
Introduction
Colorectal cancer is the fourth leading cause of cancer in the
United Kingdom (UK), responsible for over 42,000 new diagno-
sis each year [1]. The majority of colorectal cancers arise from
precancerous polyps and their removal has been shown to re-
duce the risk of colon cancer [2, 3]. Because the progression

from adenoma to adenocarcinoma is believed to generally oc-
cur over a number of years, most polyps encountered during
colonoscopy are benign [4]. However, complex polyps, which
are usually larger in size and may be sessile, flat, laterally
spreading, or depressed, carry a higher risk of being malignant,
defined as invasion into the submucosa but not the muscularis
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ABSTRACT

Background and study aims The aim of this study was to

investigate the impact of delayed endoscopic mucosal re-

section (EMR) of colorectal polyps on health outcomes.

Patients and methods A bidirectional cohort study was

completed. A baseline group consisting of all EMRs per-

formed within a 15-month period before a province-wide,

government-mandated cessation of EMR procedures due

to the global pandemic was compared to EMRs impacted

by the shutdown, defined as the COVID-19-delayed group.

The primary outcome was the incidence of malignant

polyps. Secondary outcomes included technical success,

polyp recurrence at follow-up colonoscopy, advanced polyp

histology, probability of meeting endoscopic criteria for

adequate resection for malignant polyps, metastatic colo-

rectal cancer, and complications.

Results A total of 268 EMR procedures were included in

the study cohort, of which 208 formed the baseline group

and 60 were in the COVID-19-delayed group. The median

(IQR) patient age was 72 (13.0) and 113 (41.2%) were fe-

males. The median (IQR) wait time was 92 days (87.8) in

the baseline group and 191 days (127.8) in the COVID-19-

delayed group (P <0.001). Overall, there were no significant

differences in the incidence of malignant polyps, technical

success, polyp recurrence on follow-up colonoscopy, ad-

vanced polyp histology, adequate endoscopic resection for

malignant polyps, metastatic colorectal cancer, or compli-

cations between the two groups (P>0.05 for all outcomes).

Conclusions A longer wait time for EMR of colorectal

polyps, increasing from a median of 92 to 191 days, was

not associated with worse outcomes.
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propria [5, 6]. These malignant polyps represent the earliest
form of colon cancer [7].

Over the past decade, there has been a paradigm shift in the
management of complex polyps from surgical resection to
endoscopic mucosal resection (EMR), usually by an advanced
endoscopist [7–10]. Currently, there is clinical equipoise re-
garding how long a delay is appropriate between detection of
the complex polyp by a general endoscopist and EMR by an ad-
vanced endoscopist. The British Society of Gastroenterology
(BSG) recommends a target of < 4 weeks from complex polyp
detection until referral to an advanced endoscopist and a target
of < 8 weeks from receipt of the referral to the EMR procedure.
However, the BSG concedes there was no evidence upon which
this recommendation was based and instead, extrapolated
from the general timeline recommended by the United King-
dom National Health Service (NHS) for suspected cancers.
Since then, both the US Multi-Society Task Force on Colorectal
Cancer and the European Society of Gastrointestinal Endoscopy
have released guidelines addressing EMR, although neither ad-
dress suitable wait times [7, 9].

An unintended consequence of the COVID-19 pandemic in
2020 was the unique opportunity to examine the impact of a
prolonged wait time for EMR on the risk of adverse outcomes.
This was due to the closure of many endoscopy units around
the world during the early stages of the pandemic to slow
transmission as well as to conserve healthcare resources and
personal protective equipment [11, 12]. In this bidirectional co-
hort study, we compared the outcomes of EMRs impacted by
COVID-19 related prolonged delays with EMRs performed prior
to the pandemic.

