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ABSTRACT

Background Endoscopic screening with polypectomy has
been shown to reduce colorectal cancer incidence in ran-
domized trials. Incomplete polyp removal and subsequent
development of post-colonoscopy cancers may attenuate
the effect of screening. This study aimed to quantify the ex-
tent of incomplete polyp removal.

Methods We included patients aged 50-75 years with
nonpedunculated polyps>5mm removed during colonos-
copy at four hospitals in Norway. To evaluate completeness
of polyp removal, biopsies from the resection margins were
obtained after polypectomy. Logistic regression models
were fitted to identify factors explaining incomplete resec-
tion.

Results 246 patients with 339 polyps underwent polypec-
tomy between January 2015 and June 2017.A total of 12
polyps were excluded due to biopsy electrocautery dam-
age, and 327 polyps in 246 patients (mean age 67 years
[range 42-83]; 52 % male) were included in the analysis.
Overall, 54 polyps (15.9 %) in 54 patients were incompletely
resected. Histological diagnosis of the polyp (sessile serra-
ted lesions vs. adenoma, odds ratio [OR] 10.9, 95% confi-
dence interval [Cl] 3.9-30.1) and polyp location (proximal
vs. distal colon, OR 2.8, 95%Cl 1.0-7.7) were independent
risk factors for incomplete removal of polyps 5-19mm.
Board-certified endoscopists were not associated with low-
er rates of incomplete resection compared with trainees
(14.0% vs. 14.2%), OR 1.0 (95%Cl 0.5-2.1).

Conclusion Incomplete polyp resection was frequent after
polypectomy in routine clinical practice. Serrated histology
and proximal location were independent risk factors for in-
complete resection. The performance of board-certified
gastroenterologists was not superior to that of trainees.

Introduction

Endoscopic screening for colorectal cancer (CRC) has been
shown to reduce CRC incidence by 23%-33% in randomized
trials [1-4]. This is achieved by resection (polypectomy) of ade-
nomas and serrated polyps, which are CRC precursors. How-
ever, there is growing concern that a substantial number of pa-
tients have residual polyp tissue after what is believed to be
complete resection [5,6]. Recent evidence shows that a signifi-
cant number of polyps are incompletely removed. As many as
31% of large and sessile or flat polyps recur [6]. Incomplete po-
lypectomy may have significant clinical implications, potential-
ly accounting for as many as 19% - 27 % of cancers occurring be-
fore the next scheduled colonoscopy (interval cancer) [5,7, 8].

Polypectomy technique varies between endoscopists [9-
11]. Different techniques may lead to important differences in
the ability to remove polyps completely. The proportion of in-
completely removed polyps has been shown to vary more than
threefold between endoscopists [12]. Systematic training and
better techniques may improve polypectomy; for example, in-
jection of submucosal fluid (endoscopic mucosal resection
[EMR]) may facilitate complete removal even in polyps of less
than 1cm in diameter [13].

In order to improve the quality of care for patients with colo-
rectal polyps, it is important to know the rate of incomplete re-
section. Traditionally, experienced endoscopists teach less ex-
perienced colleagues how to perform polypectomies. However,
if the endoscopy technique is suboptimal, experience alone is
not necessarily associated with high quality. Whether or not ex-
perience by itself is associated with incomplete resection of
colorectal polyps is unknown.

The aim of the present study was to estimate the rate of in-
complete polyp removal and to determine risk factors associat-
ed with incomplete polyp resection at multiple centers and be-
tween endoscopists in Norway.

Methods
Study design and patients

This prospective study was conducted at four hospitals in Nor-
way between January 2015 and June 2017.Patients aged be-
tween 50 and 75 years who were scheduled for outpatient co-
lonoscopy were eligible for the study and were included if they
had at least one nonpedunculated polyp =5 mm. Pedunculated
polyps found in the same patient were not included in the ana-
lyses. We excluded patients who had previously undergone
biopsy or attempted polypectomy of the polyp considered for
inclusion, who used clopidogrel or other non-acetylsalicylic
acid platelet inhibitors within the 5 days before the scheduled
colonoscopy, who had an international normalized ratio >1.8,
or who had severe comorbidity. A total of 21 endoscopists par-
ticipated in the study. Of these, 9 were board-certified gastro-
enterologists and 12 were trainee gastroenterologists. Their
mean experience as colonoscopists were 14.3 years and 1.8
years, respectively. In Norway, the minimum requirement to
become a board-certified gastroenterologist is at least 50 poly-
pectomies. Many endoscopists reach this number long before
their training period has finished, and most polypectomies
after the first 50 are therefore performed without direct super-
vision.

