants

SD standard deviation, BMI body mass index, IBD inflammatory bowel disease, COPD chronic obstructive 
pulmonary disease, HTN hypertension, OSA obstructive sleep apnea, CAD coronary artery disease

Difficulty maintaining insuf-
flation (n = 240)

No difficulty (n = 756) P value

Age, mean ± SD 63.8 ± 10.4 59.8 ± 12.3  < 0.0001
Female sex, n (%) 31/240 (12.9) 87/756 (11.5) 0.56
White race, n (%) 185/240 (77.1) 536/756 (70.9) 0.29
BMI, mean ± SD 30.7 ± 6.6 30.9 ± 6.5 0.63
IBD, n (%) 8/240 (3.3) 28/756 (3.7) 0.82
Diabetes, n (%) 104/240 (43.3) 228/756 (30.2) 0.0002
Cirrhosis, n (%) 6/240 (2.5) 25/756 (3.3) 0.53
Stroke, n (%) 11/240 (4.6) 22/756 (2.9) 0.21
Dementia, n (%) 4/240 (1.7) 7/755 (0.9) 0.34
Constipation, n (%) 34/240 (14.2) 83/755 (10.9) 0.18
Hypothyroidism, n (%) 30/240 (12.5) 89/756 (11.8) 0.76
COPD, n (%) 46/240 (19.2) 92/756 (12.2) 0.006
HTN, n (%) 177/240 (73.8) 456/755 (61.6) 0.0006
OSA, n (%) 77/240 (32.1) 223/755 (29.5) 0.45
CAD, n (%) 38/240 (15.8) 101/756 (13.4) 0.33
Alcohol abuse, n (%) 34/240 (14.2) 117/756 (15.5) 0.62
Smoking, n (%) 70/234 (33.8) 189/738 (25.6) 0.02
Abdominal surgery, n (%) 89/233 (38.2) 295/7385 (39.9) 0.91
Narcotics use, n (%) 21/240 (8.8) 57/756 (7.5) 0.71

Table 2   Procedure-related 
characteristics among those 
with difficulty maintaining air 
insufflation and those without 
difficulty during colonoscopy

MAC monitored anesthesia care, SD standard deviation, ADR adenoma detection rate

Difficulty maintaining 
insufflation (n = 240)

No difficulty (n = 756) P value

MAC, n (%) 90/240 (37.5) 223/756 (29.5) 0.02
Total procedure time (min), mean ± SD 42.8 ± 22.6 33.1 ± 18.8  < 0.0001
Insertion time, mean ± SD 9.6 ± 6.7 8.9 ± 7.7 0.21
Withdrawal time (min), mean ± SD 24.2 ± 15.6 33.6 ± 22.1  < 0.0001
Adequate bowel preparation, n (%) 222/239 (24.3) 715/745 (95.9) 0.05
Glucagon use, n (%) 5/240 (2.1) 5/756 (0.7) 0.05
Fellows involvement, n (%) 191/240 (79.6) 486/756 (64.2)  < 0.0001
ADR, n (%) 166/240 (69.2) 419/756 (55.4) 0.0002
Number of adenomas, mean ± SD 3.3 ± 4.7 1.9 ± 3.2  < 0.0001
Left-sided colon polyp only, n (%) 157/240 (65.4) 534/756 (70.6) 0.13
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predictors for difficulty maintaining insufflation as experi-
enced by the endoscopist (Table 3).

Discussion

Maintaining adequate insufflation is critical to completing 
a high-quality colonoscopy. Our findings showed that dif-
ficulty in maintaining air insufflation during colonoscopy 
was reported in nearly a quarter of the colonoscopies per-
formed. We found that three non-modifiable factors (age, 
diabetes, and number of adenomas) and three modifiable 
factors (longer procedure, fellows’ involvement, and MAC 
sedation) were independently associated with difficulty 
maintaining air insufflation during colonoscopy.

One of the modifiable factors, MAC, was associated 
with a twofold increase in reporting difficulty maintaining 
air insufflation by our endoscopists (OR 2.2, P < 0.0001, 
CI [1.5, 3.1]). Anorectal manometry studies in patients 
sedated with propofol have demonstrated reduction in rest-
ing anal sphincter pressures [7, 8] which could explain our 
finding. In many countries, colonoscopies are performed 
with minimal to no sedation. In the US, however, the vast 
majority are performed with sedation. Moreover, deep 
sedation is utilized in up to 35% of these cases [9]. This 
trend is driven by increased patient satisfaction, financial 
gain, and presumed increased efficiency [9]. A recent 
meta-analysis failed to show higher ADRs or polyp detec-
tion rates (PDR) with deeper sedation [10]. On the con-
trary, a large retrospective study on administrative claims 
data suggested a 13% increased complication rate in pro-
cedures performed with propofol use [9]. It has also been 
suggested that the reduced feedback from the patient dur-
ing deep sedation discourages practice of good endoscopic 

technique [11]. Therefore, even though practice efficiency 
gains from use of MAC may offset the higher operating 
costs, it does have noteworthy downsides, including dif-
ficulty in maintaining insufflation.

