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Abstract
Purpose Endoscopic resection is a widely used technique for
treatment of large colorectal adenomas, but few data are avail-
able including only lesions larger than ≥2 cm. The aim of this
study is to evaluate the complication and recurrence rate after
endoscopic resection of high-risk colorectal adenomas ≥3 cm
in size.
Methods Retrospective analysis of a prospectively maintained
database of patients undergoing polypectomy of large colo-
rectal polyps of ≥3 cm.
Results In 341 patients, 360 colorectal adenomas with a mean
size of 3.9 cm were resected endoscopically. In 25 patients, a
complication including 22 delayed bleedings (6.5 %) and
three perforations (0.9 %) occurred. Single-variate analysis
showed an increasing risk of complications for larger adeno-
mas (3.9 vs. 4.6 cm; p≤0.05). Two hundred twelve patients
with 224 adenomas had undergone at least one documented
follow-up endoscopy with a medium follow-up period of
16 months. In 95 resected lesions (42.4 %), a residual adeno-
ma occurred in the first follow-up colonoscopy (n = 88,
92.6 %) or a recurrent adenoma occurred after at least one
negative follow-up colonoscopy (n=7, 7.4 %). In multivariate
analysis, risk factors were lesion size, sessile growth pattern,

and the performing endoscopist. The complication and recur-
rence rate correlated inversely between endoscopists.
Conclusions The present study is the largest study showing
complication and recurrence rates after colorectal
polypectomy of advanced colorectal adenomas of ≥3 cm in
size. Polyp size was identified as the most important risk fac-
tor for complications. For the first time, this study shows that
the complication rate after colorectal polypectomy of large
adenomas is correlated inversely with the residual and/or re-
currence rate.

Keywords Endoscopic mucosal resection . Polypectomy .

Colorectal polyp . Colorectal adenoma . Complication .

Recurrence

Background

Colorectal cancer is a leading cause of cancer death in west-
ernized societies, and for a long time, screening programs
have been shown to reduce mortality from this disease [1].
Current strategies for reducing the toll from colorectal cancer
focus on early detection and removal of potential precancer-
ous lesions. Therefore, colonoscopy is currently regarded as
the gold standard for the detection of polyps and cancers lo-
cated in the colorectum and is the preferred method of screen-
ing for colorectal cancer in Europe and the USA. However,
evidence shows that polyps and other lesions can be missed
during colonoscopy due to several reasons. Nowadays, an
adenoma detection rate of at least 20 % is required to reduce
so-called post-colonoscopy cancers [2, 3]. Colonoscopy also
allows removal of adenomatous polyps, the precursor of inva-
sive carcinoma. In a recent study, it was shown that after a
median of 7.7 years of follow-up, the mortality rate for colo-
rectal cancer was lower among patients who had had low-risk
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adenomas removed but on the other hand moderately higher
among those who had had high-risk adenomas (adenomas
with high-grade dysplasia, a villous component, or a size
≥10 mm) removed, as compared to the general population
[4]. This illustrates the need for a complete and save endo-
scopic resection, especially for large high-risk colorectal
adenomas.

In general, the complication rate of endoscopic
polypectomy is rather low but increases with the size of the
polyp and in right-sided polyps [5–7]. Furthermore, recent
studies show that with the increasing size of colorectal adeno-
mas, there is a non-negligible, endoscopist-dependent number
of residual neoplasia after endoscopic resection particularly of
sessile adenomas [8].

Up to now, piecemeal endoscopic mucosal resection (EMR)
is the widely used resection technique of large sessile adenomas
(so-called lateral spreading adenomas) [7, 9] but shows a higher
rate of recurrent adenomas compared to en bloc resection tech-
niques such as colorectal endoscopic submucosal dissection
(ESD). Recent studies have shown that local recurrence after
EMR of non-pedunculated colorectal lesions occurs in 3 % of
en bloc resections and in 20 % up to 55 % of piecemeal resec-
tions [10–14]. However, in daily clinical practice, recurrence is
not a significant clinical problem following piecemeal EMR, as
with strict colonoscopic surveillance, it can be managed endo-
scopically with high success rates [9, 15].

Most of the described studies concerning the complication
and recurrence rate after the resection of large colorectal ade-
nomas are dealing with adenomas ≥2 cm in size, and so far,
only a few studies are available with even larger adenomas.
Therefore, the purpose of the present study is to evaluate the
complication and recurrence rate after endoscopic resection of
high-risk colorectal adenomas of ≥3 cm in size and to define
risk factors for complications as well as for residual and/or
recurrent neoplasia.