Procedures

Prior to the colonoscopy, all patients ingested a split-dose bow-
el preparation of sodium picosulphate/magnesium citrate and
2-41 of additional fluid, depending on local procedures. Colo-
noscopies were performed with 130-cm variable-stiffness colo-
noscopes (Olympus Corp., Hamburg, Germany). The choice of
polypectomy technique was at the discretion of the endos-
copist (»Fig.1). Endoscopists estimated polyp size by refer-
ence to a biopsy forceps or snare. After polypectomy, the
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» Fig.1 Example images of a polypectomy procedure. a Polyp. b Polyp after submucosal injection. c Resection margins after polypectomy.
d Close-up of resection margins with biopsy forceps. Source: Serlandet Sykehus

endoscopists rinsed the polypectomy site with water to im-
prove visualization, closely examined the area with white-light
and narrow-band imaging, and removed visible polyp rem-
nants. Subsequently, endoscopists obtained biopsies (two
from polyps <10mm and four [quadrant] from polyps =10
mm) from the resection margins, using a 2.2-mm biopsy for-
ceps. All polyps and corresponding margin biopsies were sent
in separate containers with formaldehyde to the pathologist
for histopathological assessment. The polyp and corresponding
biopsies were examined by the same pathologist. This was done
to maximize the likelihood that possible residual polyp tissue
was detected, as the pathologist was aware of the type of tissue
to look for in the biopsies after examining the polyp.

The endoscopist recorded the following data on a dedicated
paper form immediately after the procedure: age and sex of the
patient, indication for colonoscopy (screening, symptoms),
polyp size (diameter in mm), and polyp location (proximal for
polyps proximal to and including the splenic flexure; distal for
polyps distal to the splenic flexure), polypectomy method
(with or without electrocautery, with or without submucosal in-
jection [EMR] with contrast agent [e. g. indigo carmine], en bloc
or piecemeal resection), complications, and endoscopist’s
identification. We defined different levels of polypectomy dif-
ficulty according to the time needed for complete polyp re-
moval: easy (<2 minutes), moderate (2-5 minutes), and diffi-
cult (>5 minutes). An English translation of the polyp registra-
tion form is available in the Supplementary material.

Outcomes

The primary outcome of interest was the proportion of incom-
pletely removed polyps. An incompletely removed polyp was
defined as the presence of remnant polyp tissue in the biopsies
taken from the resection margins after polypectomy (positive
margin biopsies). Secondary outcomes included the differen-
ces between endoscopists in rate of incomplete polyp removal
and risk factors associated with incomplete polypectomy.

The study was approved by the Norwegian Centre for Re-
search Data and the need for further ethical approval was
waived by the regional ethics committee of South-East Norway.
Written, informed consent was obtained from all participants
before the colonoscopy.

Statistics

Descriptive statistics are presented as mean with minimum and
maximum values. For the assessment of risk factors predicting
incomplete polyp resection, we first calculated the unadjusted
odds ratio (OR) of incomplete resection in univariate logistic re-
gression analyses using age, sex, histopathology of polyp, level
of difficulty of polypectomy, polypectomy method (hot vs. cold
snare, submucosal injection or not), size and location of polyp,
and endoscopist experience (dichotomized to board-certified
and trainee gastroenterologists) as explaining factors. There
was no interaction between level of difficulty and size of polyp
(P >0.05). Logistic regression models were fitted to identify
factors explaining incomplete resection. We estimated the
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probability of incomplete polyp resection for each endoscopist
in the study, adjusting for case mix (polyp size, location, level of
difficulty of polypectomy, age and sex of patient, histologic di-
agnosis of the polyp). We chose to only include those endos-

» Table 1 Polyp and procedure characteristics (n=327).

