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Abstract

AIM: ColoWrap is an external abdominal compression device applied during colonoscopy to 

reduce looping and procedure time. It is unclear if a shorter procedure duration or increased 

abdominal pressure impacts polyp detection. We determined if use of ColoWrap affected adenoma 

detection rate (ADR) or detection of sessile serrated polyps (SSP) compared to sham.

MATERIALS AND METHODS: At a single center, participants aged 40–80 were randomized 

to have ColoWrap or a sham device applied to the lower abdomen. Baseline characteristics, 

procedural factors, location of polyps, ADR and SSP detection rate (SSPDR) were compared 

between the groups. Multivariable logistic regression was performed to assess whether ColoWrap 

was associated with detection of adenomas and SSP.

RESULTS: Of 350 participants, 175 were assigned to each arm. Overall, there were no significant 

differences in ADR (43% vs 40%, p = 0.52) or SSPDR (8% vs 6%, p = 0.53) between ColoWrap 

and sham. In sub-group analysis, there were increased odds of adenoma detection with ColoWrap 

in women (OR: 2.32, 95%CI: 1.21, 4.46), participants > 60 years (OR: 2.95, 95%CI: 1.43, 6.07) 

and those with a BMI 30–40 (OR: 3.50, 95%CI: 1.00, 12.23). Use of ColoWrap also increased 

ADR in the left colon (splenic flexure to rectum) (29% vs 22%; p = 0.03) and increased SSPDR in 

the cecum/ascending colon (6% vs 2%; p = 0.02) compared to sham.

CONCLUSION: Use of ColoWrap during colonoscopy did not negatively impact ADR or 

SSPDR, and there was an apparent improvement in polyp detection in certain colon locations 
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and patient sub-groups. These results should be interpreted with caution due to the small sample 

size.
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INTRODUCTION

Colorectal cancer (CRC) is the second leading cause of cancer deaths in the United States[1] 

and screening for CRC with colonoscopy has been shown to decrease mortality through 

earlier detection of malignant and pre-malignant lesions[2–5]. There is evidence that removal 

of adenomatous polyps specifically during colonoscopy reduces the risk of CRC and CRC 

mortality[6–8]. Adenoma detection rate (ADR) is currently an established quality metric and 

is recommended by professional societies and Centers for Medicare and Medicaid services 

as a measure of colonoscopy quality[9,10]. Sessile serrated polyps (SSP) are histologically 

distinct from conventional adenomas, but are also important CRC precursor lesions that 

likely contribute to the problem of “interval” or post-colonoscopy CRC[11–13]. For this 

reason, SSP detection rate (SSPDR) is being increasingly reported and recognized as an 

important measure of colonoscopy quality[14–17].

Given the importance of ADR as an indicator of colonoscopy quality, multiple interventions 

have been developed targeted at improving ADR. Some are procedural factors such as 

quality of pre-procedural bowel preparation with split dose regimens and maneuvers such 

as retroflexion in the cecum, withdrawal time, dynamic position changes, and ancillary 

maneuvers, which have all been shown to increase ADR[18–23]. Application of abdominal 

pressure is commonly used during colonoscopy to prevent looping and can shorten 

examination time and decrease patient discomfort[24,25]. It is plausible that a standardized 

approach to applying abdominal pressure may improve ADR and SSPDR by decreasing 

cecal intubation time (CIT) and allowing more time for careful withdrawal. It is also 

possible that abdominal pressure could reduce polyp detection due to compression of the 

lumen and kinking of the colon. In a previous report, we showed that application of a 

non-invasive abdominal compression device, ColoWrap, reduced cecal intubation time (CIT) 

in obese populations in particular[26]. It is unknown if a shorter procedure duration or 

increased abdominal pressure affects polyp detection.

The aim of this study was to determine if the use of ColoWrap affects ADR and SSPDR 

compared to controls. We hypothesized that use of ColoWrap would not decrease detection 

of adenomas and SSP compared to the sham device.

METHODS

Study Design

A randomized, blinded, sham-controlled clinical trial was performed to determine if use of 

the ColoWrap abdominal binder reduced insertion time and need for additional maneuvers 

during colonoscopy. This was a single center study conducted at multiple endoscopy 
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facilities at the University of North Carolina Hospitals[26]. The present study is a secondary-

analysis of the clinical trial data analyzing the effect of the intervention on polyp detection.

Study Population

Participants undergoing colonoscopy were enrolled between April 2013 and March 2014. 

Eligible participants for inclusion were between the ages of 40–80, healthy (American 

Society of Anesthesiologists Class I-III), completed bowel preparation prior to the procedure 

with at least adequate visualization for polyp detection, and were English speaking. Body 

mass index (BMI) was calculated using height and weight measurements. Subjects were 

excluded if they had a BMI > 40 kg/m2 or waist circumference > 45 inches due to device 

size limitations. Additional exclusion criteria and study procedures have been described in 

detail previously[26].

Study Procedures

Full details of the study protocol have previously been published[26]. In brief, participants 

were randomized, stratified by gender, to receive ColoWrap or sham device and allocation 

was concealed. Study coordinators applied ColoWrap or sham external compression device 

and subsequently covered the abdominal area with an opaque sheet to mask treatment 

assignment. All procedures were performed with patients in the left lateral decubitus 

position and all cases, except two, used propofol for sedation. Changes in position and 

application of manual pressures was used at the discretion of the endoscopist during the 

procedure, and the external compression device was also allowed to be removed for clinical 

or safety reasons. The study was approved by the UNC Institutional Review Board prior to 

initiation, and all participants provided written informed consent. The trial was registered on 

clinicaltrials.gov prior to initiation (NCT0202550).

