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Abstract
Background and aims: Currently sedation is a common practice in colonoscopy to reduce pain of patients
and improve the operator satisfaction, while its impact on examination quality, especially polyp detection
rate (PDR) and adenoma detection rate (ADR) is still controversial. Thus, we aimed to investigate the
association of sedation with PDR/ADR.

Methods: Consecutive patients receiving colonoscopy between January 2017 to January 2020 at the
Nanjing Drum Tower Hospital were collected. Univariate and multivariate logistic regression models were
performed to investigate the association between sedation and PDR/ADR. Subgroup analysis and
propensity score matching analysis (PSM), as sensitivity analysis, were performed to validate the
independent effect.

Results: The PDR and ADR were signi�cantly higher in cases with sedation (PDR: 55.4% vs 46.6%, OR:
1.42, 95% CI: 1.32~1.53, P < 0.001; ADR: 37.3% vs 30.2%, OR: 1.37, 95% CI: 1.27~1.49, P < 0.001).
Multivariate analysis showed that the sedation was an independent factor associated with PDR (OR:
1.54, 95% CI: 1.40~1.69, P < 0.001) and ADR (OR: 1.45, 95% CI: 1.32~1.60, P < 0.001). The effect was
consistent in subgroup analyses(P > 0.05) and PSM analysis (PDR: 56.1% vs 46.4%, OR: 1.48, 95% CI:
1.35~1.62, P < 0.001; ADR: 37.4% vs 30.0%, OR: 1.40, 95% CI: 1.27~1.54, P < 0.001).

Conclusion: Sedation was associated with a higher polyp and adenoma detection rates during
colonoscopy, which can promote the quality of colonoscopy.

1. Introduction
Colorectal cancer (CRC) is the third most common type of cancer and the second most common cause of
cancer-associated mortality over the world1, 2. The prognosis of colorectal cancer remains poor in
advanced-stage cancer, with the overall 5-year survival rate being less than 20%, while the early-stage
cancer is approximately 90%. As the most effective measures to screening CRC, colonoscopy can detect
high-risk lesions of colon cancer and signi�cantly reduce the occurrence of CRC to improving the
prognosis of colon cancer, and its inspection quality can be measured by some quality indicators3. The
polyp detection rate (PDR) and adenoma detection rate (ADR) are established as quality indicators, and
an increased ADR have been reported to be related to a reduced risk of interval CRC and mortality4.

Sedation has become a common practice in endoscopic operation over the past decades5–7. Several
previous studies have shown that sedation could reduce pain of patients and improve the operator
satisfaction, thus shortened the time of colonoscopy. However controversy surrounding the effect of
sedation on quality indicator of colonoscopy such as PDR and ADR had been reported in different
country, yet little is known about the impact of sedation when controlling the other factors with a large-
scale cohort. Although some previous studies have reported that sedation has little effect on the PDR and
ADR of colonoscopy[5, 8, 17, 18], some studies recently demonstrating the positive effects of sedation on
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colonoscopy[6, 7, 19–22]. Therefore, more studies are needed to evaluate whether the sedation is
bene�cial to ADR and PDR.

The aim of this study was to investigate the impact of sedation on polyp and adenoma detection rates
during colonoscopy. The logistic regression model, subgroup analyses and PSM were used to evaluate
and validate the independent effect.

2. Methods
Study design and patients

This retrospective cohort study collected consecutive patients aged 45–85 years who underwent
colonoscopy from January 2017 to January 2020 in Nanjing Drum Tower Hospital (Nanjing, China).
Exclusion criteria were as follows: 1) history of colonic resection or CRC; 2) in�ammatory bowel diseases
and polyposis syndromes; 3) family history of CRC; 4) surveillance; urgent or intent therapeutic
colonoscopy; 5) do not reach the cecum or terminal ileum; 6) invalid withdrawal time and bowel
preparation quality. This study has been approved by the Ethics Committee of Nanjing Drum Tower
Hospital (DTH-IRB- 2021-483-01). As a retrospective study, informed content is not required from
participants.

Variables and measures

The primary outcome was the PDR and ADR for colonoscopies. PDR and ADR were de�ned as the
proportion of colonoscopies in which at least one polyp and adenoma was detected, respectively8.
Considering the situation that certain polyps need another procedure to remove it, biopsy was
unnecessary. Among those colonoscopies without polyps’ specimens and marked by endoscopist need to
another procedure and the lesions being con�rmed as adenoma in 180 days, previous polyp would be
treated as an adenoma. All the adenoma tissues were examined histopathologically, reviewed, and
con�rmed by the pathologists. Advanced adenoma were de�ne as adenoma of at least 10 mm in size,
with more than 25% villous features and/or with high-grade dysplasia9. The use of sedation and
endoscopic manifestation were recorded as binary variables (yes/no). The withdrawal time as the time
from the cecum identi�cation to the time across the anus10, was calculated by the program which can
recognize the picture of cecum using the machine learning and the last captured picture and acquire the
time from the documents. The Boston bowel preparation scale (BBPS) was used to assess the quality of
bowel preparation and quanti�ed by endoscopists during operation 11. Endoscopist annual volume was
determined from the number of colonoscopies performed by endoscopists annually in recent 3 years.
Endoscopist experience was de�ned as years since completing colonoscopy independently. The
complaint and diagnosis were collected from medical history. In subgroups and interactions analyses,
age categorized as 45–49, 50–59, 60–69, 70–79, 80–95 years, annual volume of colonoscopy
categorized as < 300, 300–700, > 700 per year and endoscopist experience categorized as < 3, 3–7, > 7
years.
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Statistical Analysis