Longer procedure time is another modifiable risk factor 
associated with increased reports of difficulty maintain-
ing air insufflation by endoscopist. In our study, we found 
prolonged procedure time to be related to fellows’ involve-
ment (41 ± 19.9  min vs. 22.3 ± 13.7  min, P < 0.0001), 
having three or more adenomas (45 ± 23.7  min vs. 
31.5 ± 17.0 min, P < 0.0001), and less than excellent bowel 
preparation defined as Boston Bowel Preparation score < 7 
(42.3 ± 21.2 min vs. 33.3 ± 19.4 min, P < 0.0001). Subopti-
mal bowel preparation equates to more time spent cleaning. 
Suctioning fluid and washing was found to occupy up to 10% 
of total procedure time at some public and private hospitals 
[12]. Limited data are available regarding time allocation or 
time spent removing multiple polyps or large/complex pol-
yps. One study reported the mean actual procedural time to 
be increased by 9 min when polypectomy was involved [13]. 
These measures can be even more time consuming at endos-
copy units run and operated by trainees. The association 
of fellows with longer procedure times has been previously 
reported, with procedure time decreasing as fellows advance 
in their training years [14, 15]. Our findings emphasize the 
importance of optimizing bowel preparation and being more 
cognizant of time with fellows’ involvement. Consideration 
of other measures, such as endoscopic simulation, should 
be utilized and evaluated as a means of mitigating the long 
procedure durations seen early in endoscopic training. While 
we do not suggest shortening routine procedure times given 
withdrawal times approaching 9 min are associated with 
higher ADRs, our findings indicate that endoscopists should 
be cognizant of spasm issues when planning for prolonged 
procedures such as mucosal resections.

Fellows’ involvement by itself was found to be an inde-
pendent predictor for difficulty maintaining air insufflation 
during colonoscopy. A Canadian simulation study indicated 
that trainees tend to insufflate more air during colonoscopy 
than expert endoscopists [16]. Bassotti et al. demonstrated 
that balloon distension of various colon segments results 
in colonic motility in 50% of healthy subjects, with more 
prolonged large propagated contractions observed in the left 
colon [17]. Thus, prolonged and excessive colon distension 
likely results in increased frequency of spasms which may, 
in part, account for the findings of our study.

Up to 9% of diabetics struggle with fecal incontinence 
[6]. A study by Schiller et al. suggested relative to healthy 
controls, diabetics have lower anal sphincter pressures [18]. 
It is not surprising, then, that endoscopists in our study felt 
that patients with diabetes had more difficulty maintaining 
insufflation than did patients without diabetes (OR 1.43, P 
0.04, CI [1.02, 2.01]).

Table 3   Independent predictors for difficulty maintaining air insuffla-
tion during colonoscopy

OR odds ratio, HTN hypertension, MAC monitored anesthesia care, 
COPD chronic obstructive pulmonary disease

OR P value 95% 
confidence 
limits

Wald

Age 1.02 0.02 1.003 1.036
Diabetes 1.45 0.03 1.03 2.04
COPD 1.21 0.40 0.78 1.89
HTN 1.29 0.18 0.89 1.86
Smoking 1.02 0.92 0.73 1.41
Total procedure time 1.02 0.001 1.006 1.03
MAC sedation 2.63  < 0.0001 1.68 3.85
Fellows involvement 2.63  < 0.0001 1.68 4.09
Adequate bowel preparation 0.68 0.24 0.34 1.31
Mean number of adenomas 1.05 0.04 1.003 1.09
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Endoscopists in our study noted more difficulty in main-
taining insufflation in older patients (OR 1.02, P 0.03, CI 
[1.002, 1.03]). This difficulty is likely a consequence of the 
anal sphincters weakening with age and is the reason fecal 
incontinence is more prevalent in the elderly [19, 20].

Our study has several unique strengths. The most notable 
strength is that a large number of procedures were evalu-
ated immediately after completing the procedure, which has 
a major impact in reducing recall bias. In addition, multi-
variable regression analysis was used to control for possible 
confounders.

There are several limitations. First, although we were 
able to adjust for many factors potentially associated with 
difficulty maintaining air insufflation, there are likely other 
confounders for which we were unable to adjust, such as 
the presence of irritable bowel syndrome and diverticulo-
sis. Second, because this was a single-center study based 
at the VA with a predominantly white male population, it 
is not generalizable to the average community population. 
Third, we did not assess the two different types of difficulty 
maintaining air insufflation (spasm vs. inability to hold air 
because of decreased anal tone) separately. Fourth, it is dif-
ficult to tease out precisely why spasms were more frequent 
in prolonged procedures, and while we hypothesized that 
spasms lead to prolonged procedures, the converse may 
indeed be true. Finally, the subjective nature of the assess-
ment of insufflation and variation among endoscopists in 
this regard could potentially result in misclassification bias. 
Future studies which quantitate air insufflation during colo-
noscopy and correlate this endoscopist’s perception would 
help define this issue more accurately.

Conclusion

As MAC sedation gains popularity among endoscopy 
practices, our findings suggest that endoscopists should 
be cognizant of colon insufflation issues in older, diabetic 
patients undergoing colonoscopies under deep sedation, and 
in patients with prolonged procedure times. Limiting use 
of MAC in this population, avoiding overdistension of the 
colon, and being time-conscious in procedures involving 
fellows may help minimize issues with colonic insufflation.
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