Patients and methods
Study design

A bidirectional cohort study was conducted to evaluate the ef-
fect of a prolonged delay for EMR on adverse outcomes. Be-
tween April 1, 2020 and June 1, 2020, all EMR procedures were
suspended due to a government-mandated reduction in endos-
copy services in the province of Ontario, Canada, in an effort to
limit transmission of COVID-19 and to conserve healthcare re-
sources. All EMR procedures delayed by the service reduction
were considered the “exposed” group and were compared to
the “unexposed” group, which comprised all EMR cases per-
formed during a 15-month period before the government man-
date. All procedures were performed at the London Health Sci-
ences Centre or St. Joseph’s Hospital, both tertiary care centers
affiliated with Western University with a referral population of
1.6 million inhabitants. Exclusion criteria included: 1) individ-
uals younger than 18 years old; 2) EMRs performed for polyps
< 10mm in size; and 3) EMRs performed at the index colonosco-
py by the advanced endoscopists. This last exclusion criterion
was necessary because it encompassed cases in which a com-
plex polyp was detected by an advanced endoscopist and re-
moved during the same session. Because these cases do not
have a wait time, they would not be considered “at risk” for
wait time-related adverse outcomes. Patients were followed
until their first follow-up colonoscopy to assess for recurrence,

typically 6 to 9 months post EMR. However, due to the pan-
demic, we followed the COVID-delayed group up to 18 months
to ensure we captured all follow-up colonoscopies. Approval
was obtained by the Western University Health Sciences Re-
search Ethics Board and the study was reported according to
STROBE guidelines [13].

Exposure definition

EMR procedures performed in the colon or rectum after June 1,
2020 but with an index colonoscopy detecting the polyp prior
to April 1, 2020 were subject to a minimum of 2 months of ad-
ditional delay and defined as the “exposed” group. The “unex-
posed” group was not affected by the government-imposed
delay and were defined as EMR procedures performed in the co-
lon or rectum between January 1, 2019 and March 30, 2020.
The wait time was defined as the number of days between the
index colonoscopy when the complex polyp was detected and
the EMR procedure.

Outcomes

The primary outcome was the incidence of malignant polyps,
defined histologically as submucosal invasion not reaching the
muscularis propria. Secondary outcomes included technical
success, defined as removing all endoscopically visible polyp
tissue; polyp recurrence on follow-up colonoscopy; advanced
polyp histology, defined as any villous component, high-grade
dysplasia, or sessile serrated polyps with any dysplasia; prob-
ability of meeting criteria for an adequate endoscopic resection
for malignant polyps, defined as en bloc resection with negative
margins > 2mm, well to moderately differentiated, lack of lym-
phovascular invasion, lack of tumor budding, and invasion
< 1000µm [7]; metastatic colorectal cancer among the malig-
nant polyps; and complications.

Statistical analysis

The baseline characteristics of patient, procedure, and polyp
were described using median and interquartile range (IQR) for
continuous variables, and frequencies and percentages for ca-
tegorical variables. The difference in baseline characteristics
between the pre-COVID-19 and delayed COVID-19 EMR periods
was compared using Wilcoxon rank-sum test for continuous
variables, and Fisher’s exact test for categorical variables. For
the primary outcomes, Fisher’s exact test was performed to as-
sess the difference between baseline and delayed COVID-19
EMR periods because more than 20% of cells had expected fre-
quencies < 5. For the secondary outcomes, the Fisher’s exact
test was performed except for advanced polyp histology, which
was assessed using the Chi-square test as no cells had expected
values < 5. The proportion of metastatic colorectal cancer was
compared using the one sample proportion test. All statistical
analysis was performed using the statistical software Rstudio
(ver 2022.02.3 Build 492). All tests were two-sided with a sig-
nificance level of P<0.05. A formal sample size calculation, ei-
ther a priori or post-hoc, was not performed due to the use of
a fixed available sample, in keeping with recommendations
from the STROBE guidelines [13].
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Results
Patient and polyp characteristics in exposed and
unexposed groups