Outcome and covariate measurement

Colonoscopy and pathology reports from each case with polyps removed were reviewed 

individually to ascertain the number of polyps, histology, and location of each polyp. ADR 

and SSPDR were defined as the proportion of cases with at least one conventional adenoma 

or SSP respectively. We also analyzed the outcome of either a conventional adenoma or 

SSP, and total number of conventional adenomas per colonoscopy. Right-sided or proximal 

lesions were defined as polyps located in the cecum, ascending colon, hepatic flexure, or 

transverse colon. Left-sided lesions were polyps found in the rectum, sigmoid or descending 

colon, or splenic flexure. Withdrawal time was measured in standard fashion from time of 

cecal intubation to time that the colonoscope was removed from the patient.

Statistical analysis

Descriptive statistics and bivariate analyses were used to compare participant, procedural, 

and polyp characteristics between the ColoWrap and sham arms by using Student’s t 
test and Wilcoxon rank sum for continuous variables and Pearson chi-squared tests for 

categorical variables. ADR was calculated for pre-specified groups based on age, sex, and 

BMI. Differences in polyp detection based on location in the colon between the two arms 

were also compared. Multivariable logistic regression was performed to assess whether use 
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of ColoWrap was associated with detection of adenomas and SSP, after adjusting for a 

combination of variables including age, sex, bowel prep, withdrawal time, and endoscopist 

experience. Testing for effect measure modification for sex and age using likelihood ratios 

was performed. Differences were considered statistically significant at an alpha level < 0.05. 

All analyses were performed by using STATA 13 (StataCorp, College Station, TX).

RESULTS

Participant and procedural characteristics

Out of 350 participants, there were 175 in each arm (Table 1). Sixty-two percent of the 

sample was women, and there were no significant differences between the two groups in 

age, sex, race, and BMI. A majority underwent colonoscopy for screening or surveillance 

purposes. Both groups predominantly had good or excellent bowel prep and had comparable 

withdrawal times. Both arms had approximately 70% of the cases performed by senior 

faculty. Additional details regarding participant and procedural characteristics have been 

published previously[26].

Polyp Characteristics

Sixty-three percent of the ColoWrap group and 69% in the sham group had polyps detected 

on colonoscopy, p = 0.31 (Table 2). The sham arm had a higher percent of hyperplastic 

polyps detected compared to ColoWrap group, 31% vs 22%, p = 0.04. There were no 

differences between the groups in the number of SSP (6% vs 8%; p = 0.53) or adenomas 

(40% vs 43%; p = 0.52) detected. In bivariate analysis, ColoWrap was associated with 

increased detection of adenomas in women (40% vs 30%; p = 0.12), those older than 60 

years (53% vs 39%; p = 0.06) and those with a BMI between 30–40 (53% vs 40%; p = 0.26) 

but these differences were not statistically significant (Figure 1).

In multivariable analysis, there was no significant difference in adenoma or SSP detection 

between ColoWrap vs sham (ORs 1.47 (95% CI: 0.91, 2.37) and 1.44 (95% CI 0.60, 3.44) 

respectively). In pre-specified sub-groups, women had over twice the odds of adenoma 

detection with ColoWrap when compared to sham (OR 2.32 (95% CI: 1.21,4.46) (Table 

3). There were also increased odds of adenoma detection in people > 60 years (OR 2.95; 

95% CI 1.43, 6.07) and in the obese BMI 30–40 group (OR 3.50; 95% CI 1.00, 12.23). In 

addition, there were increased detection rates of the combined group of adenoma or SSP 

in women, obese, and older participants. There was no difference in adenoma detection 

between ColoWrap and sham arms in men, non-obese, and younger participants. There was 

significant effect measure modification noted based on age with a likelihood ratio of p = 

0.02. There was no significant effect measure modification with sex.

Location of detected polyps

Overall polyp detection in the right (33% vs 34%, p = 0.73) and left (40% vs 43%, p = 0.93) 

colon was similar in ColoWrap and sham (Table 4). Use of ColoWrap was associated with 

increased polyp detection in the cecum and ascending colon (24% vs 17%; p = 0.02). There 

was no difference in detection of right-sided adenomas; however, there was an increased 

proportion of participants with adenomas in the left colon (splenic flexure to rectum) with 
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use of ColoWrap (29% vs 22%; p = 0.03) compared to sham. There were no differences in 

the location (right vs left colon) of SSP, but there was increased detection of SSPs in the 

cecum/ascending colon (6% vs 2%; p = 0.02). Finally, no differences in hyperplastic polyps 

(HP) detection were noted based on polyp location in the right vs left colon.

Per-polyp analysis

The number of polyps at each location of the colon was also determined between the 

ColoWrap and sham groups (Figure 2). There were a total of 245 polyps (130 adenomas, 

23 SSP, 92 hyperplastic) in the sham group and 240 polyps (138 adenomas, 28 SSP, 74 

hyperplastic) in the ColoWrap group. The per polyp analysis (Table 5) showed no significant 

differences in the total number of adenomas, SSP or hyperplastic polyps found in the right 

and left colon with use of ColoWrap.

