ORIGINAL ARTICLE

Annals of Gastroenterology (2021) 34, 214-223

Impact of feedback on adenoma detection rate: a systematic
review and meta-analysis

Umesha Boregowda?, Madhav Desai®, Venkat Nutalapatic, Swathi Paleti, Mojtaba Olyaee¢,

Amit Rastogi©

Bassett Medical Center, NY; Kansas City VA Medical Center, MO; University of Kansas Medical Center, KS; University
of New Mexico, Albuquerque, NM, USA

Background Adenoma detection rate (ADR) is one of the most important quality indicators of
colonoscopy. Monitoring endoscopists and providing feedback has shown to improve ADR. We
performed a systematic review of the literature and meta-analysis to determine the effect of any

Methods A literature search for comparative studies that employed any form of feedback to assess
the impact on ADR before and after the feedback was done on MEDLINE, EMBASE, and Cochrane
Database. The primary outcome of interest was ADR. Secondary outcomes included polyp detection
rate, advanced adenoma detection rate, sessile serrated adenoma detection rate, withdrawal time,
and cecal intubation rate. Cochrane Revman 5.3 software was used for statistical analysis.

Results A total of 12 studies met the inclusion criteria for the analysis of primary outcomes.
There were 78,355 subjects (45.42% male) with a mean age of 59.52 years. There was a significant
improvement in ADR after any form of feedback compared to no feedback: 36.18% vs. 26.75%;
pooled odds ratio 1.51, 95% confidence interval 1.37-1.66; P<0.001. There was a substantial
heterogeneity (I’=82%). ADR improved in both active or passive feedback, irrespective of whether
endoscopists knew about being monitored for their performance or not.

Conclusions Monitoring and providing feedback to endoscopists in any form leads to improvement
in ADR. Feedback is an easy and effective way of improving the ADR of endoscopists, especially
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Abstract
form of feedback on ADR.
in those not achieving the recommended benchmarks.
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Introduction

Colorectal cancer (CRC) is the third most common
malignancy and the second most common cause of cancer-
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related deaths in the United States and worldwide [1]. The
American Cancer Society guidelines recommend screening
of average-risk individuals for CRC starting at the age of
45 years. However, as per 2018 estimates, only 68.8% of
individuals aged between 50 and 75 years were up to date
with CRC screening in the United States [2]. Commonly used
CRC screening methods are colonoscopy, guaiac-based fecal
occult blood test (gFOBT), fecal immunohistochemical test,
and multitarget stool DNA tests with fecal immunochemical
testing [3-5]. Colonoscopy remains the most sensitive test for
CRC screening offering treatment for precancerous lesions
in the same session [6]. Although the role of screening
colonoscopy has been well established in the prevention
of CRC, the quality of colonoscopy has an impact on the
effectiveness of such intervention. Previous studies have
shown that the quality of colonoscopy varies significantly
among the endoscopists [7]. Hence, multiple pre-procedure,
intra-procedure, and post-procedure benchmarks have been
proposed as quality indicators for screening colonoscopy
[8,9]. Adenoma detection rate (ADR) is one of the most
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important benchmarks for assessing the quality of screening
colonoscopy. According to the 2015 American Society for
Gastrointestinal Endoscopy guidelines, ADR of more than
30% for men and more than 20% for women is recommended
for screening colonoscopies in patients older than 50 years
with an average risk of CRC [10].

ADR is affected by multiple factors, including study
population (e.g., screening cohort, gFOBT positive,
or population with a family history of colon cancer or
surveillance population), quality of bowel prep, withdrawal
times, inspection techniques, use of distal attachment devices,
educational interventions, and training [11]. Longer withdrawal
time and meticulous inspection techniques are associated with
higher ADR [12,13]. There has been a strong emphasis on
improving ADR of the endoscopist as studies have shown that
low ADR is associated with a higher risk of post-colonoscopy
colon cancer, and improving ADR can reduce this risk [14,15].

Various interventions have been evaluated to improve
the quality of colonoscopy, especially ADR. These include:
feedback to endoscopists; colonoscopy skill improvement
training; and public reporting of benchmark indices. Multiple
previous studies have shown that feedback in any form,
including monitoring ADR of the endoscopists and providing
report cards or active intervention with endoscopy quality
improvement training, could lead to an improvement in their
ADR [16-25]. Studies have reported feedbacK’s relationship
to ADR variably. Also, different forms of feedback and their
impact have not clearly defined or systematically reviewed
before this. We have performed a systematic review and meta-
analysis to examine the impact of feedback to endoscopists on
the ADR and other parameters.

Materials and methods

Meta-analysis was performed according to the Preferred
Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) statement [26] (Supplementary Table 1).

Definitions

Currently, there is no standardized definition of feedback’
for endoscopists to improve the quality of colonoscopy from
any of the gastroenterology societies. Therefore, based on our
literature review, we defined ‘feedback’ as an intervention in
the form of report cards, instructions, presentations, or hands-
on endoscopy quality improvement training programs for
endoscopists to improve the quality of colonoscopy (e.g., ADR,
polyp detection rate (PDR), advanced adenoma detection
rate (AADR), withdrawal time (WT), or cecal intubation rate
(CIR). We further classified feedback into 2 categories: ‘active
feedback’, where the endoscopists receive hands-on training
and/or individualized instruction or classroom presentations
on techniques to improve the ADR; and Ppassive feedback’,
where the endoscopists may receive their performance cards
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or public reporting of quality metrics, however, no further
individualized instructions or classroom presentations or
hands-on training sessions are provided.

Search strategy

An electronic search was performed in MEDLINE, Embase,
and Cochrane database from inception to January 2020 for
comparative studies that assessed feedback (in the form of
scorecards, report cards, public reporting of colonoscopy
quality metrics, quality improvement projects) to measure the
effect of feedback on colonoscopy quality metrics before and
after the intervention. The search for studies of relevance was
performed using the “AND/or” combination of the following
keywords “adenoma detection rate (ADR), “feedback)
“colonoscopy;” “polyp detection rate (PDR).” References for
major trials and review articles were also manually searched.