Characteristics

Polyps, n (%)

Size
copists who removed 10 or more polyps in the individual analy-
ses. To take account of the fact that each individual could have - S 220 (67.3)
more than one polyp, we used generalized estimating equa- = 10-19mm 81(24.8)
tions models, with compound-s.ymmetry covariance st.ructure. I 26(7.9)
All analyses were conducted with Stata software version 14.2
(StataCorp, College Station, Texas, USA), and P <0.05 was con- Morphology
sidered statistically significant. « Flat 162 (49.5)
= Elevated 133 (40.7)
ReSl—”tS = Uncertain 32(9.8)
A total of 246 patients with 339 polyps were included from four \erealfisaifian’
different hospitals. A total of 12 polyps were excluded due to .
L . . = Proximal colon 211 (64.5)
cautery damage of the biopsies, which precluded histopatholo-
gical examination. Accordingly, 327 polyps in 246 patients = Distal colon 116(35.5)
(mean age 67 years [range 42-83]; 52 % male) were eligible for Histology
analysis. A total of 112 colonoscopies (52.4%) were screening Ad 197 (60.2
colonoscopies, 71 (28.9%) were due to symptoms, and 63 " Adenomas (60.2)
(25.6 %) were classified as “other” indication for colonoscopy = High grade dysplasia 7(3.6)
(e.g. polyp surveillance). The mean polyp size was 9.1 mm and - Lowgrade dysplasia 190 (96.4)
64.5 % of the polyps were located proximally to the splenic flex-
o . Serrated polyps
ure. A total of 197 polyps (60.2 %) had adenomatous histology
(» Table 1). Of the 21 endoscopists participating in the study, = SSA/P 75(22.9)
10 contributed more than 10 polyps. | e malms 53(16.2)
Incomplete resection of polyps 5-19 mm = Carcinomas 2(0.6)
A total of 301 polyps were sized 5-19 mm. Of these, 44 (14.6%) Resection
in 44 patients were incompletely resected (»Table2). Two . Enbloc 246 (75.2)
polyps had carcinomatous histology and were removed from
the analyses. In univariate analyses, increasing polyp size was 0 Pl 81(24.8)
associated with incomplete resection. Polyps 5-9 mm were in- Method for polypectomy
completely resected in 13.2% of the polypectomies, whereas + Cold snare 67 (20.5)
18.8% of polyps 10-19mm were incompletely resected. The
unadjusted OR for incomplete resection was 1.6 (95% confi- * Hotsnare 260(79.5)
dence interval [CI] 1.0-2.5) for every 5-mm increase in polyp EMR
size. Sessile serrated adenomas/polyps (SSA/Ps) were incom- No 89(27.2)
pletely resected in 24 of 65 polypectomies (36.9%), and adeno- i
mas were incompletely resected in 11 of 184 polypectomies * Yes 238(72.8)
(6.0%). The unadjusted OR was 9.2 (95 %Cl 4.2-20.3) for in- Polypectomy level of difficulty?
complete resection of SSA/Ps and 3.5 (95%Cl 1.3-8.9) for in-
. . . = Easy 176 (53.8)
complete resection of hyperplastic polyps compared with ade-
nomas. The OR of incomplete resection when polyps were re- * Moderate 108 (33.0)
moved with EMR was 1.8 (95%Cl 0.8-3.9) in univariate analysis. « Difficult 43(13.2)

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.

Positive margin biopsies were present in 14.0% and 14.2% of

| t . f db . d d . d SSA/P, sessile serrated adenoma/polyp; EMR, endoscopic mucosal resection.
polypectomies perrorme y experienced and unexperience T 1Right flexure was included in ascending colon; left flexure was included in
endoscopists, respectively (P=0.55). transverse colon.

5 . | ) )
In the total sample of 327 resected polyps >5mm, 54 P0|YPS Level OfdlfflCUPFy was defined by how tl{'ne—consyn'nng the pglypectomy
. i was: easy <2 minutes; moderate 2-5 minutes; difficult>5 minutes.