During the study observation period, a total of 321 EMR proce-
dures were performed in the colon or rectum, of which 45 were
performed at the index colonoscopy and eight were <1 cm in
size, leaving 268 EMRs eligible for the study. Overall, 60 EMR
cases (22.4%) cases were delayed due to the COVID-19 pan-
demic whereas 208 EMR cases (77.6%) cases were performed
prior to the service reduction and served as the control group
(▶Table1). The median (IQR) age was 72 (13.0), 58.8% were
men, and there with no significant differences between the
COVID-19-delayed and control group (P>0.05 for all variables).
Polyps in the COVID-19-delayed group were on average slightly
smaller (median (IQR) 30 (15) vs. 30 (15) mm, P=0.002) al-
though the distribution of polyp location and Paris classifica-
tion subtypes were not significantly different between the two
groups (P>0.05). The median (IQR) wait time from the index
colonoscopy when the polyp was detected until the EMR proce-
dure was 191 days (127.8) in the COVID-19-delayed group
whereas the control group was 92 days (87.8) (P <0.001).

Polyp-related outcomes in the exposed and
unexposed groups

There were a total of 14 malignant polyps (5.2%) detected in
the cohort, of which four (6.7%) and 10 (4.8%) were in the
COVID-19-delayed and control groups, respectively (P = 0.52)
(▶Table2). There were no significant differences in the prob-
ability of technical success for polyp removal (86.7% vs. 91.4%,
P=0.46), polyp recurrence at follow-up colonoscopy (8.3% vs.
6.7%, P=0.19), advanced polyp histology (46.7% vs. 53.4%,
P=0.42), probability of achieving an adequate resection for ma-
lignant polyps (3.3% vs. 0.5%, P=0.18) or metastatic colon can-
cer (0% vs. 0%, P=0.18) between the delayed group vs. the
control group, respectively. There were 16 intraprocedure
bleeding events (6%), all of which were managed endoscopical-
ly with no significant differences between the two groups, one
delayed microperforation, and one delayed bleed, both of
which were in the control group and were managed with obser-
vation, neither requiring surgery or another colonoscopy.

Discussion
The unprecedented COVID-19 pandemic created a unique op-
portunity to study the effect of delayed endoscopic removal of
complex polyps on health outcomes. Historically, this has been
a challenging area to study, reflected by the lack of evidence
supporting suitable wait time targets in prior guidelines ad-
dressing EMRs and the management of complex polyps [7, 9,
10]. Randomized controlled trials (RCTs) are typically consid-
ered the “gold standard” for answering clinical questions but
that methodology was not well suited for this scenario. For
one, it may not be ethically acceptable to randomize patients
to an intentional delay in the interest of science, even if clinical
equipoise exists due to the potential for harm. More pragmati-
cally, recruitment for such a clinical trial would likely be extraor-

dinarily difficult because patients would have to consent to the
possibility of being randomized to an intentionally delayed arm
with no foreseeable benefits. Similarly, observational studies
are not suitable due to confounding by indication. This is a fre-
quent form of bias in observational studies because the alloca-
tion between the “exposed” and “unexposed” groups is not
random, instead being based on clinical need or indication
[14]. In this scenario, an observational study examining the as-
sociation between wait times for EMR and adverse outcomes
may find that those with the shortest wait times are at the
highest risk for a poor outcome. In this example, this finding
would likely be the result of confounding by indication, where-
by the endoscopist triages the highest acuity cases, such as
polyps with depression, to the shortest wait times. As such,
the cause of the worse outcomes in the shorter wait time group
is not the wait time itself, but the higher-acuity cases that were
rightly performed first.

The COVID-19 pandemic provided an unintended opportu-
nity to address, in part, the problem of confounding by indica-
tion by applying an across-the-board delay in all EMR cases of 2
months in our cohort. Thus, all EMR cases, regardless of acuity,
were delayed equally. This was reflected in our median wait
time for EMR, which increased significantly from a median of
92 days at baseline to 191 days during the pandemic. However,
despite this substantial increase, there were no significant dif-
ferences in clinically meaningful outcomes, such as the prob-
ability of having a malignant polyp, technical success of the
procedure itself, polyp recurrence at follow-up colonoscopy,
advanced polyp histology, probability of endoscopic cure for
malignant polyps, metastatic colorectal cancer, or complica-
tions.