Continuous variables with normal distribution were expressed as the mean ± standard deviation (SD).
Categorized variables were summarized as counts and proportions. Continuous variables were compared
between groups using the Student’s t-test (normal distribution). Continuous data with non-normal
distribution presented as medians and interquartile ranges and compared with. Other categorical
variables were compared between groups using the chi-squared test. The univariate logistic regression
model was used to investigate the effect size of factors for ADR and PDR and the results were presented
by odds ratio (OR) and 95% con�dence interval (CI). Multivariate logistic regression was further
performed to evaluate the association between sedation and ADR and PDR in two models adjusting for
selected confounding variables. Confounders adjusted in the model I was selected based on their
associations with the outcomes of a change in effect estimate of more than 10%. Model II adjusted all
potential confounders. Subgroup and interaction analysis were performed to ensure the stability of the
result for sensitivity analysis. Propensity score matching (PSM) analysis was performed as sensitivity
analysis in a 1:1 ratio to balance the baseline between groups using a greedy nearest neighbor-matching
technique. A caliper width of 0.05 of the SD for the logit of the PSM was used for the developed PSM. On
matching, 7 of baseline covariates that could possibly in�uence the detection rate were used, age, sex,
year of colonoscopies, reason for colonoscopy, endoscopist volume, endoscopist experience and
endoscopist sex. These covariates were acknowledged risk factors of colorectal cancers according to
previous studies or in�uencing factors of quality of colonoscopy. All reported P values were two-tailed,
and a con�dence interval (CI) of 95% was used throughout.

A P value < 0.05 was considered statistically signi�cant. All the analyses were using the statistical
software SPSS version 22.0 (IBM Corporation, Somers, NY).

3. Results
3.1 Baseline Characteristics

Overall, we identi�ed 20319 ambulatory patients who underwent colonoscopy between January 1, 2017,
and January 31, 2020. 6840 cases were excluded according to exclusion criterion. A total of 13479
patients were �nally included for �nal analysis in our study, of which 9682 (71.8%) patients received
sedation (Fig. 1). Table 1 showed the characteristics of the 2 groups of patients and the comparison
results. The mean age (SD) of patients in the no-sedation group was 60.2 (9.8) years, older than the
sedation group which was 58.7 (8.7) years (P < 0.001). There was a higher proportion of male in the no-
sedation group than sedation group (55.1% vs 50.0%, P < 0.001). 98.8% no-sedation colonoscopies were
manipulated in the afternoon. The average withdrawal time was shorter in sedation group (P < 0.001).
The reasons for colonoscopy, 77.6% were diagnosis, 19.5% was followed by screening in no-sedation
group, and compared with sedation group, 67.2% and 9.6% respectively. The group of sedation
colonoscopy have a greater rate of treatment towards polyp.

3.2 Outcomes
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Both PDR and ADR were higher in group with sedation (PDR: 55.4% vs 46.6%, P < 0.001; ADR: 37.3% vs
30.2%, P < 0.001). (Table 2)

3.3 The Effect of Sedation and Interaction Effects between Sedation and Other Factors

To explore the effect of the factors on the PDR and ADR of the colonoscopy, univariate and multivariate
logistic regression analysis were performed. In univariate logistic regression analysis, for patient-level
factor, we found that the female patients(OR = 0.48, 95% CI: 0.45–0.52) were negatively associated,
whereas age (OR = 1.03, 95% CI: 1.03–1.04), Sedation(OR = 1.42, 95% CI: 1.32–1.53), Withdrawal time
(OR = 1.18, 95% CI: 1.16–1.19) were positively associated with PDR. Similarly, the female patients(OR = 
0.54, 95% CI: 0.51–0.58) were negatively associated, whereas age (OR = 1.03, 95% CI: 1.03–1.04),
sedation(OR = 1.37, 95% CI: 1.27–1.49), withdrawal time (OR = 1.14, 95% CI: 1.13–1.15) were positively
associated with ADR. (Tables 3,5).