Study selection criteria

We included the studies that met the following inclusion
criteria: studies that provided data regarding ADR before and
after any form of feedback to the endoscopists, and the primary
outcome of interests was ADR before and after the feedback in the
same group of endoscopists. Since this study is designed to examine
and quantify the change in ADR before and after the feedback; we
included only the study groups for primary outcome analysis.

Secondary outcomes included PDR, AADR, sessile serrated
adenoma detection rate (SSADR), CIR, and WT. We excluded
review articles, non-human studies, articles in abstract form
only, case reports/series, and editorials. Studies where there
was no ‘before’ and ‘after feedback’ comparison or any form of
feedback was not used, were excluded as well.

Data extraction

Two investigators (VN and UB) independently reviewed
the studies and imported the data into a standardized form.
Whenever there was a lack of consensus on eligibility [27], the
senior author (AR) reviewed the study independently and then
made the final decision regarding the data point. Data extracted
were the author, year of publication, study location, type of study,
method of feedback, number of endoscopists, duration of follow
up, patient demographics, the total number of subjects before
and after feedback, and details on ADR, PDR, AADR, SSADR,
CIR, and WT in the intervention and the control groups.

Quality assessment
The quality of each included study was assessed by 2
authors independently using the Newcastle-Ottawa scale [28].

The quality of each study included in the meta-analysis was
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assessed based on the selection of study groups, comparability
of study groups, and assessment of outcomes.

Outcomes

The primary outcome was pooled ADR in included studies
before and after the intervention (i.e., feedback). Sensitivity
analysis was performed for the studies where only the passive
form of feedback was used including report cards to inform
endoscopists of their performance, public reporting of their
quality metrics or annual evaluation of ADR and separately for
studies where there was an active form of feedback was given
like endoscopy quality improvement program, presentations,
tips on how to improve the ADR. This was performed to
stratify the impact of passive feedback from active feedback
and assess their comparative effect on ADR. We also examined
ADR improvement in only prospective studies to understand
and derive the effect of longitudinal follow up. Finally, we
also performed a sensitivity analysis to unmask any impact
of the Hawthorne effect among endoscopists. Studies where
endoscopist was aware of being monitored (before any form
of feedback) were analyzed separately from studies where
endoscopists were not aware of being monitored to examine
the impact of vigilance on their ADR pre- and post-feedback.

However, itisimperative that we examine the effect of feedback
in randomized controlled trials (RCTSs) to establish whether the
‘feedback’ has any impact at all on ADR by comparing actual
control and study groups. Therefore, we compared ADR in the
control group and the study group from RCTs.

Secondary outcomes were pooled detection rate of PDR,
AADR, and SSADR to examine the impact of feedback on
these metrics. The impact of change on WT was also evaluated.

Statistical analysis

Pooled odds ratio (ORs) with 95% confidence interval
(CIs) for the outcomes of interest were synthesized by meta-
analysis using the DerSimonian-Laird random-effects model.
Heterogeneity between the included studies was estimated
using the inconsistency index (I?). Heterogeneity of 25%,
50%, and 75% was classified as low, moderate, and substantial
heterogeneity, respectively. Publication bias was assessed using
a funnel plot. The statistical analyses were performed using
RevMan software (Review Manager Version 5.3; The Nordic
Cochrane Centre, Copenhagen, Denmark, The Cochrane
Collaboration 2015).

Results

Study characteristics

A total of 6785 records were identified, of which 199 articles
were identified after the exclusion of duplicates and screening
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of articles based on title and abstract. A total of 30 full-length
manuscripts were reviewed, and we found 12 studies that met
our inclusion criteria for the primary outcome. Three other
studies that did not report ADR, but reported data on secondary
outcomes were included in the pooled estimates of secondary
outcomes (total n=15) [29-31]. There were 4 RCTs [18,25,27,30]
and 11 observational studies in total [7,16,17,19-24,29,31].

The primary goal of this study was to examine and quantify the
change in ADR as a result of feedback among the endoscopists.
Therefore, we included pre- and post-feedback ADRs from
observational studies, and only the study groups from RCTs
for the purpose of estimating the effect of feedback and the
change in ADR before and after the intervention. Some of the
studies included in the meta-analysis reported post-feedback
ADR results at multiple intervals; Nielsen et al provided data
on pre-feedback, early post-feedback ADR (phase 2), and late
post-feedback ADR (phase 3) [22]. Similarly, Sey et al reported
data at baseline, at 1 year after feedback and at 2 years after the
feedback [17]. Whenever post-feedback results were reported
at more than 1 interval, we considered pre-feedback (baseline)
ADR and the ADR at the end of the study (late phase or phase 3)
for statistical analysis. Study designs, patient characteristics,
and individual study outcomes of the included studies are listed
in Table 1. The flow diagram depicting our literature search
strategy and study selection process is shown in Fig. 1.

Atotal of 12 studieswereincluded foranalysisof ADR, withatotal
0f 78,355 colonoscopies performed by more than 217 endoscopists.
There were 3 RCTs and 9 observational studies. The mean age of
the study population was 59.52 years (reported in 9 studies),
with 45.42% male. There were 49,607 subjects who underwent
colonoscopy during the pre-feedback phase and 28,748 subjects
during the post feedback period. Seven studies included subjects
who underwent screening colonoscopy only [7,16,20,21,23,24,27]
and 4 studies that included both screening colonoscopies and
surveillance colonoscopies [18,19,22,25]. One study included
subjects who underwent colonoscopy due to positive gFOBT and
family history of CRC [17].