Material and methods

Between January 2006 and March 2014, 4557 colorectal
polypectomies in 3527 consecutive patients were performed
in the Asklepios Hospital Barmbek, a tertiary endoscopic re-
ferral center. According to the underlying digital endoscopic
database, 360 of these polyps in 341 patients were ≥3 cm in
size and therefore fulfilled the inclusion criteria of this study.
The following data were retrospectively recorded for each
patient in whom an endoscopic resection of a polyp of
≥3 cm in size was performed: age, gender, polyp data (loca-
tion, pedunculated or sessile, size of the polyp), polypectomy
technique (en bloc EMR, piecemeal EMR, ESD), and histo-
pathology data (type of polyp, grade of intraepithelial neopla-
sia, growth pattern, carcinoma, or other histology).

All participating endoscopists were experts who had previ-
ously performed more than 1000 polypectomies (W.C.; R.B.;
U.W.; S.F.) or were senior endoscopy fellows who performed
polypectomies under direct supervision of one of the experts.
Polypectomies were carried out either on an inpatient or an
outpatient basis, depending on the presumed risk factors in
individual cases. From all of the patients, written informed
consent was obtained. Before colonoscopy, split-dose bowel
preparation was used. Colonoscopy and the endoscopic resec-
tion of the large polyps were performed under conscious se-
dation using propofol. Only endoscopes with high-definition
television (HDTV) and narrow band imaging (NBI) function
(Olympus 180 and 190 series; Olympus; Tokyo) for a better
delineation of the neoplastic lesion were used.

The size of the polyps was estimated by the endoscopist
before resection as was the location in the colorectum. Many
patients were seen in referral after recently undergoing colo-
noscopy by another physician, with or without attempted
polypectomy.

Lesions which were highly suggestive of submucosal inva-
sion (e.g., lateral spreading adenoma non-granular type) were
not attempted for polypectomy, EMR and/or ESD respective-
ly, and consequently these lesions were biopsied. All other
lesions were removed by conventional snare polypectomy
(in case of pedunculated polyps) or EMR technique with nor-
mal saline used as the submucosal injection fluid in cases of
sessile adenomas (see Fig. 1). Resection was performed pre-
dominantly with a 20-mm-sized spiral snare. Complete snare
excision was the goal in each case. Only when complete snare
resection was not possible, ablative techniques were used to
treat residual adenoma, e.g., by argon plasma coagulation (at
20–40 W depending on lesion location). Radiofrequency and
APC systems by Martin were used (MB1; Martin GmbH,
Tuttlingen, Germany).

Excised tissue was completely retrieved for histological
analysis. Histopathological evaluation was performed by one
experienced pathologist (B.F.).

Immediate complications were recorded by the
endoscopist. To assess later complications, information was
taken from the patients’ charts and by retrospective telephone
contact to all of the involved general practitioners and
gastroenterologists.

Post-interventional bleeding was recorded as a complica-
tion when it required any form of intervention in the form of a
repeated endoscopy, with or without hemostasis, hospital
(re-)admission, blood transfusion, or surgery. The mode of
endoscopic treatment and the further course of the patient
were documented.

Intraprocedural bleeding during the primary endoscopic
resection of the polyp was not recorded as bleeding.

Perforation was defined by the observation of an unequiv-
ocal macroscopic appearance of this complication during the
endoscopic resection of the adenoma and by the post-
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interventional finding of free or retroperitoneal air and/or fluid
on plain abdominal radiography, computed tomography, or
abdominal ultrasound.

Patients with successful endoscopic resection of their large
colorectal adenoma and without invasive cancer underwent
endoscopic surveillance starting at 2–6 months after the initial
resection. The polypectomy/EMR scar was examined with
white light followed by NBI. In cases of doubt regarding the
presence of residual adenoma, first biopsies were taken for
histology, and then, the suspicious residual adenoma was
treated. In contrast to residual adenomas, recurrent adenomas
were defined as recurrent neoplasia after a documented first
adenoma-free control colonoscopy.

Treatment of either residual or recurrent adenomas was
performed in a non-standardized way by snare polypectomy,
EMR, argon-plasma coagulation, or by hot biopsy forceps
according to the size and location of the residual/recurrent
adenoma and the endoscopists’ experience.

Statistical analysis

Data collection and statistical analysis were performed by
means of descriptive statistics (mean and range) and analyzed
with Microsoft Office Excel 2010 and IBM SPSS Statistics 22.