DISCUSSION

In this study, we showed that use of an external abdominal compression device, did 

not decrease detection of adenomas or SSP compared to sham. ColoWrap use was 

independently associated with increased adenoma detection in women, those older than 

60, and in moderately obese (BMI 30–40) participants; however, these associations are 

inconclusive given the sample size in each stratum. There was no difference in the detection 

of SSP but there was an increased detection of the combined outcome of conventional 

adenomas and SSP in the same subgroups with ColoWrap use. In addition, use of ColoWrap 

was associated with increased detection of left sided adenomas and increase SSPs in the 

cecum/ascending colon, specifically.

It is well established that removal of adenomas on colonoscopy reduces the risk of CRC, 

and it stands to reason that removal of SSP is also beneficial[6,11,27]. Conventional adenomas 

progress to colorectal cancer through the well described adenoma-carcinoma sequence[28]. 

In contrast, SSP carcinogenesis is thought to occur via a distinct “serrated pathway” through 

mechanisms such as BRAF oncogene mutations, gene promoter hypermethylation, and 

inactivation of DNA mismatch repair genes[29–32]. ADR, which has been shown to be 

correlated with SSPDR[14]. is associated with a lower risk of interval cancers as well[2,33]. 

More specifically ADR > 20% is associated with lower rates of interval CRC[33]. Like 

conventional adenomas, SSPs are also thought to be associated with interval cancers[34–36]. 

It is hypothesized that SSPs, which are predominantly right sided, tend to be missed or 

incompletely resected during colonoscopy[29,37,38]. In addition, SSPs with dysplasia may 

progress to CRC at a more rapid rate[39,40].

Increased detection of adenomas and SSPs and reduced incidence of interval cancer after 

screening colonoscopy have been associated with longer withdrawal times of > 6 minutes 

with careful mucosal inspection[14,41–44]. In our study, there was no significant difference in 

withdrawal times between the two groups in both intention to treat and per-protocol analysis 

suggesting that differences in adenoma detection was possibly due to other factors that aid in 

better visualization of the colonic mucosa.
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One such factor that can improve ADR is adequate luminal distention[18]. The increased left 

sided adenoma detection could be due to increased stability provided by ColoWrap resulting 

in enhanced luminal distention and straightening of the sigmoid colon. It is also possible 

that that the external support provided by ColoWrap can lead to decreased “fall back” of 

the instrument during withdrawal leading to increased mucosal visibility for identification of 

adenomas and SSPs. This may also explain the increased detection of SSP in the cecum and 

ascending colon where there is greater risk of “fall back” during withdrawal.

Despite no differences in withdrawal or cecal intubation times, women and older participants 

had increased ADR with use of ColoWrap. These two groups have been described to have 

longer and more redundant colons with sharp angulations, specifically in women[45–48]. The 

fact that use of ColoWrap was not associated with significant differences in looping or CIT 

in these subgroups in the main study, suggests that the observed increase in ADR may be 

due to other factors such as improved luminal distension or better instrument control during 

withdrawal[26].

There was also an increased proportion of cases with HPs found in the sham arm compared 

to ColoWrap (31% vs 22%, p = 0.04), though this difference was limited to left-sided HPs, 

which are felt to be of little clinical significance. Studies have shown that left-sided or distal 

HPs are not associated with an increased risk of proximal advanced adenomatous neoplasia 

or proximal advanced serrated lesions[49,50]. It is possible that providers remove distal HPs 

more often if they do not find any polyps proximally in an attempt to improve ADR but this 

needs further investigation.

Our study has multiple strengths including a randomized study design, masking of 

providers, and use of a sham control to reduce bias. In addition, the study was conducted 

at a high-volume academic medical center with multiple free-standing endoscopy facilities, 

and colonoscopies were performed by endoscopists with a varying range of experience. The 

diversity of settings and endoscopist skill level increases the generalizability of our findings 

to other similar arenas. However, this heterogeneity can also lead to increased variance. 

Since a majority of the cases used propofol, our findings are less generalizable to other 

centers that use alternate modalities of sedation. Another limitation of the study is that it 

was not designed to study differences in ADR and SSPDR, which can possibly lead to 

an underpowered study and a Type II error, especially for SSP that occurred with lower 

frequency in the study.

Overall, use of ColoWrap during colonoscopy was not associated with a deleterious effect 

on ADR or SSPDR. With ColoWrap there was an association with increased SSPDR in the 

cecum/ascending colon and ADR in the left side of the colon, in women, older participants, 

and those who were obese. These groups of patients have a tendency to have more difficult 

colons to maneuver during colonoscopy either due to looping or redundancy, and use 

of ColoWrap may aid in improved adenoma detection during withdrawal by providing 

increased stability and improved luminal distention. However, further studies are needed to 

confirm this benefit in other populations and to determine the exact mechanism by which the 

device may influence polyp detection.

Eluri et al. Page 6

J Gastroenterol Hepatol Res. Author manuscript; available in PMC 2022 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



ACKNOWLEDGEMENTS

Grant Support:

This study was funded by ColoWrap LLC. Funding for this analysis was supported in part by NIH award number 
T32 DK07634, NIH (KL2TR001109), ACG-JR-000-2012. Drs. Crockett and Dellon designed the study, had full 
access to all study data, performed data analyses and interpretation independently, and the manuscript was drafted 
without assistance from industry sponsor.