Among the 12 studies included in the meta-analysis,
6 studies used active feedback in the form of quality
improvement training, presentations, or by providing tips on
how to improve ADR. The remaining 6 studies used passive
feedback in the form of either report cards only (5 studies) or
by public reporting of benchmark indices (1 study). In a RCT
by Kaminski et al, both the control group and the study group
received report cards, but the study group also received active
intervention in the form of hands-on training. Only the study
group was considered for primary outcome analysis (before and
after feedback of ADR), and the control group was included in
a subgroup analysis with no active intervention [27].

Quality of the included studies was assessed using the
Newcastle-Ottawa scale for cohort studies, as shown in
Supplementary Table 2. Among the 15 studies included in the
meta-analysis, 6 studies scored 6, 5 studies scored 7, and 4 studies
scored 8. Supplementary Table 2 provides details on each parameter
of the Newcastle-Ottawa scale and scores for each parameter from
each study as well as a summary score for cohort studies.
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ADR

First, we examined if feedback can improve ADR in the
study groups compared to the control groups from RCTs.
Analysis of 3 RCTs showed that the feedback improved ADR
significantly (OR 1.26, 95%CI 1.08-1.46; P=0.004), suggesting
feedback is effective in achieving improvement in the ADR.
Fig. 2 shows a forest plot for pooled estimates comparing
the control group and study groups in the RCTs. Further, we
compared ADR before and after the feedback in the same
group of endoscopists from all included studies.

Pooled ADR was found to be higher when endoscopists
performing colonoscopies received any form of feedback
compared to none (36.18% vs. 26.75%; P<0.001). ADR
increased significantly after the feedback, with pooled OR
of 1.51 (95%CI 1.37-1.66; P<0.001). There was substantial
heterogeneity in included studies (I’=82%). Fig. 3A shows the
forest plot of studies that employed feedback in any form.

We compared a subgroup analysis of RCTs and
observational studies to examine the difference, if any, in the
pooled estimates between the 2. The pooled odds ratios of 3
RCTs and 9 observational studies were 1.58 (n=26,778; 95%CI
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Figure 1 Flow chart of selecting eligible studies for the meta-analysis

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Cos 2013 244 520 238 680 224% 1.64 [1.30, 2.07] —_——
Kaminski 2016 914 3826 710 3415 37.1% 1.20[1.07, 1.34] —
Wallace 2017 3642 8673 1206 3092 40.5% 1.13[1.04, 1.23] —a
Total (95% CI) 13019 7187 100.0% 1.26 [1.08, 1.46] R
Total events 4800 2154

Heterogeneity: Tau?= 0.01; Chi? = 8.66, df =2 (P =0.01); ?=77%
Test for overall effect: Z = 2.90 (P = 0.004)

N+

05 07 1 15
Favours [No feedback] Favours [Feedback]

Figure 2 Forest plot for pooled analysis of randomized controlled trials: control vs. study groups

CI, confidence interval
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1.49-1.66; P<0.001) and 1.47 (n=48,321; 95%CI 1.27-1.69;
P<0.001), respectively. The heterogeneity among the RCTs
was ‘zero, whereas the heterogeneity among the observational
studies was significant at 84%. However, the OR remained
statistically significant in both the groups and suggesting no
significant difference in the improvement in ADR between
RCTs and observational studies. This also supports our
decision to combine both observational studies and study
groups from RCTs before and after feedback together for the
primary outcome analysis. The forest plot analysis is shown in
Fig. 3B.

The improvement in the ADR can be affected by the
type of population undergoing colonoscopy. The prevalence
of adenomas is likely to be higher among the surveillance
group compared to the screening colonoscopy cohort. We
compared the improvement in ADR among the studies
that included screening colonoscopy cohort only and the
studies that included both screening cohort and surveillance
cohorts. A subgroup analysis showed that the improvement
in the ADR was significant in both the groups (OR 1.43,
95%CI 1.25-1.64; P<0.001 vs. OR 1.67, 95%CI 1.51-1.84;
P<0.001; Fig. 3C).

A subgroup analysis of the 7 studies that employed
passive feedback in the form of report cards only or public
reporting of ADR without training programs to improve the
ADR showed that monitoring without active intervention
alone could improve the ADR significantly (pooled OR 1.43,
95%CI 1.20-1.70; P<0.001). Supplementary Fig. 1 illustrates
pooled estimates of the studies that used report cards or
public reporting only. When the post-feedback ADR rate
of active feedback and passive feedback were compared, the
pooled estimate suggested passive feedback being superior
to active feedback (OR 2.65, 95%CI 2.55-2.77; P<0.001).
Although post-feedback improvement in ADR of active
feedback (mean difference 8.78, 95%CI 8.62-8.94; P<0.001)
and passive feedback (mean difference 10.08, 95%CI 9.76-
10.41; P<0.001) were comparable, the improvement with
passive feedback was 1.3% higher than improvement in
active feedback.

Subgroup analysis of studies that employed active
interventions such as endoscopy quality improvement
program, presentations, tips on how to improve the ADR, and
other benchmark metrics also improved the ADR significantly
(pooled OR 1.52, 95%CI 1.34-1.73; P<0.001). The results of the
pooled estimates are shown in Supplementary Fig. 1. When
the analysis was restricted to prospective studies alone, the
feedback was shown to improve ADR significantly as well (n=7,
pooled OR 1.52, 95%CI 1.35-1.70; P<0.001). Pooled estimates
of the prospective studies are illustrated in Supplementary
Fig. 2.