The two-sample t test was used to compare differences in
means of continuous variables complemented by the
Pearson’s x2 test to compare distributions of categorical vari-
ables. Differences were considered to be significant if the two-
sided p value was ≤0.05. The binary logistic regression anal-
ysis was used to identify independent predictors of outcomes.

Results

Between January 2006 and March 2014, a total of 360 colo-
rectal endoscopic resections of colorectal high-risk adenomas
of ≥3 cm in 341 patients were performed at Asklepios Hospi-
tal Barmbek. The mean age of the patients was 68.2 years
(range 22–94 years) and includes 184 men (54.0 %) and 157
women (46.0 %).

Lesion characteristics and histology

The mean size of the resected polyps was 3.9 cm (range 3–
12 cm). Three hundred one of the resected polyps (83.6 %)
were sessile (e.g., lateral spreading adenomas) and 59 pedun-
culated (16.4 %). One hundred sixty-three polyps (45.3 %)
were located in the right colon, 108 polyps (30.0 %) in the
left colon, and 89 polyps (24.7 %) in the rectum. Three hun-
dred nineteen out of the 360 polyps (88.6 %) were resected in
piecemeal technique, whereas 35 polyps (9.7 %) could be
resected en bloc. Only six resections (1.7 %) were performed
as ESD. Three out of these six ESDs were completed in one
piece, whereas the other three resections were completed as
Bpiecemeal ESD.^

Two hundred ninety-eight (82.8 %) of the endoscopically
resected polyps of ≥3 cm were classified as Bclassical^ colo-
rectal adenomas, 16 polyps (4.4 %) as sessile serrated adeno-
mas (SSA), another 16 polyps (4.4 %) as mixed-type adeno-
mas or traditional sessile adenomas (TSA), whereas 30
(8.3 %) polyps showed signs of an invasive tumor growth
and were therefore classified as adenocarcinomas. Table 1
gives an overview of the patients and lesion characteristics.

Fig. 1 Example of a successful piecemeal EMR of an advanced
colorectal adenoma. a Granular lesion (40 mm) of the sigmoid colon. b
Elevation of the right-sided part of the lesion by submucosal injection. c

The first part of the lesion was snared. d Visible submucosal layer after
the first cut. e Continuing piecemeal EMR. f Successful EMR with en-
tirely resected lesion
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Complications of endoscopic resections of colorectal
adenomas ≥3 cm

In 316 out of 341 patients (91.8 %), an endoscopic resection of
a colorectal adenoma ≥3 cm in size was performed without any
adverse event. In 25 out of the 341 patients, a complication
(perforation, bleeding) occurred. The overall complication rate
therefore was 7.3 %. Delayed bleeding occurred in 22 patients
(6.5 %) whereas a colorectal perforation occurred in 3 patients
(0.9 %). In the 22 patients with a post-interventional hemor-
rhage, endoscopic re-intervention was necessary. For hemosta-
sis in nine patients (40.9 %), endoscopic clipping of the bleed-
ing site and in eight patients (36.4 %) injection therapy was
preferred. In five patients (22.7 %), no further endoscopic ther-
apy was indicated. In all of the patients, colorectal hemorrhage
stopped after the endoscopic procedure. Only one of the three
patients with colorectal perforation had to be operated, whereas
the perforation site in the two other patients could be closed
successfully by endoscopic clipping. Therefore, the need for
surgical intervention due to bleeding or perforation after an
endoscopic resection of a colorectal polyp of ≥3 cm in size is
0.3 % in total. The mortality was zero in the whole series.

In patients with complications, the mean size of the
resected adenomas (4.6 cm) was significantly higher

compared to those without complications (3.9 cm, p≤0.05).
Patients’ age, sessile or pedunculated tumor growth, localiza-
tion of the lesion, endoscopic resection technique, and histol-
ogy showed no significant differences between patients with
and without complications in univariate analysis.

Between the two main endoscopists (endoscopist no. 1 and
no. 2), a difference in the complication rate occurred. Whereas
after endoscopic resection of an advanced adenoma by
endoscopist no. 1, a complication occurred in only 4.4 %,
the complication rate of endoscopist no. 2 is 11.0 %. However,
this difference is not statistically significant (p=0.089). Table
2 gives an overview of the different parameters and their con-
secutive complication rates.

Follow-up data

Two hundred twelve of the 341 patients (62.2 %) with an
endoscopic resection of a high-risk colorectal adenoma
≥3 cm had at least one documented follow-up endoscopy dur-
ing the reviewed period of 8.5 years with a medium follow-up
period of 16 months (range 1–96 months). Initially, 224 ade-
nomas were removed in these patients, and the mean number
of follow-up endoscopies was 1.9 (±1.1).