(16.5%) were incompletely resected. Polyps 220 mm were in-
completely resected in 10 polypectomies (38.5%).

Factors explaining incomplete resection

In the multivariate regression model, polyp histology and polyp
location in the proximal colon were independent risk factors.
The adjusted OR for incomplete removal of polyps 5-19 mm
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» Table2 Multivariate logistic regression analyses for factors associated with incomplete polypectomy.

n Incomplete resection, n (%) Multivariate analysis polyps Multivariate analysis all
[95%Cl] 5-19mm, OR (95 %Cl) polyps, OR (95 %Cl)

Total number of polyps 325 54 (16.0)
Size
= 5-9mm 219 29(13.2)[9.3-18.4] 1.0 (Reference) 1.0 (Reference)
« 10-19mm 80 15(18.8) [11.6-28.9] 0.8(0.3-1.9) 0.8(0.4-1.8)
« 220mm 26 10 (38.5) [21.8-58.4] 2.0(0.5-7.4)
Morphology
= Elevated 131 15(11.5)[7.0-18.2] 1.0 (Reference) 1.0 (Reference)
« Flat 162 33(20.4) [14.8-27.3] 0.7(0.3-1.7) 0.7 (0.3-1.6)
« Uncertain 32 6(18.8) [8.5-36.3] 0.6(0.2-2.2) 0.6 (0.2-2.0)
Location-segment’
= Distal colon 115 8(7.0)[3.5-13.4] 1.0 (Reference) 1.0 (Reference)
= Proximal colon 210 46 (21.9) [16.8-28.0] 2.8(1.0-7.7) 2.5(1.0-6.2)
Histology
= Adenomas 197 15(7.6) [4.6-12.3] 1.0 (Reference) 1.0 (Reference)
= Hyperplastic polyps 53 10(18.9)[10.4-31.8] 4.2(1.7-10.4) 3.6(1.5-8.5)
= SSA/P 75 29(38.7) [28.3-50.2] 10.9 (3.9-30.1) 8.5(3.4-21.5)
Resection
= Enbloc 245 32(13.1)[9.4-17.9) 1.0 (Reference) 1.0 (Reference)
« Piecemeal 80 22(27.5)[18.8-38.4] 0.8(0.3-1.9) 1.0 (0.4-2.3)
Method for polypectomy
= Cold snare 67 9(13.4)[7.1-24.0] 1.0 (Reference) 1.0 (Reference)
= Hotsnare 258 45(17.4)[13.3-22.6] 0.6(0.2-1.8) 0.6 (0.2-1.9)
Use of EMR
= No 89 9(10.1)[5.3-18.4] 1.0 (Reference 1.0 (Reference)
= Yes 236 45(19.1)[14.5-24.6] 0.9(0.3-2.9) 1.1(0.4-3.3)
Polypectomy level of difficulty?
= Easy 175 18(10.3)[6.6-15.8] 1.0 (Reference) 1.0 (Reference)
« Moderately difficult 107 22(20.6)[13.9-29.3] 1.4(0.5-3.8) 1.4(0.5-3.5)
« Difficult 43 14 (32.6) [20.2-48.0] 3.1(0.6-15.4) 2.9(0.7-11.3)
Endoscopists experience?
= Trainee 169 27(16.0) [11.2-22.3] 1.0 (Reference) 1.0 (Reference)
= Board-certified 156 27(17.3)[12.1-24.1] 1.0(0.5-2.1) 0.9(0.5-1.7)

OR, odds ratio; Cl, confidence interval; SSA/P, sessile serrated adenoma/polyp; EMR, endoscopic mucosal resection.

1 Both flexures were included in the proximal colon.

2 Level of difficulty was defined by the polypectomy procedure time: easy<2 minutes; moderate 2-5 minutes; difficult>5 minutes.
3 Endoscopist experience dichotomized to board-certified and trainee gastroenterologist.
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> Table 3 Results from multivariate logistic regression. Covariates in the multivariate model were: age and sex of patients; size, location, and histology

of polyps; type of resection; and level of difficulty of polypectomy.