Furthermore, when the studies were separated into those
where endoscopist was aware being monitored prior to any
form of feedback (n=5, pooled OR 1.54, 95%CI 1.31-1.81;
P<0.001) and those studies where they were not aware of being
monitored (n=7, pooled OR 1.47, 95%CI 1.32-1.64; P<0.001),
feedback was shown to improve their ADR irrespective of being
aware of the monitoring. Pooled estimates of this subgroup
analysis are shown in Supplementary Fig. 3.
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Secondary outcomes

A total of 11 studies reported PDR, where the feedback
group had 32,996 patients, and the control group had 19,132
patients. The PDR was significantly higher in the feedback
group when compared to the control group (53.24% vs. 35.96%,
pooled OR 1.46; 95%CI 1.25-1.71; P<0.001). Supplementary
Fig. 4 demonstrates the pooled analysis of the PDR.

Eight studies reported AADR involving 45,056 patients.
The AADR improved from 7.1% in the control group to 10.1%
in the feedback group (pooled OR 1.20, 95%CI 1.09-1.33;
P=0.0004). Supplementary Fig. 5 shows pooled estimates of 7
studies that reported AADR.

Only 2 studies reported SSADR, and no significant
improvement in the SSADR was noted (pooled OR 1.34, 95%CI
0.65-2.77; P=0.43). Supplementary Fig. 6 shows the forest plot
of the included study and pooled estimates. Withdrawal time
was reported by 4 studies included in this meta-analysis, and
pooled estimates show that withdrawal time increased from
8.51 min in the control group to 10.19 min in the feedback
group (P=0.214). There was no significant change in the cecal
intubation rate after the feedback group when compared to the
control group (85.6% vs. 86%; P=0.68).

Publication bias

We analyzed the publication bias of the included studies using
the funnel plot. Fig. 4 shows the clustering of the effect size at the
top of the funnel plot suggestive of no major publication bias in
the included studies for the primary outcome estimate. None of
the included studies was outside of the funnel plot limits.

Discussion

This systematic review and meta-analysis of nearly 78,000
colonoscopies show that feedback in any form to endoscopist
leads to a statistically significant improvement in ADR by
almost 9%. Feedback also led to an improvement in AADR
by 3%. A comparison of the control group and study groups
from RCTs showed that ADR was significantly higher in the
feedback group. Subgroup analysis of the studies showed
improvement in the ADR with both passive and active forms
of feedback. In addition, positive change in ADR with feedback
was present irrespective of whether endoscopists were aware of
being monitored. This clearly indicates the benefits of feedback.
The findings on SSADR, WT, and cecal intubation were limited
by a small number of studies reporting these outcomes. For
the same reason, these outcomes could not be correlated with
primary outcome measures.

It is also important to note that the improvement in ADR
was significant across all formats of studies irrespective of the
study designs. No significant difference in pooled estimates
was observed when the studies were grouped as observational,
RCTs, prospective randomized or nonrandomized, or
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Feedback group No Feedback group Odds Ratio Odds Ratio

Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Abdul-Baki 2015 5424 14899 660 2627 10.8% 1.71[1.55, 1.87] -
Barclay 2008 823 2325 487 2053 9.7% 1.76 [1.54, 2.01] =
Coe 2013 243 520 216 602 6.8% 1.57 [1.23, 1.99] —_—"
Gurudu 2018 398 1057 169 555  7.3% 1.38[1.11,1.72] = =
Kahi 2013 319 592 153 336 6.1% 1.40[1.07, 1.83] P
Kaminski 2016 785 3286 1082 6217 10.5% 1.49 [1.34, 1.65] -
Keswani 2015 1419 3639 684 2444  10.3% 1.64 [1.47,1.84] -
Nielsen 2017 39 105 14 100 1.6% 3.63 [1.82, 7.24]

Otto 2010 123 541 166 850 6.3% 1.21[0.93, 1.58] A
Rajasekhar 2015 2381 13157 698 4351 10.8% 1.16 [1.05, 1.27] P

Sey 2015 338 813 391 1133 8.2% 1.35[1.12, 1.63] e
Wallace 2017 3643 8673 2319 7480 11.4% 1.61[1.51,1.72] -
Total (95% Cl) 49607 28748 100.0% 1.51 [1.37, 1.66] 2
Total events 15935 7039

Heterogeneity: Tau? = 0.02; Chi? = 61.17, df = 11 (P < 0.00001); I = 82% 0 1 0'2 0'5 2 5 10‘

Test for overall effect: Z = 8.43 (P < 0.00001) Favors no feedback Favors feedback

Test for overall effect: Z = 8.15 (P < 0.00001)
Test for subgroup differences: Chi? = 3.11, df 1 (P=0.08), I = 67.8%

B Feedback group No Feedback group Odds Ratio Odds Ratio
Study or subgroup Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

1.7.1 RCTs
Coe 2013 243 520 216 602 7.0% 1.57 [1.23, 1.99] ———
Kaminski 2016 785 3286 1082 6217 10.9% 1.49[1.34, 1.65] o
Wallace 2017 3643 8673 2319 7480 11.8% 1.61[1.51,1.72] -
Subtotal (95% CI) 12479 14299 29.7% 1.58 [1.49, 1.66] +
Total events 4671 3617
Heterogeneity: Tau? = 0.00; Chi? = 1.60, df =2 (P = 0.45); I = 0%
Test for overall effect: Z = 16.62 (P < 0.00001)
1.7.2 Observational studies
Abdul-Baki 2015 5424 14899 660 2627 11.1% 1.71 (1.55, 1.87] =
Coe 2013 243 520 216 602 7.0% 1.57 (1.23,1.99] —
Gurudu 2018 398 1057 169 555 7.5% 1.38[1.11,1.72] —r—
Kahi 2013 319 592 153 336 6.3% 1.40[1.07, 1.83] —_——
Keswani 2015 1419 3639 684 2444 10.7% 1.64 [1.47, 1.84] -
Nielsen 2017 39 105 14 100 1.7% 3.63 (1.82,7.24]
Otto 2010 123 541 166 850 6.4% 1.21[0.93, 1.58] T
Rajasekhar 2015 2381 13157 698 4351 11.2% 1.16 [1.05, 1.27] ~
Sey 2015 338 813 391 1133  8.5% 1.35[1.12, 1.63] —_
Subtotal (95% CI) 35323 12998 70.3% 1.47 [1.27, 1.69] @
Total events 10684 3151
Heterogeneity: Tau? = 0.03; Chi? = 49.31, df = 8 (P < 0.00001); 12 = 84%
Test for overall effect: Z = 5.34 (P < 0.00001)
Total (95% CI) 47802 27297 100.0% 1.49 [1.35, 1.63] *
Total events 5
Heterogeneity: Tau? = 0.02; Chi? = 56.17, df = 11 (P < 0.00001); | = 80% 0‘1 0‘2 0‘5 2‘ 5 1‘0
Test for overall effect: Z = 8.15 (P < 0.00001) - | ]
Test for subgroup differences: Chi = 0.89, df = 1 (P = 0.35), I? = 0% Favors [No Feedback] Favors [Feedback]