To our knowledge, there have been no prior studies of this
nature. The most similar report we could find was by Samani
et al., who recently shared their experiences with complex
polyps during COVID-19 at two large NHS hospitals in the UK
in a letter to the editor in the journal Gut [15]. In that report,
they compared COVID-19-delayed colorectal EMR cases (n =
35) with a baseline group 1 year before the pandemic (n =76).
Not surprisingly, the COVID-19-impacted group had longer me-
dian wait times (16 weeks vs. 8 weeks, P=0.001). As the pri-
mary outcome, they compared the median size increases from
the index colonoscopy until the EMR between the two groups.
The COVID-19-delayed group had a greater median size in-
crease from 20 to 40mm (P=0.03) compared with the baseline
group, which increased from a median size of 25mm to 30mm
(P=0.06). This report is difficult to reconcile with our findings
due to the limited data available in the publication (e. g. lack of
information describing baseline patient and polyp characteris-
tics between the two groups and whether outcome assessors
were blinded to exposure status). Furthermore, their primary
outcome, polyp size, may be problematic as it is highly subjec-
tive and prior studies have shown that polyp size estimation by
endoscopists is frequently inaccurate [16, 17]. Finally, it was
surprising to see that the median polyp size had doubled from
the time of the index colonoscopy to the EMR procedure in the
COVID-19-delayed group, despite the median wait time being
only 16 weeks. Given that polyps typically take years to pro-
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▶Table 1 Baseline patient and polyp characteristics.

Baseline EMRs COVID-19-delayed

EMRs

Total P value

(N=208) (N=60) (N=274)

Sex 0.054

▪ Female  92 (44.23%)  18 (30.00%) 113 (41.24%)

▪ Male 116 (55.77%)  42 (70.00%) 161 (58.76%)

Age (years) 0.735

Median [IQR]  72 [13.25]  72 [8.75]  72 [13.0]

Bowel preparation 0.305

▪ Very good 170 (81.73%)  48 (80.00%) 224 (81.75%)

▪ Fair  38 (18.27%)  10 (16.67%)  48 (17.52%)

▪ Poor   0 (0.00%)   1 (1.67%)   1 (0.36%)

Location of polyp referred for EMR/ESD 0.278

▪ Cecum  55 (26.44%)  10 (16.67%)  66 (24.09%)

▪ Ascending  59 (28.37%)  14 (23.33%)  76 (27.74%)

▪ Hepatic flexure  23 (11.06%)  11 (18.33%)  34 (12.41%)

▪ Transverse  24 (11.54%)  11 (18.33%)  36 (13.14%)

▪ Splenic flexure   5 (2.40%)   0 (0.00%)   5 (1.82%)

▪ Descending   4 (1.92%)   2 (3.33%)   6 (2.19%)

▪ Sigmoid  17 (8.17%)   7 (11.67%)  25 (9.12%)

▪ Rectum  20 (9.62%)   5 (8.33%)  25 (9.12%)

No. days between index colonoscopy and EMR

Median [IQR]  92 [87.85] 191 [127.8] 107 [104.5] < 0.001

EMR polyp size (mm)

Median [IQR]  30 [15]  30 [15]  30 [20] 0.002

Paris Classification 0.167

▪ IIa 104 (50.00%)  23 (38.33%) 127 (46.35%)

▪ IIa + IIb   2 (0.96%)   0 (0.00%)   2 (0.73%)

▪ IIa + IIc   2 (0.96%)   1 (1.67%)   3 (1.09%)

▪ IIa + Is   3 (1.44%)   1 (1.67%)   4 (1.46%)

▪ IIb   6 (2.88%)   1 (1.67%)   7 (2.55%)

▪ IIc   2 (0.96%)   1 (1.67%)   3 (1.09%)

▪ Ip  10 (4.81%)   3 (5.00%)  13 (4.74%)

▪ Ip + Is   2 (0.96%)   2 (3.33%)   4 (1.46%)

▪ Is  32 (15.38%)  21 (35.00%)  55 (20.07%)

▪ Is + IIa   2 (0.96%)   0 (0.00%)   2 (0.73%)

▪ Is + IIc   2 (0.96%)   0 (0.00%)   2 (0.73%)

▪ Is + Ip   2 (0.96%)   0 (0.00%)   2 (0.73%)

EMR, endoscopic mucosal resection; IQR, interquartile range; ESD, endoscopic submucosal dissection.
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gress from adenomas to colon cancer, and based on our collec-
tive experiences with complex polyps, it is possible that this
may be a spurious finding owing to a small sample size or per-
haps affected by unconscious bias, given the subjective nature
of this outcome and the possible lack of blinding of outcome as-
sessors.