REFERENCES

1. Institute NC. SEER Stat Fact Sheets: Colon and Rectum Cancer. 2014.

2. Corley DA, Levin TR, Doubeni CA. Adenoma detection rate and risk of colorectal cancer and death. 
N Engl J Med. 2014; 370: 2541. [DOI: 10.1056/NEJMc1405329] [PubMed: 24963577] 

3. Lieberman DA, Rex DK, Winawer SJ, Giardiello FM, Johnson DA, Levin TR. Guidelines for 
colonoscopy surveillance after screening and polypectomy: a consensus update by the US Multi-
Society Task Force on Colorectal Cancer. Gastroenterology. 2012; 143: 844–57. [DOI: 10.1053/
j.gastro.2012.06.001] [PubMed: 22763141] 

4. Doubeni CA, Weinmann S, Adams K, Kamineni A, Buist DS, Ash AS, Rutter CM, Doria-Rose VP, 
Corley DA, Greenlee RT. Screening colonoscopy and risk for incident late-stage colorectal cancer 
diagnosis in average-risk adults: a nested case–control study. Ann Intern Med. 2013; 158: 312–20. 
[DOI: 10.7326/0003-4819-158-5-201303050-00003] [PubMed: 23460054] 

5. Nishihara R, Wu K, Lochhead P, Morikawa T, Liao X, Qian ZR, Inamura K, Kim SA, Kuchiba A, 
Yamauchi M. Long-term colorectal-cancer incidence and mortality after lower endoscopy. N Engl J 
Med. 2013; 369: 1095–105. [DOI: 10.1056/NEJMoa1301969] [PubMed: 24047059] 

6. Brenner H, Chang-Claude J, Seiler CM, Rickert A, Hoffmeister M. Protection from colorectal 
cancer after colonoscopy: a population-based, case-control study. Ann Intern Med. 2011; 154: 22–
30. [DOI: 10.7326/0003-4819-154-1-201101040-00004] [PubMed: 21200035] 

7. Zauber AG, Winawer SJ, O’Brien MJ, Lansdorp-Vogelaar I, van Ballegooijen M, Hankey BF, Shi 
W, Bond JH, Schapiro M, Panish JF, Stewart ET, Waye JD. Colonoscopic polypectomy and long-
term prevention of colorectal-cancer deaths. N Engl J Med. 2012; 366: 687–96. [DOI: 10.1056/
NEJMoa1100370] [PubMed: 22356322] 

8. Loberg M, Kalager M, Holme O, Hoff G, Adami HO, Bretthauer M. Long-term colorectal-
cancer mortality after adenoma removal. N Engl J Med. 2014; 371: 799–807. [DOI: 10.1056/
NEJMoa1315870] [PubMed: 25162886] 

9. Rex DK, Schoenfeld PS, Cohen J, Pike IM, Adler DG, Fennerty MB, Lieb JG 2nd, Park WG, 
Rizk MK, Sawhney MS, Shaheen NJ, Wani S, Weinberg DS. Quality indicators for colonoscopy. 
Gastrointest Endosc. 2015; 81: 31–53. [DOI: 10.1016/j.gie.2014.07.058] [PubMed: 25480100] 

10. Adler A, Wegscheider K, Lieberman D, Aminalai A, Aschenbeck J, Drossel R, Mayr M, Mross 
M, Scheel M, Schroder A, Gerber K, Stange G, Roll S, Gauger U, Wiedenmann B, Altenhofen 
L, Rosch T. Factors determining the quality of screening colonoscopy: a prospective study on 
adenoma detection rates, from 12,134 examinations (Berlin colonoscopy project 3, BECOP-3). 
Gut. 2013; 62: 236–41. [DOI: 10.1136/gutjnl-2011-300167] [PubMed: 22442161] 

11. Erichsen R, Baron JA, Hamilton-Dutoit SJ, Snover DC, Torlakovic EE, Pedersen L, Froslev 
T, Vyberg M, Hamilton SR, Sorensen HT. Increased Risk of Colorectal Cancer Development 
Among Patients With Serrated Polyps. Gastroenterology. 2015; 150: 895–902. [DOI: 10.1053/
j.gastro.2015.11.046] [PubMed: 26677986] 

12. Lash RH, Genta RM, Schuler CM. Sessile serrated adenomas: prevalence of dysplasia and 
carcinoma in 2139 patients. J Clin Pathol. 2010; 63: 681–6. [DOI: 10.1136/jcp.2010.075507] 
[PubMed: 20547691] 

13. Crockett SD, Snover DC, Ahnen DJ, Baron JA. Sessile serrated adenomas: an evidence-
based guide to management. Clin Gastroenterol Hepatol. 2015; 13: 11–26.e1. [DOI: 10.1016/
j.cgh.2013.10.035] [PubMed: 24216467] 

14. Zorzi M, Senore C, Da Re F, Barca A, Bonelli LA, Cannizzaro R, de Pretis G, Di Furia L, Di 
Giulio E, Mantellini P, Naldoni C, Sassatelli R, Rex DK, Zappa M, Hassan C. Detection rate and 

Eluri et al. Page 7

J Gastroenterol Hepatol Res. Author manuscript; available in PMC 2022 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



predictive factors of sessile serrated polyps in an organised colorectal cancer screening programme 
with immunochemical faecal occult blood test: the EQuIPE study (Evaluating Quality Indicators 
of the Performance of Endoscopy). Gut. 2016. [DOI: 10.1136/gutjnl-2015-310587]