Endoscopist No. of Incomplete resection,
removed n (%)
polyps

1 39 4(10.3)
2 64 9(14.1)
3 35 5(14.3)
4 19 3(15.8)
5 17 3(17.7)
6 20 4(20.0)
7 30 7(23.3)
8 11 3(27.3)
9 44 13(29.5)
10 12* 0(0.0)

OR, odds ratio; Cl, confidence interval.
* Endoscopist #10 had no incompletely resected polyps.

was 10.9 (95%Cl 3.9-30.1) for SSA/P and 4.2 (95%Cl 1.7-10.4)
for hyperplastic polyps compared with adenomas (» Table 2).
Polyps located in the proximal colon had over 2 times adjusted
OR compared with polyps located in the distal colon (OR 2.8,
95 %Cl 1.0-7.7). Size, morphology, en bloc vs. piecemeal resec-
tion, the use of EMR, endoscopist experience, and level of diffi-
culty were not significantly associated with incomplete resec-
tion in the multivariate model.

Difference between endoscopists

» Table 3 shows the incomplete resection rate for each endos-
copist who removed 10 polyps or more. Adjusting for case-mix,
the incomplete resection rate varied from 6.7% to 34.6%
(» Fig. 2). In the multivariate analysis, none of the endoscopists
performed statistically significantly worse than the best per-
forming endoscopist.

Complications

There was one serious complication during polypectomy
(0.3%). In this patient, the polypectomy resulted in colon per-
foration and the patient underwent surgery. The patient had a
30-mm SSA/P located in the cecum, which was removed by pie-
cemeal resection using hot snare polypectomy technique. A
further three patients had intraprocedural bleeding and five
had bleeding after biopsies from the resection margins. All
bleedings were successfully treated during the same colonos-
copy session.

The 12 polyps that were excluded from the analysis due to
heat damage in the biopsy specimens were included in a sensi-
tivity analysis in which they were defined as incompletely re-
sected, without any change to the results.

Multivariate analysis polyps
5-19mm, OR (95 %Cl)

1.0 (Reference)

1.78(0.26-12.10)
1.57(0.20-12.25)
3.62(0.40-32.92)
2.75(0.36-21.20)
7.60 (0.73-78.73)
2.85(0.48-17.08)
6.44 (0.82-50.76)

2.40(0.28 - 20.59)

Multivariate analysis all polyps,

OR (95 %Cl)

1.0 (Reference)
1.44(0.36-5.81)
1.55(0.31-7.81)
1.64 (0.30-8.95)
1.86(0.29-12.02)
2.23(0.41-12.03)
2.72(0.64-11.59)
3.28(0.62-17.30)

3.68(0.95-14.19)

40
35
30
25
20
15
10

Incomplete resection, %

Endoscopist

» Fig.2 Proportions of incomplete polypectomy. The columns
show the predicted incomplete polyp resection risk for each
endoscopist who removed at least 10 polyps during the study
period, adjusted for case mix (age and sex of patients; polyp size,
location, and histology; endoscopic mucosal resection; hot or cold
snare resection; en bloc or piecemeal resection; level of difficulty
of polypectomy [defined by polypectomy time: easy <2 minutes;
moderate 2-5 minutes; difficult gt; 5 minutes]).

Discussion

In our study, as many as 1in 6 polyps were incompletely resect-
ed. Independent factors for incomplete resection were serrated
histology and proximal location. There was a wide variation be-
tween individual endoscopists, and being a board-certified
endoscopist was not associated with better performance com-
pared with trainees. Notably, polyp size was correlated with in-
complete resection only in univariate analysis.
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The incomplete resection rate in our study is higher than
previously reported. In the CARE study, the incomplete resec-
tion rate was 10.1% [12] for polyps measuring between 5 and
20mm. In the present study, the incomplete resection rate of
polyps with similar size was 14.6%. Two previous studies re-
ported recurrence rates of 16% and 31.7% in polyps 220 mm,
whereas we found residual polyp tissue among 38.5 % of polyps
of a similar size [6,14]. Of note, the design of our study was
similar to the CARE study, whereas the recurrence was detected
at a second colonoscopy in the latter two studies [6,12, 14].