There are two limitations of our study that should be addres-
sed. First, we did not examine shorter or longer wait times. The
baseline median wait time in our study was 92 days and the
COVID-19-delayed wait time was 191 days. It is plausible that
future comparisons using shorter wait times, such as less than
30 days, or longer wait times, such as >6 months, may produce
different results. Ultimately, these studies will likely never be
completed due to the difficulty in conducting RCTs or observa-
tional studies related to wait times as explained above. The sec-
ond limitation relates to the risk of confounding. Adjustments

by means of regression were not possible due to the low event
rate for malignant polyps. However, because adenocarcinomas
generally affect only 0.2% to 5% of polyps [7, 10], a study would
require an unfeasible sample size 10 times larger, or 2,600
EMRs, to have adequate events to permit multivariable regres-
sion. Nonetheless, it is reassuring that the baseline patient and
polyp characteristics were comparable, with no significant dif-
ferences between the two groups with the exception of polyp
size. However, given that the median (IQR) was the same be-
tween the two groups and taking into consideration the known
inaccuracies of polyp size estimation by endoscopists [16, 17],
we felt the small differences in polyp size was likely not clinically
significant and would not have meaningfully influenced our re-
sults.

▶Table 2 Study outcomes.

Baseline EMRs

(N=208)

COVID-19 delayed EMRs

(N=60)

P value

Malignant polyp

▪ No 198 (95.19%) 56 (93.33%) 0.52

▪ Yes  10 (4.81%)  4 (6.67%)

Technical success

▪ No  14 (6.73%)  6 (10.00%) 0.46

▪ Yes 190 (91.35%) 52 (86.67%)

▪ Removal not attempted   4 (1.92%)  2 (3.33%)

Polyp recurrence on follow-up colonoscopy

▪ No 127 (61.06%) 29 (48.33%) 0.19

▪ Yes  14 (6.73%)  5 (8.33%)

▪ No follow-up colonoscopy required1  66 (31.73%) 26 (43.33%)

Advanced polyp histology

▪ No  96 (46.15%) 32 (53.33%) 0.42

▪ Yes 111 (53.37%) 28 (46.67%)

Adequate endoscopic resection for malignant polyps

▪ No   9 (4.33%)  2 (3.33%) 0.18

▪ Yes   1 (0.48%)  2 (3.33%)

Metastatic CRC found for malignant polyps

▪ No  10 (4.81%)  4 (6.67%) 0.18

▪ Yes   0 (0.00%)  0 (0.00%)

Complications

▪ None 188 (90.38%) 55 (91.67%) 0.73

▪ Intraoperative bleeding  11 (5.29%)  5 (8.33%)

▪ Other2   2 (0.96%)  0 (0.00%)

EMR, endoscopic mucosal resection; CRC, colorectal cancer.
1 No follow-up colonoscopy required either due to having surgery for a malignant or unresectable polyp or having an en bloc EMR with negative margins.
2 Other complications include intraoperative perforation, delayed perforation, and delayed bleeding.
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Conclusions
The purpose of this study was not to advocate for longer wait
times, but rather, to provide some reassurance to patients who
experience delays in the performance of EMR. This is because
some patients with complex polyps referred for EMR likely al-
ready harbor a small malignancy at the time of detection, and
as such, should undergo resection and possibly surgery as
soon as possible. Instead, the intent of our study was to exam-
ine whether longer wait times, when necessary due to resource
constraints or other factors, were associated with negative out-
comes. Fortunately, this was not the case. Thus, we conclude
that there was no increased harm associated with an increase
in median wait times for colorectal EMRs from 92 to 191 days.
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