15. Hetzel JT, Huang CS, Coukos JA, Omstead K, Cerda SR, Yang S, O’Brien MJ, Farraye FA. 
Variation in the detection of serrated polyps in an average risk colorectal cancer screening cohort. 
Am J Gastroenterol. 2010; 105: 2656–64. [DOI: 10.1038/ajg.2010.315] [PubMed: 20717107] 

16. Abdeljawad K, Vemulapalli KC, Kahi CJ, Cummings OW, Snover DC, Rex DK. Sessile serrated 
polyp prevalence determined by a colonoscopist with a high lesion detection rate and an 
experienced pathologist. Gastrointest Endosc. 2015; 81: 517–24. [DOI: 10.1016/j.gie.2014.04.064] 
[PubMed: 24998465] 

17. Payne SR, Church TR, Wandell M, Rosch T, Osborn N, Snover D, Day RW, Ransohoff DF, Rex 
DK. Endoscopic detection of proximal serrated lesions and pathologic identification of sessile 
serrated adenomas/polyps vary on the basis of center. Clin Gastroenterol Hepatol. 2014; 12: 1119–
26. [DOI: 10.1016/j.cgh.2013.11.034] [PubMed: 24333512] 

18. East JE, Bassett P, Arebi N, Thomas-Gibson S, Guenther T, Saunders BP. Dynamic patient position 
changes during colonoscope withdrawal increase adenoma detection: a randomized, crossover 
trial. Gastrointest Endosc. 2011; 73: 456–63. [DOI: 10.1016/j.gie.2010.07.046] [PubMed: 
20950801] 

19. Hewett DG, Rex DK. Miss rate of right-sided colon examination during colonoscopy defined 
by retroflexion: an observational study. Gastrointest Endosc. 2011; 74: 246–52. [DOI: 10.1016/
j.gie.2011.04.005] [PubMed: 21679946] 

20. Johnson DA, Barkun AN, Cohen LB, Dominitz JA, Kaltenbach T, Martel M, Robertson DJ, Boland 
CR, Giardello FM, Lieberman DA, Levin TR, Rex DK. Optimizing adequacy of bowel cleansing 
for colonoscopy: recommendations from the US multi-society task force on colorectal cancer. 
Gastroenterology. 2014; 147: 903–24. [DOI: 10.1053/j.gastro.2014.07.002] [PubMed: 25239068] 

21. Jover R, Zapater P, Polania E, Bujanda L, Lanas A, Hermo JA, Cubiella J, Ono A, Gonzalez-
Mendez Y, Peris A, Pellise M, Seoane A, Herreros-de-Tejada A, Ponce M, Marin-Gabriel JC, 
Chaparro M, Cacho G, Fernandez-Diez S, Arenas J, Sopena F, de-Castro L, Vega-Villaamil 
P, Rodriguez-Soler M, Carballo F, Salas D, Morillas JD, Andreu M, Quintero E, Castells 
A. Modifiable endoscopic factors that influence the adenoma detection rate in colorectal 
cancer screening colonoscopies. Gastrointest Endosc. 2013; 77: 381–9.e1. [DOI: 10.1016/
j.gie.2012.09.027] [PubMed: 23218945] 

22. Lee SW, Chang JH, Ji JS, Maeong IH, Cheung DY, Kim JS, Cho YS, Chung WJ, Lee BI, Kim SW, 
Kim BW, Choi H, Choi MG. Effect of Dynamic Position Changes on Adenoma Detection During 
Colonoscope Withdrawal: A Randomized Controlled Multicenter Trial. Am J Gastroenterol. 2016; 
111: 63–9. [DOI: 10.1038/ajg.2015.354] [PubMed: 26526085] 

23. Lee TJ, Rees CJ, Blanks RG, Moss SM, Nickerson C, Wright KC, James PW, McNally RJ, Patnick 
J, Rutter MD. Colonoscopic factors associated with adenoma detection in a national colorectal 
cancer screening program. Endoscopy. 2014; 46: 203–11. [DOI: 10.1055/s-0033-1358831] 
[PubMed: 24473907] 

24. Prechel JA, Hucke R. Safe and effective abdominal pressure during colonoscopy: forearm 
versus open hand technique. Gastroenterol Nurs. 2009; 32: 27–30; quiz 1–2. [DOI: 10.1097/
SGA.0b013e3181972c03] [PubMed: 19197187] 

25. Waye JD, Yessayan SA, Lewis BS, Fabry TL. The technique of abdominal pressure in total 
colonoscopy. Gastrointest Endosc. 1991; 37: 147–51. [PubMed: 2032597] 

26. Crockett SD, Cirri HO, Kelapure R, Galanko JA, Martin CF, Dellon ES. Use of an Abdominal 
Compression Device in Colonoscopy: A Randomized, Sham-Controlled Trial. Clin Gastroenterol 
Hepatol. 2016. [DOI: 10.1016/j.cgh.2015.12.039]

27. Schreiner MA, Weiss DG, Lieberman DA. Proximal and large hyperplastic and nondysplastic 
serrated polyps detected by colonoscopy are associated with neoplasia. Gastroenterology. 2010; 
139: 1497–502. [DOI: 10.1053/j.gastro.2010.06.074] [PubMed: 20633561] 