The results found in the present study, mirrored by the three
studies mentioned above, stand in contrast to those provided
by an Italian report [15]. Among 163 polyps removed by EMR,
the rate of incomplete resection of SSA/Ps=10mm was only
1.2% [15]. The reason for this discrepancy is unclear; however,
in the Italian study, all lesions were removed by cold snare EMR,
whereas almost all our SSA/Ps were removed by hot snare EMR.
Other investigators have shown no difference between hot and
cold snare polypectomy in polyps <1cm in size [16,17], but
more research is needed to confirm whether cold snare EMR
may be a better option for removal of larger SSA/Ps.

Or results clearly showed that the most important factor for
incomplete polypectomy was serrated histology, SSA/Ps being
incompletely removed in almost 40% of the polypectomies.
SSA/Ps are believed to be associated with up to 30%-35% of
CRCs [18], underlining the importance of complete removal
[19,20]. Improved polypectomy technique is clearly needed,
and the results from the Italian EMR study [15] indicate that
cold snare polypectomy may be a good choice for these polyps
and should be tested in randomized trials. Furthermore, mod-
ern technology such as computer-assisted technology, snare
tip soft coagulation, and chromoendoscopy [21-23] may also
be helpful in identifying and completely removing SSA/Ps, as
well as in determining their extent in the colon mucosa.

Following all polypectomies, inspection with both white-
light and narrow-band imaging was performed; however, 16%
of polyps were still incompletely resected. One reason for this
may be that the use of electrocautery makes the evaluation of
the resection margins difficult.

In accordance with previous reports [24,25], we found that
proximal polyp location was an independent factor for incom-
plete resection. This finding was independent of both size and
histology of the polyps, implying that polypectomy is more
technically challenging in the proximal colon. Proximal location
is also associated with more complications after polypectomy
[25]. A likely interpretation is that the endoscopists need to be
more alert and thorough when removing polyps in the proximal
colon. Importantly, previous studies have shown that post-co-
lonoscopy cancer is more frequent in the proximal colon [26,
27]. Post-colonoscopy cancers may be caused by either new le-
sions, overlooked lesions, or incompletely removed lesions [7,
28,29]. The latter two are procedural factors. In several stud-
ies, these modifiable factors have been shown to explain the
majority of post-colonoscopy cancers [8,29].

Neither polyp size nor level of procedural difficulty were in-
dependent risk factors for incomplete polypectomy in the mul-
tivariate model. This result was somewhat surprising and

should be interpreted with caution due to the limited sample
size. However, there may also be another explanation: endos-
copists may be more aware of the risk of incomplete resection
in large and difficult-to-remove polyps, and may therefore be
more vigilant during these procedures.

We also found that the differences between the endos-
copists were substantial, with a range in incomplete resection
rate from approximately 10 % to 30 % in the unadjusted analysis.
However, the two endoscopists with statistically significantly
poorer performance compared with the best performing
endoscopist in the multivariate analysis had very wide Cls, and
the study was not powered to analyze these differences. Ac-
cordingly, these results should be interpreted with caution.

We found that the risk of incomplete polyp resection was not
related to the experience of the endoscopist. Incomplete resec-
tion rates in our study were 17.3% and 16.0% among board-
certified gastroenterologists and trainees, respectively. One
may argue that this result is not surprising as the experienced
endoscopist may have supervised all polypectomies performed
by the trainee. However, after initial training, polypectomies in
the Norwegian setting are usually performed without direct su-
pervision; the endoscopist is only called if specific problems are
encountered. It cannot be ruled out that the trainees in our
study were extremely skilled, but our finding may also have im-
portant implications: increasing experience may not necessarily
transfer into improved clinical practice, and all endoscopists,
regardless of experience, should adhere to quality assurance
programs. Finally, our results may imply that not all experi-
enced endoscopists are good teachers for trainees in endos-
copy, and education of endoscopists is probably important re-
gardless of the level of experience. It should also be noted that
our findings might not be generalizable to other settings where
trainee gastroenterologists receive more hands-on supervision
of polypectomies than in our setting.