Feedback group No Feedback group Odds Ratio Odds Ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.8.1 Screening colonoscopies only
Barclay 2008 823 2325 487 2053 10.6% 1.76 [1.54, 2.01] —
Gurudu 2018 398 1057 169 555  8.0% 1.38 [1.11, 1.72] e
Kahi 2013 319 592 153 336 6.8% 1.40[1.07, 1.83] s Sl
Kaminski 2016 785 3286 1082 6217 11.4% 1.49 [1.34, 1.65] —
Keswani 2015 1419 3639 684 2444 11.2% 1.64 [1.47, 1.84] o
Otto 2010 123 541 166 850 6.9% 1.21[0.93, 1.58] S
Rajasekhar 2015 2381 13157 698 4351 11.7% 1.16 [1.05, 1.27] ——
Subtotal (95% CI) 24597 16806 66.7% 1.43 [1.25, 1.64] .
Total events 6248 3439
Heterogeneity: Tau? = 0.03; Chi? = 38.23, df = 6 (P < 0.00001); I> = 84%
Test for overall effect: Z=5.13 (P < 0.00001)
1.8.2 Screening and surveillance colonoscopies
Abdul-Baki 2015 5424 14899 660 2627 11.7% 1.71[1.55, 1.87] _—
Coe 2013 243 520 216 602 7.5% 1.57 [1.23, 1.99] —
Nielsen 2017 39 105 14 100 1.8% 3.63[1.82,7.24] ——
Wallace 2017 3643 8673 2319 7480 12.3% 1.61[1.51,1.72] -
Subtotal (95% CI) 24197 10809 33.3% 1.67 [1.51, 1.84] <>
Total events 9349 3209
Heterogeneity: Tau? = 0.00; Chi? = 6.17, df =3 (P =0.10); I?’=51%
Test for overall effect: Z=10.01 (P < 0.00001)
Total (95% CI) 48794 27615 100.0% 1.52 [1.37, 1.68] <>
Total events 15597
Heterogeneity: Tau? = 0.02; Chi? = 59.54, df = 10 (P < 0.00001): I> = 83% + . : +

0.5 0.7 1.5 2
Favors [No Feedback] Favors [Feedback]

Figure 3 (A) Forest plot for pooled analysis of adenoma detection rate of all studies; pre- vs. post- feedback analysis. (B) Forest plot for pooled
analysis of adenoma detection rate from randomized controlled trials and observational studies. (C) Forest plot for pooled analysis adenoma

detection rate of studies based on the type of population

CI, confidence interval
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Figure 4 Funnel plot for bias analysis of studies included in the pooled
estimation of adenoma detection rate
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retrospective studies. Similarly, the improvement in ADR was
also observed when the analysis was restricted to studies that
included population who underwent screening colonoscopy
only as well as when both surveillance and screening cohorts
were included. This is a clear indication that the improvement
in ADR was not confounded by the population included in the
studies.

There is scarce literature on the standard definitions of
“feedback” to endoscopists on their performance. The types
and methods of feedback have not been clearly defined or
validated. It is also not clear whether passive feedback utilizing
report cards alone is sufficient or active interventions such
as quality improvement training, supervised colonoscopy
sessions, and tips on how to improve ADR are required.
A recently published meta-analysis evaluated the effect of
training intervention on ADR. The study showed that training
intervention improves the ADR; however, it was limited by
a small number of studies included, and the study did not
evaluate various forms of feedback [32]. Another currently
in press meta-analysis by Bishay et al also found that ADR
improves with feedback. However, the study missed 2 RCTs and
was again limited by a 50% smaller number of colonoscopies.
Moreover, the meta-analysis did not address whether there
is any difference between various types of feedback [33]. In
this meta-analysis, we attempted a comprehensive review of
the available literature and evaluated the effect of feedback
on ADR. Our study has a significantly large number of
studies included and comprehensive in evaluating the effect
of feedback based on the type of population, study design,
type of feedback, and evaluated multiple secondary outcomes
that are not reported in previous meta-analyses. This meta-
analysis shows that structured feedback in any form, whether
active or passive, has the potential to improve ADR. This, in
turn, has implications for improving the quality of screening
colonoscopy and the potential to reduce the incidence of post
colonoscopy CRC.

The pooled estimates in this meta-analysis suggest that
both passive feedback and active feedback improve the
ADR. In this analysis, we did attempt to stratify feedback
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being monitoring of ADR (passive) vs. active intervention
with the training of personnel to examine their relative
potential. Although passive feedback resulted in higher ADR
than active feedback (OR 2.65, 95%CI 2.55-2.77; P<0.001),
we could not assess the factors that may be responsible
for this difference. In a multicenter RCT [27], the effect
of passive feedback and active feedback on ADR were
compared. Endoscopists were randomized into the control
group (received report cards only) and the study group
(received a pre-training assessment, hands-on training,
post-training assessment, and feedback). The study showed
that both methods improved ADR significantly. However,
the improvement in the active feedback group (6.5%) was
significantly greater than the passive group (2.3%) compared
to the pre-intervention phase. There are no other studies that
have previously compared the effect of feedback in the form
of report cards alone vs. active interventions. Therefore,
future studies should compare various types of feedback to
further crystallize our understanding of their effectiveness
and benefits.