Table 1 Patients and lesions’
characteristics Patients (n)/lesions (n) 341/360

Sex (female/male, n [%]) 157 (46.0)/184 (54.0)

Age in years (mean [range]) 68.2 (22–94)

Mean diameter of lesion in cm (mean [range]) 3.9 (3–12)

Pedunculated adenoma/sessile adenoma

Sessile (n [%]) 301 (83.6)

Pedunculated (n [%]) 59 (16.4)

Localization of adenoma

Right colon (n [%]) 163 (45.3)

Left colon (n [%]) 108 (30.0)

Rectum (n [%]) 89 (24.7)

Endoscopic resection technique

Piecemeal (EMR/ESD, n [%]) 322 (89.4)

En bloc (EMR/ESD, n [%]) 38 (10.6)

Histology

Adenoma (n [%]) 330 (91.7)

BClassical^ adenoma (n [%]) 298 (82.8)

Tubular growth pattern (n [% classical adenoma]) 102 (34.2)

Villous growth pattern (n [% classical adenoma]) 28 (9.4)

Tubulovillous growth pattern (n [% classical adenoma]) 168 (56.4)

Sessile serrated adenoma (SSA) (n [%]) 16 (4.4)

Mixed-type adenoma and others (n [%]) 16 (4.4)

LGIEN (n [% adenoma]) 265 (80.3)

HGIEN (n [% adenoma]) 65 (19.7)

Adenocarcinoma (n [%]) 30 (8.3)
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During the follow-up period, 129 of the resected 224
high-risk adenomas (57.6 %) showed no recurrence of neo-
plastic tissue. In contrast, in 95 cases (42.4 %), a residual
adenoma during the first follow-up examination (n= 88,
92.6 %) or a recurrent adenoma after at least one negative
follow-up colonoscopy (n= 7, 7.4 %) occurred. One patient
developed invasive cancer in a recurrent polyp. Two pa-
tients developed an interval carcinoma after 2 and
17 months, respectively. Both carcinomas were successful-
ly resected surgically.

Treatment of residual and recurrent neoplasia

In 49 patients, the residual or recurrent adenoma was treat-
ed endoscopically by one (n= 35, 36.8 %) or by two or
more (n= 14, 14.7 %) sessions. The mean number of re-
quired endoscopic sessions was 1.39 (±0.75). Only in ten
of the patients (10.5 %) with residual or recurrent adeno-
mas, surgical resection was necessary. In the other 36 pa-
tients, endoscopic re-examination is still pending (31.6 %)
or patients dropped out (6.3 %). Figure 2 gives an over-
view of residual and recurrent adenomas as well as their
treatment.

Risk factors for residual or recurrent neoplasia

In univariate analysis, residual and/or recurrent neoplasia is
associated with a bigger size of the resected adenoma, a sessile
growth pattern, and a location in the right-sided colon. In a
multivariate approach, only the size of the polyp and a sessile
growth pattern showed significant differences. The
endoscopist has a major and significant impact in both univar-
iate and multivariate analysis on the definite result of the en-
doscopic resection of large high-risk adenomas. Table 3 gives
an overview of the risk factors for residual or recurrent neo-
plasia after the endoscopic resection of large colorectal ade-
nomas ≥3 cm.

Correlation between endoscopist, complications,
and residual and/or recurrent adenomas

In comparison with the abovementioned complication rate
and the two main endoscopists, Table 4 shows that the
endoscopist with the lower complication rate had significantly
more residual or recurrent adenomas, and in contrast, the
endoscopist with lesser residual and/or recurrent neoplasia
had more complications. However, the endoscopist with the

Table 2 Parameters and risk factors for complications

No complication Complication Complication univariate
analysis
p

Patients (n [%])/lesions (n) 316 (92.7)/335 25 (7.3)
Major bleeding (n [%]) 22 (6.5)
Perforation (n [%]) 3 (0.9)

Sex (female/male, n) 145/171 12/13 n.s.a

Age in years (mean [±SD]) 68.0 (±11.3) 70.2 (±11.1) n.s.b

Diameter of lesion in cm (mean [±SD]) 3.9 (±1.1) 4.8 (±2.0) ≤0.05b

Pedunculated adenoma/sessile adenoma

Pedunculated (n [%]) 57 (17.0) 2 (8.0) ≤0.001a

Sessile (n [%]) 278 (83.0) 23 (92.0)