28. Fearon ER, Vogelstein B. A genetic model for colorectal tumorigenesis. Cell. 1990; 61: 759–67. 
[PubMed: 2188735] 

Eluri et al. Page 8

J Gastroenterol Hepatol Res. Author manuscript; available in PMC 2022 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



29. Kahi CJ, Hewett DG, Norton DL, Eckert GJ, Rex DK. Prevalence and variable detection of 
proximal colon serrated polyps during screening colonoscopy. Clin Gastroenterol Hepatol. 2011; 
9: 42–6. [DOI: 10.1016/j.cgh.2010.09.013] [PubMed: 20888435] 

30. Leggett B, Whitehall V. Role of the serrated pathway in colorectal cancer pathogenesis. 
Gastroenterology. 2010; 138: 2088–100. [DOI: 10.1053/j.gastro.2009.12.066] [PubMed: 
20420948] 

31. Spring KJ, Zhao ZZ, Karamatic R, Walsh MD, Whitehall VL, Pike T, Simms LA, Young 
J, James M, Montgomery GW, Appleyard M, Hewett D, Togashi K, Jass JR, Leggett BA. 
High prevalence of sessile serrated adenomas with BRAF mutations: a prospective study 
of patients undergoing colonoscopy. Gastroenterology. 2006; 131: 1400–7. [DOI: 10.1053/
j.gastro.2006.08.038] [PubMed: 17101316] 

32. Weisenberger DJ, Siegmund KD, Campan M, Young J, Long TI, Faasse MA, Kang GH, 
Widschwendter M, Weener D, Buchanan D, Koh H, Simms L, Barker M, Leggett B, Levine J, 
Kim M, French AJ, Thibodeau SN, Jass J, Haile R, Laird PW. CpG island methylator phenotype 
underlies sporadic microsatellite instability and is tightly associated with BRAF mutation in 
colorectal cancer. Nat Genet. 2006; 38: 787–93. [DOI: 10.1038/ng1834] [PubMed: 16804544] 

33. Kaminski MF, Regula J, Kraszewska E, Polkowski M, Wojciechowska U, Didkowska J, Zwierko 
M, Rupinski M, Nowacki MP, Butruk E. Quality indicators for colonoscopy and the risk of 
interval cancer. N Engl J Med. 2010; 362: 1795–803. [DOI: 10.1056/NEJMoa0907667] [PubMed: 
20463339] 

34. Cooper GS, Xu F, Barnholtz Sloan JS, Schluchter MD, Koroukian SM. Prevalence and predictors 
of interval colorectal cancers in medicare beneficiaries. Cancer. 2012; 118: 3044–52. [DOI: 
10.1002/cncr.26602] [PubMed: 21989586] 

35. Sawhney MS, Farrar WD, Gudiseva S, Nelson DB, Lederle FA, Rector TS, Bond JH. 
Microsatellite instability in interval colon cancers. Gastroenterology. 2006; 131: 1700–5. [DOI: 
10.1053/j.gastro.2006.10.022] [PubMed: 17087932] 

36. Burgess NG, Pellise M, Nanda KS, Hourigan LF, Zanati SA, Brown GJ, Singh R, Williams SJ, 
Raftopoulos SC, Ormonde D, Moss A, Byth K, P’Ng H, McLeod D, Bourke MJ. Clinical and 
endoscopic predictors of cytological dysplasia or cancer in a prospective multicentre study of large 
sessile serrated adenomas/ polyps. Gut. 2016; 65: 437–46. [DOI: 10.1136/gutjnl-2014-308603] 
[PubMed: 25731869] 

37. de Wijkerslooth TR, Stoop EM, Bossuyt PM, Tytgat KM, Dees J, Mathus-Vliegen EM, Kuipers EJ, 
Fockens P, van Leerdam ME, Dekker E. Differences in proximal serrated polyp detection among 
endoscopists are associated with variability in withdrawal time. Gastrointest Endosc. 2013; 77: 
617–23. [DOI: 10.1016/j.gie.2012.10.018] [PubMed: 23321338] 

38. Pohl H, Srivastava A, Bensen SP, Anderson P, Rothstein RI, Gordon SR, Levy LC, Toor A, 
Mackenzie TA, Rosch T, Robertson DJ. Incomplete polyp resection during colonoscopy-results 
of the complete adenoma resection (CARE) study. Gastroenterology. 2013; 144: 74–80.e1. [DOI: 
10.1053/j.gastro.2012.09.043] [PubMed: 23022496] 

39. Sweetser S, Jones A, Smyrk TC, Sinicrope FA. Sessile Serrated Polyps are Precursors of Colon 
Carcinomas Predominantly with Deficient DNA Mismatch Repair. Clin Gastroenterol Hepatol. 
2016; 14: 1056–9. [DOI: 10.1016/j.cgh.2016.01.021] [PubMed: 26898652] 

40. Kimura T, Yamamoto E, Yamano HO, Suzuki H, Kamimae S, Nojima M, Sawada T, Ashida M, 
Yoshikawa K, Takagi R, Kato R, Harada T, Suzuki R, Maruyama R, Kai M, Imai K, Shinomura Y, 
Sugai T, Toyota M. A novel pit pattern identifies the precursor of colorectal cancer derived from 
sessile serrated adenoma. Am J Gastroenterol. 2012; 107: 460–9. [DOI: 10.1038/ajg.2011.457] 
[PubMed: 22233696] 