Previous studies have reported improvement in ADR with
feedback varying from 2-23% [22,24]. Pooled estimates from
our meta-analysis show that the average improvement in ADR
is around 9%. This broad variation in the effect of feedback is
likely due to the different methods and processes of feedback
utilized by various studies. In this meta-analysis, we also
determined that the improvement in quality metrics was not
limited to ADR alone. Pooled estimates suggest that significant
improvement was observed in PDR (9 studies) and AADR
(7 studies) as well.

There are certain limitations of this study that should be
acknowledged while reviewing pooled results. The definition of
feedbackis not clearly defined in the gastroenterology literature
or by the gastroenterological societies. This limits our search
criteria to be subjective and based on prior literature. We need
to define different forms and grades of feedback to understand
their impact and relative efficacy. Second, previous studies
have applied different forms of feedback methods, including
report cards, quality improvement training programs,
supervision of endoscopists with low ADR, and classroom
presentations. There was, therefore, substantial heterogeneity
noted in this analysis. This is likely explained by the fact that
all forms of feedback were taken together as a group, and
even subgroup analysis involved broad categories of active
or passive forms of feedback. The role of methodological
heterogeneity and clinical heterogeneity cannot be explored
due to lack of data and also due to not having more than a
few studies of a particular type of feedback. Lastly, 3 studies
included in the meta-analysis used trainees to assess the effect
of feedback. It is expected that trainees will have a lower
ADR to start with, and their ADR improves with training.
Since colonoscopies were performed by trainees under the
supervision of experienced endoscopists, we considered these
studies to be valid for inclusion in the meta-analysis. When
these 2 studies (Kahi ef al and Rajasekhar et al) were excluded
from the analysis primary outcome analysis, the change in the
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pooled estimates was negligible (pooled OR 1.58, 95%CI 1.47-
1.69; P<0.001).

Some of the studies included in this systematic review
reported that the improvement in ADR was substantially
higher among the endoscopists who had the lowest ADR
before feedback compared to endoscopists who had higher
ADR to begin with [17]. This premise can be used to target
the group of endoscopists that may benefit the most from
feedback. When the feedback was provided anonymously, the
performance improvement in ADR is postulated to be due to
healthy competition among peers.

Given that in some studies, the endoscopists knew that
they are participating in the research, the improvement
in ADR could be due to the ‘Hawthorne effect”. However,
our subgroup analysis above disputes this and shows the
benefits of feedback regardless of the endoscopists being
aware of monitoring or not. It is also not clear how long
the improvement in ADR will last once the feedback is
discontinued. Long term follow-up of the quality metrics is
required to assess the longevity of the effect of feedback and
to determine the frequency of feedback needed to sustain a
high-quality colonoscopy.

Therefore, a consensus-based structured feedback
strategy needs to be developed and validated through RCTs
with sufficient follow up. Although this meta-analysis
showed improvement in ADR due to feedback, it is not clear
if feedback alone is enough to sustain the improvement.
A combination of feedback reports, public reporting, and
other incentives may be needed to sustain the improved
benchmark indices. Based on our meta-analysis, feedback
to endoscopists improves the quality of colonoscopy by
increasing the ADR, PDR, and AADR. A well-defined and
structured feedback mechanism should be implemented
for improving this critical quality indicator of colonoscopy.
Future studies are warranted to compare various forms
of feedback methods to understand the benefits and
limitations.

Summary Box

What is already known:

e Adenoma detection rate (ADR) correlates with
quality of colonoscopy

e Low adenoma rate is associated with increased risk
of interval colon cancer

e Feedback to endoscopists improves ADR

What the new findings are:

e Meta-analysis shows feedback to endoscopists
improves ADR

e Improvement in adenoma detection rate is
independent of type of feedback
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Supplementary material

Supplementary Table 1 Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) checklist [26]

Section/topic #  Checklist item Reported
on page #

TITLE

Title 1 Identify the report as a systematic review, meta-analysis, or both 1

ABSTRACT

Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data 3-4
sources; study eligibility criteria, participants, and interventions; study appraisal and
synthesis methods; results; limitations; conclusions and implications of key findings;
systematic review registration number

INTRODUCTION

Rationale 3 Describe the rationale for the review in the context of what is already known 5-6

Objectives 4 Provide an explicit statement of questions being addressed with reference to 5
participants, interventions, comparisons, outcomes, and study design (PICOS)

METHODS

Protocol and registration 5  Indicate if a review protocol exists, if and where it can be accessed (e.g., web address), NA
and, if available, provide registration information including registration number

Eligibility criteria 6  Specify study characteristics (e.g., PICOS, length of follow up) and report 7
characteristics (e.g., years considered, language, publication status)
used as criteria for eligibility, giving rationale

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with 7
study authors to identify additional studies) in the search and date last searched

Search 8  Present full electronic search strategy for at least one database, including any limits 7
used, such that it could be repeated

Study selection 9  State the process for selecting studies (i.e., screening, eligibility, included in systematic 7-8
review, and, if applicable, included in the meta-analysis)

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in 7
duplicate) and any processes for obtaining and confirming data from investigators

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) 7
and any assumptions and simplifications made

Risk of bias in individual studies 12 Describe methods used for assessing risk of bias of individual studies (including 9
specification of whether this was done at the study or outcome level), and how this
information is to be used in any data synthesis

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means) 8-9

Synthesis of results 14  Describe the methods of handling data and combining results of studies, if done, 9
including measures of consistency (e.g., D) for each meta-analysis

Risk of bias across studies 15  Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., 9
publication bias, selective reporting within studies)

Additional analyses 16  Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta- 8-9
regression), if done, indicating which were pre-specified

RESULTS

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, 10
with reasons for exclusions at each stage, ideally with a flow diagram

Study characteristics 18  For each study, present characteristics for which data were extracted (e.g., study size, 10

PICOS, follow-up period) and provide the citations

(Contd...)