Furthermore, for multivariate analyses, we had constructed regression analysis models including crude,
Model I included the factors were statistically signi�cant and Mode II included all factors we collected.
After adjusting for sex, age, time of colonoscopy, withdrawal time and experience of endoscopist in
Model I and all potential confounders in Model II, the association between sedation and ADR and PDR
were still stable in both models[Model I: PDR (OR: 1.57, 95% CI: 1.44 ~ 1.72, P < 0.001) and ADR (OR: 1.48,
95% CI: 1.35 ~ 1.64, P < 0.001) ;Model II: PDR (OR: 1.54, 95% CI: 1.40 ~ 1.69, P < 0.001) and ADR (OR: 1.45,
95% CI: 1.32 ~ 1.60, P < 0.001)](Tables 4, 6).

3.4 Subgroup and sensitivity analysis

In the subgroup analysis, there was no apparent interaction between any subgroup (Fig. 2 and Fig. 3).
After PS matching, the baseline was well balanced between groups except for withdrawal time which was
higher in the sedation group (8.83 vs 8.78 minutes, P = 0.042). The PDR and ADR were higher in the
sedation group while withdrawal time was longer than in no-sedation group (PDR: 56.1% vs 46.4%, OR:
1.48, 95% CI: 1.35 ~ 1.62, P < 0.001; ADR: 37.4% vs 30.0%, OR: 1.40, 95% CI: 1.27 ~ 1.54, P < 0.001).
Comparison between sedation and No-sedation groups after PSM showed that no signi�cant difference
was found on detection rate of advanced adenoma (8.2% vs 7.4%, P = 0.224). (Table 8).

4. Discussion
In this retrospective cohort study, we comprehensively analyzed the impact of sedation on PDR and ADR.
Our results revealed that after adjusting potential confounding factors, the colonoscopy with sedation
was signi�cantly associated with higher PDR and ADR. After PSM, the results were still stable, which
indicated that sedation was an independent factor associated with a higher PDR and ADR.

To our knowledge, this is the largest study to date speci�cally evaluating the effects of sedation in PDR
and ADR among outpatient colonoscopies. In previous studies, its’ reported that sedation can improve
patient comfort and satisfaction12–16. However, the overall quality indicators, the �ndings are
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controversial, both in terms of demonstrating an increase and in terms of demonstrating similarity.
Bannert5 reported that ADR and PDR are unaffected by sedation, but without registered level of sedation
and type of sedation remain in this study. Nakshabendi17 et al. recognized a propofol sedation can lead
to detection of more advanced polyps but did not �nd a difference in ADR in the use of sedation. Krigel18

et al. found no association between Anesthesia assistance and ADR among trainees. Zhao19 et al. found
no help on ADR or PDR of sedation, but multivariate analysis for evaluating confounding factors were not
performed. Huang and Zhang7, 20 et al. found that sedation was a favorable factor to improve ADRs, but
the history of colorectal disease didn’t been investigated. Khan21et al. also found that sedation as
opposed to no sedation was signi�cantly associated with a higher ADR, but only 179 of 24,795 patients
underwent unsedated colonoscopies, which was too small to draw robust conclusion. Compared with
previous studies, our study had a larger sample size with a screened population and considerable factors
such as endoscopist gender and experience of endoscopist were considered as confounding factors to
adjust the effect of sedation on PDR and ADR, which makes our outcome more reliable and convinced.

However, the relationship between sedation and withdrawal time has rarely been studied. Previous
studies have suggested that withdrawal time increases the detection of colonic lesions and thus
improves PDR and ADR4, 22–25. Although with advances in computer and information technology and we
can get the of cecal identi�cation from machine learning, the time of biopsies and other operations are
still not counted26. This makes it di�cult to explore the relationship between withdrawal time and
sedation, but for speci�c colonoscopies, such as screening-only colonoscopies it is comparable. we need
to explore fully validate the relationship between withdrawal time and sedation in the future.

Limitations: Firstly, this study has inherent limitations associated with retrospective data collection, and
some potential confounders such as BMI, smoking status, alcohol intake and medication use may be
neglected in the analysis. Thus, further prospective study was needed for quali�ed data collection and
management. Secondly, biopsy time and polyp removal time were not precisely calculated and subtracted
which leading a redundant withdrawal time. Although we performed subgroup analysis according to the
operation in the examination, analysis of withdrawal time for PDR, ADR with subgroups of sedation
remains to be con�rmed by larger random controlled trials or more re�ned retrospective studies. Thirdly,
limitation of our study is that our results are limited to a single institution. Therefore, a prospective multi-
center study was essential to further validate our results. 

5. Conclusion
In conclusion, compared with colonoscopy without sedation, colonoscopy with sedation has a positive
effect on PDR and ADR. When controlling for other confounding factors, Sedation was an independent
predictor of higher PDR and ADR. From a quality improvement perspective, choosing the sedation
procedures in colonoscopies is favorable.
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Figure 1

Legend not included with this version.
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Figure 2
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Figure 3

Legend not included with this version.
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