41. JE IJ, van Doorn SC, van der Brug YM, Bastiaansen BA, Fockens P, Dekker E. The proximal 
serrated polyp detection rate is an easy-to-measure proxy for the detection rate of clinically 
relevant serrated polyps. Gastrointest Endosc. 2015; 82: 870–7. [DOI: 10.1016/j.gie.2015.02.044] 
[PubMed: 25935704] 

42. Barclay RL, Vicari JJ, Greenlaw RL. Effect of a time-dependent colonoscopic withdrawal protocol 
on adenoma detection during screening colonoscopy. Clin Gastroenterol Hepatol. 2008; 6: 1091–8. 
[DOI: 10.1016/j.cgh.2008.04.018] [PubMed: 18639495] 

Eluri et al. Page 9

J Gastroenterol Hepatol Res. Author manuscript; available in PMC 2022 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



43. Butterly L, Robinson CM, Anderson JC, Weiss JE, Goodrich M, Onega TL, Amos CI, Beach 
ML. Serrated and adenomatous polyp detection increases with longer withdrawal time: results 
from the New Hampshire Colonoscopy Registry. Am J Gastroenterol. 2014; 109: 417–26. [DOI: 
10.1038/ajg.2013.442] [PubMed: 24394752] 

44. Shaukat A, Rector TS, Church TR, Lederle FA, Kim AS, Rank JM, Allen JI. Longer Withdrawal 
Time Is Associated With a Reduced Incidence of Interval Cancer After Screening Colonoscopy. 
Gastroenterology. 2015; 149: 952–7. [DOI: 10.1053/j.gastro.2015.06.044] [PubMed: 26164494] 

45. Anderson JC, Messina CR, Cohn W, Gottfried E, Ingber S, Bernstein G, Coman E, Polito J. Factors 
predictive of difficult colonoscopy. Gastrointest Endosc. 2001; 54: 558–62. [PubMed: 11677470] 

46. Arcovedo R, Larsen C, Reyes HS. Patient factors associated with a faster insertion of the 
colonoscope. Surg Endosc. 2007; 21: 885–8. [DOI: 10.1007/s00464-006-9116-5] [PubMed: 
17149549] 

47. Liang CM, Chiu YC, Wu KL, Tam W, Tai WC, Hu ML, Chou YP, Chiu KW, Chuah SK. Impact 
factors for difficult cecal intubation during colonoscopy. Surg Laparosc Endosc Percutan Tech. 
2012; 22: 443–6. [DOI: 10.1097/SLE.0b013e3182611c69] [PubMed: 23047390] 

48. Sadahiro S, Ohmura T, Yamada Y, Saito T, Taki Y. Analysis of length and surface area of each 
segment of the large intestine according to age, sex and physique. Surg Radiol Anat. 1992; 14: 
251–7. [PubMed: 1440190] 

49. Kahi CJ, Vemulapalli KC, Snover DC, Abdel Jawad KH, Cummings OW, Rex DK. Findings in the 
distal colorectum are not associated with proximal advanced serrated lesions. Clin Gastroenterol 
Hepatol. 2015; 13: 345–51. [DOI: 10.1016/j.cgh.2014.07.044] [PubMed: 25083562] 

50. Imperiale TF, Glowinski EA, Lin-Cooper C, Ransohoff DF. Tailoring colorectal cancer screening 
by considering risk of advanced proximal neoplasia. Am J Med. 2012; 125: 1181–7. [DOI: 
10.1016/j.amjmed.2012.05.026] [PubMed: 23062404] 

Eluri et al. Page 10

J Gastroenterol Hepatol Res. Author manuscript; available in PMC 2022 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Adenoma detection in ColoWrap and Sham arms among pre-specified groups based on age, 

sex, and BMI.
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Figure 2. 
Location and number of adenomas, sessile serrated polyps (SSP) and hyperplastic polyps in 

the sham and ColoWrap groups *Note: Figure represents all polyps detected during study; 

some patients contributed > 1 polyp.
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Table 1

Participant and Procedural Characteristics.

Characteristics Sham (n = 175) ColoWrap (n = 175) p value

Age, n (%)

0.24

< 50 years 7 (4) 13 (7)

50–60 years 63 (36) 74 (42)

60–70 years 71 (41) 60 (34)

≥ 70 years 34 (19) 28 (16)

Sex. n (%)

1Female 108 (62) 108 (62)

Male 67 (38) 67 (38)

BMI, n (%)

0.86
< 25 73 (42) 70 (40)

25–30 62 (35) 67 (38)

30–40 40 (23) 38 (22)

Colonoscopy Indication, n (%)

0.83Diagnostic 15 (9) 16 (9)

Screening/Surveillance 159 (92) 157 (91)

Aronchick bowel prep score, n (%)

0.77

Poor 4 (2) 3 (2)

Fair 17 (10) 23 (13)

Good 71 (41) 70 (40)

Excellent 83 (47) 79 (45)

Withdrawal time (min), mean ± SD 12.5 ± 5.7 11.6 ± 6.1 0.2

Endoscopist Experience, n (%)

0.79
Fellow 26 (15) 23 (13)

Junior faculty 33 (19) 30 (17)

Senior faculty 116 (66) 122 (70)
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Table 2

Polyp Characteristics by Treatment Group.