Supplementary Table 1 (Continued)

Section/topic # Checklist item Reported
on page #
TITLE
Risk of bias within studies 19  Present data on risk of bias of each study and, if available, any outcome level
assessment (see item 12)
Results of individual studies 20  For all outcomes considered (benefits or harms), present, for each study: 22
(a) simple summary data for each intervention group (b) effect estimates and
(b) confidence intervals, ideally with a forest plot
Synthesis of results 21  Present results of each meta-analysis done, including confidence intervals and 10-13
measures of consistency
Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). 14
Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta- 13
regression [see Item 16])
DISCUSSION
Summary of evidence 24  Summarize the main findings including the strength of evidence for each main 14-15
outcome; consider their relevance to key groups (e.g., healthcare providers, users, and
policy makers)
Limitations 25  Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level 16
(e.g., incomplete retrieval of identified research, reporting bias)
Conclusions 26  Provide a general interpretation of the results in the context of other evidence, and 17
implications for future research
FUNDING
Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply None
of data); role of funders for the systematic review
NA, not available
Feedback group No feedback group Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI|
1.5.1 Prospective - active intervention group
Barclay 2008 823 2325 487 2053 8.8% 1.76 [1.54, 2.01] ==
Coe 2013 243 520 216 602 6.5% 1.57[1.23,1.99] —
Kaminski 2016 785 3286 1082 6217 9.3% 1.49 [1.34, 1.65] =
Keswani 2015 1419 3639 684 2444 9.2% 1.64 [1.47, 1.84] e =
Rajasekhar 2015 2381 13157 698 4351 9.5% 1.16 [1.05, 1.27] -
Wallace 2017 3643 8673 2319 7480  10.0% 1.61[1.51,1.72] =
Subtotal (95% CI) 31600 23147 53.2% 1.52 [1.34, 1.73] <
Total events 9294 5486
Heterogeneity: Tau® = 0.02; Chi® = 43.62, df = 5 (P < 0.00001); I’ = 89%
Test for overall effect: Z = 6.33 (P < 0.00001)
1.5.2 Prospective - No active intervention group
Abdul-Baki 2015 5424 14899 660 2627 9.5% 1.71[1.55, 1.87] e
Gurudu 2018 398 1057 169 555 6.9% 1.38[1.11,1.72]
Kahi 2013 319 592 153 336 5.9% 1.40[1.07, 1.83] =
Kaminski feedback 2016 710 3415 882 4766 9.2% 1.16 [1.04, 1.29] ==
Nielsen 2017 39 105 14 100 1.7% 3.63[1.82, 7.24] I
Otto 2010 123 541 166 850 6.0% 1.21[0.93, 1.58] e
Sey 2015 338 813 391 1133 7.6% 1.35[1.12, 1.63] ==
Subtotal (95% CI) 21422 10367 46.8% 1.43 [1.20, 1.70] E
Total events 7351 2435
Heterogeneity: Tau® = 0.04; Chi® = 36.82, df = 6 (P < 0.00001); I’ = 84%
Test for overall effect: Z = 3.99 (P < 0.0001)
Total (95% CI) 53022 33514 100.0% 1.47 [1.33, 1.62] *
Total events 16645 7921
sl 2 _ . 2 _ - | ! } 4 t I
Heterogeneity: Tau? = 0.02; Chi* = 82.68, df = 12 (P < 0.00001); I¥ = 85% o1 02 0’5 3 ¢ 10

Test for overall effect: Z = 7.64 (P < 0.00001)
Test for subgroup differences: Chi® = 0.31, df = 1 (P = 0.58), I’ = 0%

Favours no feedback Favours feedback

Supplementary Figure 1 Forest plot for pooled analysis of adenoma detection rate based on the type of feedback (active vs. passive)