Few studies have been conducted in the field of education of
endoscopists in polypectomy skills. Van Doorn tested a lecture-
based polypectomy training program, where endoscopists re-
corded five polypectomies, attended three classes with educa-
tion in polypectomy by experienced endoscopists, and there-
after recorded five additional polypectomies, which were sub-
ject to evaluation by the Direct Observation Polypectomy Skills
(DOPyS) method [30]. DOPyS is a set of measures that an ex-
perienced endoscopist may use to assess the quality of poly-
pectomy (e.g. optimizing the polyp position, choosing the cor-
rect snare size, using appropriate polypectomy technique).
There was no statistically significant difference between the
polypectomy performance before and after the lectures. The
authors concluded that direct feedback and hands-on training
in the endoscopy suite by experienced endoscopists are the
best ways to improve polypectomy skills, but this was not test-
ed in their study. Another study by Duloy et al. showed that
using report cards, where endoscopists recorded their baseline
DOPyS score before watching polypectomy instruction videos,
significantly increased the DOPyS score from the baseline poly-
pectomy [31]. The increase was only statistically significant for
polypectomies of diminutive polyps. The DOPyS method might
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be a good way to improve polypectomy skills, but it has yet to
be fully validated [32].

Quality indicators for polypectomy are scarce. The European
Society of Gastrointestinal Endoscopy guidelines include only
one: using snare for polyps larger than 3mm [33]. Our study
calls for more rigorous quality assurance of polypectomy com-
petence. The risk of post-polypectomy cancers within a defined
time period would obviously be the gold standard but these
events are rare and cumbersome to measure. An alternative
would be to perform audits using DOPyS, or reqgularly obtain
margin biopsies after polypectomy of a defined number of pro-
cedures per endoscopist. Those with poor technique or high in-
complete resection rates could then undergo additional train-
ing. As shown in our study, case-mix influences incomplete re-
section rates and must be taken into account when perform-
ance of individual endoscopists is compared. Importantly, we
show that obtaining margin biopsies is a safe procedure. The
risk of bleeding was small (1.5%) and all bleedings were imme-
diately and successfully treated.

The strengths of this study are the inclusion of all types of
polyps of all sizes above 5mm, and multiple sites and endos-
copists. Furthermore, all polyps in this study were removed at
community hospitals, and by endoscopists with varying experi-
ence, increasing the external validity of our results. There are
also important limitations that should be highlighted. We ob-
tained margin biopsies to assess complete polyp removal, as
has been done in previous studies [12,16]. This methodology
has not been validated, but our results probably represent a
lower boundary for incomplete resection as the presence of ad-
ditional undetected residual polyp tissue would only increase
the proportion of nonresected polyps. Furthermore, the clinical
significance of residual polyps is not clear. Not all polyps will
progress to cancers, resected or not. Many polyps, both small
adenomas and large serrated polyps may not increase in size,
and some may even regress [34,35].

Importantly, selection bias cannot be ruled out. Our trial was
conducted in a busy real-life setting including many endos-
copists, and consecutive inclusion of patients was not possible
to achieve. Accordingly, there may have been selection of
polyps that were easier to remove or when a sufficient time
slot was available. Our results may therefore represent the low-
er level of incomplete resection. Nevertheless, the incomplete
resection rate was substantial and higher than previously re-
ported [12].

The resection margins were examined with both white-light
and narrow-band imaging after polypectomy, but 16% of
polyps were still incompletely resected. This may be due to dif-
ficulty in assessing the resection margins either because of a
lack of endoscopist skill in identifying residual polyp tissue or
because of the effects of electrocautery.

In conclusion, we show that in an unselected outpatient co-
lonoscopy cohort in Norway, incomplete polyp resection was
frequent, with serrated histology and proximal location identi-
fied as independent risk factors. The performance of board-cer-
tified gastroenterologists was not superior to that of trainee
gastroenterologists. Quality assurance and improved education

of endoscopists at all levels of experience are important meas-
ures to minimize the rate of incomplete polypectomy.
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