Characteristics Sham (n = 175) ColoWrap (n = 175) p value

Adenoma, n (%) 70 (40) 76 (43) 0.52

Age ≤ 60 32 (41) 33 (35) 0.43

Age > 60 38 (39) 43 (53) 0.06

Male 38 (57) 33 (49) 0.34

Female 32 (30) 43 (40) 0.12

BMI < 30 54 (40) 56 (41) 0.88

BMI 30–40 16 (40) 20 (53) 0.26

Diagnostic 5 (33) 6 (38) 0.81

Screening/Surveillance 66 (41) 68 (43) 0.66

SSP
a
, n (%) 11 (6) 14 (8) 0.53

SSP
a
 or Adenoma, n (%) 78 (45) 83 (47) 0.59

Hyperplastic Polyp, n (%) 55 (31) 38 (22) 0.04

Any Polyp
b
, n (%) 120 (69) 111 (63) 0.31

Polyp removed during insertion 10 (6) 11 (6) 0.82

Polyps per colonoscopy, mean ± SD 1.67 ± 1.86 1.79 ± 2.24 0.59

Adenomas per colonoscopy 1.08 ± 1.41 1.24 ± 1.26 0.36

a
Sessile serrated polyp;

b
Does not equal sum of other categories as some patients had > 1 polyp type.
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Table 3

Odds of Conventional Adenomas and Sessile Serrated Polyps with ColoWrap by Gender, Age, and BMI.

Participants Conventional Adenoma (n = 146) 
OR (95% CI)

Sessile Serrated Polyp (n = 25) 
OR (95% CI)

Conventional Adenoma or Sessile 
Serrated Polyp (n = 161) OR (95% 
CI)

Sham
a 1.00 (ref) 1.00 (ref) 1.00 (ref)

ColoWrap
a 1.47 (0.91, 2.37) 1.44 (0.60, 3.44) 1.51 (0.93, 2.45)

 Male
b 0.80 (0.39, 1.68) 2.32 (0.46,11.72) 0.94 (0.44, 2.00)

 Female
b 2.32 (1.21, 4.46) 1.05 (0.35, 3.18) 2.08 (1.09, 3.95)

 Age <60 years
c 0.76 (0.39, 1.46) 1.27 (0.32, 5.09) 0.82 (0.42, 1.58)

 Age >60 years
c 2.95 (1.43, 6.07) 1.48 (0.47, 4.67) 2.92 (1.39, 6.14)

 BMI <30
d 1.24 (0.73, 2.10) 1.04 (0.42, 2.62) 1.21 (0.71, 2.06)

 BMI 30–40
d

3.50 (1.00, 12.23) 
e

n/a
f 5.81 (1.37, 24.69)

a
OR adjusted for age, gender, bowel prep quality, withdrawal time, and endoscopist experience;

b
OR adjusted for age, bowel prep quality, withdrawal time, and endoscopist experience;

c
OR adjusted for gender, bowel prep quality, withdrawal time, and endoscopist experience;

d
OR adjusted for age, gender, bowel prep quality, withdrawal time, and endoscopist experience;

e
Confidence interval (1.004, 12.229), p = 0.049 so value interpreted as significant;

f
Too few numbers for stable estimate.
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Table 4

Differences in Polyp Detection in the Right
a
 and Left

b
 colon with ColoWrap.

Variable Sham (n = 175) ColoWrap (n = 175) p value

Any polyp

Right 60 (34) 58 (33) 0.73

Cecum 14 (8) 20 (11) 0.17

Cecum/Ascending 29 (17) 42 (24) 0.02

Left 75 (43) 70 (40) 0.93

Adenoma, n(%)

Right 45 (26) 42 (24) 0.96

Cecum 2 (1) 5 (3) 0.21

Cecum/Ascending 25 (14) 27 (15) 0.53

Left 38 (22) 51 (29) 0.03

SSP 
c , n(%)

Right 8 (5) 13 (7) 0.18

Cecum 2 (1) 5 (3) 0.21

Cecum/Ascending 3 (2) 11 (6) 0.02

Left 2 (1) 2 (1) 0.94

Hyperplastic Polyp, n(%)

Right 13 (7) 13 (7) 0.83

Left 48 (27) 31 (18) 0.06

a
Right: cecum, ascending, hepatic, and transverse colon;

b
Left: splenic flexure, descending, sigmoid, and rectum;

c
Sessile serrated polyp.
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Table 5

Polyps Detected in the Right
a
 and Left

b
 Colon with ColoWrap vs Sham (Per-Polyp Analysis).

Variable Sham ColoWrap p value

Any polyp, n(%) N=245 N=240

Right 108 (44) 107 (45) 0.91

Left 137 (56) 133 (56) 0.91

Adenoma, n(%) N = 130 N = 138

Right 74 (30) 68 (28) 0.68

Left 56 (23) 70 (29) 0.11

SSP
c
, n(%) N = 23 N = 28

Right 17 (7) 21 (9) 0.46

Left 6 (2) 7 (3) 0.75

Hyperplastic Polyp, n(%) N = 92 N = 74

Right 17 (7) 18 (8) 0.81

Left 75 (31) 56 (23) 0.07

a
Right: cecum, ascending, hepatic, and transverse colon;

b
Left: splenic flexure, descending, sigmoid, and rectum;

c
Sessile serrated polyp.
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