CI, confidence interval




Feedback group

No feedback group

Odds Ratio

Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Barclay 2008 823 2325 487 2053 12.7% 1.76 [1.54, 2.01] =
Coe 2013 243 520 216 602 9.1% 1.57 [1.23, 1.99] ==
Gurudu 2018 398 1057 169 555 9.7% 1.38 [1.11, 1.72] o S
Kaminski 2016 785 3286 1082 6217 13.6% 1.49 [1.34, 1.65] ol
Keswani 2015 1419 3639 684 2444 13.3% 1.64 [1.47, 1.84] =
Nielsen 2017 39 105 14 100 2.3% 3.63 [1.82, 7.24]
Rajasekhar 2015 2381 13157 698 4351 13.9% 1.16 [1.05, 1.27] -
Sey 2015 338 813 391 1133 10.9% 1.35[1.12, 1.63] ==
Wallace 2017 3643 8673 2319 7480 14.6% 1.61[1.51,1.72] -
Total (95% CI) 33575 24935 100.0% 1.52 [1.35, 1.70] <
Total events 10069 6060
Heterogeneity: Tau® = 0.02; Chi* = 51.79, df = 8 (P < 0.00001); I’ = 85% 10 1 052 t 2: t 10:
Test for overall effect: Z = 7.18 (P < 0.00001) Eavours.no feedback [Bavours feedback
Supplementary Figure 2 Forest plot analysis for adenoma detection rate in prospective studies
CI, confidence interval
Feedback group No feedback group Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
1.6.1 Aware of data being collected
Abdul-Baki 2015 5424 14899 660 2627 10.8% 1.71[1.55, 1.87] =
Barclay 2008 823 2325 487 2053 9.7% 1.76 [1.54, 2.01] =
Coe 2013 243 520 216 602 6.8% 1.57 [1.23, 1.99] ——
Rajasekhar 2015 2381 13157 698 4351 10.8% 1.16 [1.05, 1.27] -~
Wallace 2017 3643 8673 2319 7480 11.4% 1.61[1.51, 1.72] -
Subtotal (95% CI) 39574 17113  49.5% 1.54 [1.31, 1.81] <
Total events 12514 4380
Heterogeneity: Tau? = 0.03; Chi® = 47.32, df = 4 (P < 0.00001); I = 92%
Test for overall effect: Z = 5.24 (P < 0.00001)
1.6.2 Not aware of data being collected
Gurudu 2018 398 1057 169 555 7.3% 1.38 [1.11; 1.72) —_—
Kahi 2013 319 592 153 336 6.1% 1.40 [1.07, 1.83] ——
Kaminski 2016 785 3286 1082 6217 10.5% 1.49 [1.34, 1.65] =
Keswani 2015 1419 3639 684 2444 10.3% 1.64 [1.47, 1.84] -
Nielsen 2017 39 105 14 100 1.6% 3.63 [1.82, 7.24]
Otto 2010 123 541 166 850 6.3% 1.21[0.93, 1.58] T
Sey 2015 338 813 391 1133 8.2% 1.35[1.12, 1.63] i v
Subtotal (95% CI) 10033 11635 50.5% 1.47 [1.32, 1.64] .
Total events 3421 2659
Heterogeneity: Tau® = 0.01; Chi* = 13.56, df = 6 (P = 0.03); I’ = 56%
Test for overall effect: Z = 6.92 (P < 0.00001)
Total (95% CI) 49607 28748 100.0% 1.51 [1.37, 1.66] &
Total events 15935 7039
Heterogeneity: Tau® = 0.02; Chi* = 61.17, df = 11 (P < 0.00001); I’ = 82% 50 s 012 O:S } } 10:
Test for overall effect: Z = 8.43 (P < 0.00001) B Fa;/ours nio féedback Favoors feadback
Test for subgroup differences: Chi? = 0.21, df = 1 (P = 0.65), I’ = 0%
Supplementary Figure 3 Forest plot analyzing the effect of awareness of data being collected prior to feedback on adenoma detection rate
CI, confidence interval
Feedback group No feedback group Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Abdul-Baki 2015 8072 14899 1227 2627 11.3% 1.35[1.24, 1.47] -
Barclay 2008 895 2325 464 2053 10.8% 2.14 [1.88, 2.45] .
Coe 2013 148 520 124 602 8.5% 1.53[1.17, 2.02] ——
Gurudu 2018 634 1057 266 555 9.7% 1.63 [1.32, 2.00] —_—
Harewood 2008 38 211 11 85 3.3% 1.48 [0.72, 3.05] s
Imperiali 2007 813 2465 758 2242 10.9% 0.96 [0.85, 1.09] S
Nielsen 2017 53 105 22 100 4.2% 3.61[1.97, 6.64] —_——
Otto 2010 206 541 281 850 9.4% 1.25 [0.99, 1.56] o
Sey 2015 421 813 510 1133 10.1% 1.31[1.10, 1.57] i 2
Taber 2008 571 1387 530 1405 10.5% 1.16 [0.99, 1.34] =
Wallace 2017 5290 8673 3665 7480 11.5% 1.63[1.53,1.73] -
Total (95% CI) 32996 19132 100.0% 1.46 [1.25, 1.71] <>
Total events 17141 7858
ity - . 2 — <12 = ! 3 I 1 i 1
Heterogeneity: Tau® = 0.05; Chi* = 114.33, df = 10 (P < 0.00001); I = 91% 51 o> G ) : 0

Test for overall effect: Z = 4.83 (P < 0.00001)

Favors no feedback Favors feedback

Supplementary Figure 4 Forrest plot for pooled analysis of polyp detection rate

CI, confidence interval
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Feedback group  No feedback group Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Abdul-Baki 2015 1887 14899 264 2627 27.1% 1.30[1.13, 1.49] -
Barclay 2008 146 2325 113 2053 12.4% 1.15[0.89, 1.48] =
Coe 2013 74 520 58 602 6.8% 1.56 [1.08, 2.24] ———
Gurudu 2018 77 1057 44 555 6.2% 0.91[0.62, 1.34] T
Kahi 2013 79 592 38 336 5.5% 1.21[0.80, 1.82] =
Otto 2010 33 541 64 850 5.0% 0.80 [0.52, 1.23] S B
Sey 2015 76 813 78 1133 8.1% 1.39[1.00, 1.94] e
Wallace 2017 607 8673 449 7480  29.0% 1.18 [1.04, 1.34] ——
Total (95% CI) 29420 15636 100.0% 1.20 [1.09, 1.33] <&
Total events 2979 1108
Heterogeneity: Tau® = 0.01; Chi* = 9.46, df = 7 (P = 0.22); I = 26% I } } } t |
Test for overall effect: Z = 3.57 (P = 0.0004) o ga;\fors no fg-esdback Favorséfeedback : 10
Supplementary Figure 5 Forrest plot for advanced adenoma detection rate pooled analysis
CI, confidence interval
Feedback group No feedback group Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Gurudu 2018 77 1057 21 555 46.1% 2.00[1.22, 3.27] ——
Kahi 2013 193 592 113 336 53.9% 0.95[0.72, 1.27]
Total (95% CI) 1649 891 100.0% 1.34 [0.65, 2.77]
Total events 270 134
Heterogeneity: Tau? = 0.23; Chi’ = 6.48, df = 1 (P = 0.01); I> = 85% 30 o1 t T 130 1005

Test for overall effect: Z = 0.80 (P = 0.43)

0.1
Favors no feedback Favors feedback

Supplementary Figure 6 Forrest plot for serrated sessile adenoma detection rate pooled analysis

CI, confidence interval