Localization of adenoma

Right colon (n [%]) 151 (45.1) 12 (48.0) n.s.a

Left colon (n [%]) 102 (30.4) 6 (24.0)

Rectum (n [%]) 82 (24.5) 7 (28.0)

Endoscopic resection technique

Piecemeal (EMR/ESD, n [%]) 298 (89.0) 24 (96.0) n.s.a

En bloc (EMR/ESD, n [%]) 37 (11.0) 1 (4.0)

Endoscopist

Endoscopist no. 1 (n [%]) 152 (45.4) 7 (28.0) n.s.a

Endoscopist no. 2 (n [%]) 140 (41.8) 14 (56.0)

All other endoscopists (n [%]) 43 (12.8) 4 (16.0)

Histology

Adenoma (n [%]) 308 (91.9) 308 (91.9) 22 (88.0) n.s.a

Adenocarcinoma (n [%]) 27 (8.1) 3 (12.0)

a Pearson-Chi-Quadrat
b t test
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higher rate of residual and/or recurrent adenomas requires
more endoscopic sessions (1.67 vs. 1.19, p≤0.001) to achieve
an equal rate of complete resections.

Discussion

Since many years, colonoscopy with polypectomy of all de-
tected polyps was established in order to achieve an adenoma-
free colon, and consequently, colonoscopy with polypectomy
was regarded as an effective method to reduce the incidence of
colorectal cancer [1]. However, worrisome data about so-
called interval or post-colonoscopy cancers [2, 3, 16] and data
about incomplete and recurrent adenomas after endoscopic
resection of especially advanced colorectal adenomas [4, 9]
demand attention especially for the endoscopic resection of
large colorectal adenomas and their complication and recur-
rence rate.

The present study, which includes 360 advanced colorectal
adenomas ≥3 cm in size in 341 patients, consists of 83.6 % of
sessile, so-called lateral spreading adenomas. Of the resected
adenomas, 89.4 % were resected in piecemeal EMR tech-
nique. Histologically, 8.3 % of the resected polyps were clas-
sified as adenocarcinoma which is within the range reported
elsewhere [6, 7].

The major bleeding rate in the present study (7.3 %) ap-
pears to be relatively high. However, all of the polyps in this

study were ≥3 cm. Regarding another study including a sub-
group of polyps with more than 3 cm, authors reported about a
bleeding rate of 25.8 % [5], and in another previous paper on
large polyps, bleeding rate was given as 23.7 % [17]. More
recent studies showed recurrent bleeding after polypectomy of
colorectal adenomas with more than 2 cm in size in only 2.9 %
respectively in 3.8 % [6, 18]. In accordance with existing
literature, also our study shows that the complication/
bleeding rate is correlated to the size of the resected lesion [5].

The perforation rate in our study (0.9 %) is rather low
compared to other studies with a documented perforation rate
of 1.1 % [5] and 1.6 % [6], respectively, after the resection of
even smaller polyps.

With 0.3 %, the need for surgical intervention due to bleed-
ing or perforation seems to be extremely low in our study. In
an elder study, the need for surgical therapy was given as
0.8 % after endoscopic polypectomy of colorectal polyps of
only 1.1 cm in average [5]. Also in a recent study, the need for
surgical re-intervention due to complications was given as
0.8 % for colorectal adenomas of 3.5 cm in size [6].

In total, the residual and/or recurrence rate in our study was
42.4 %. However, most of the detected adenomas were resid-
ual adenomas (92.6 %) detected at the first follow-up endos-
copy, whereas recurrent adenomas detected from the second
follow-up endoscopy on occurred in only 7.4 %.

In accordance with our study also in the literature, large
sessile colorectal adenomas (≥2 cm in size) resected piecemeal

Fig. 2 Diagram showing the detection of recurrences by number of
follow-up classified in residual and recurrent adenomas (first section),
the total recurrence rate (second section), and the treatment of recurrences
differentiated by surgical and number of endoscopic re-treatments
resulting in a mean number of endoscopic treatments to eradicate index

lesion (third section). The right column is showing the total successful
treatments verified by at least one negative follow-up after re-treatment
(fourth section). Patients with re-examination still pending after a medium
of one endoscopic re-treatment and dropouts are shown on top of the
column
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have an up to 55% rate of residual adenoma at the first follow-
up examination [14]. In other studies with lower residual
(16 %) and late recurrence rates (4 %), independent predictors
of recurrence after effective EMRwere lesion size greater than
4 cm [6, 9]. In a recent meta-analysis, the mean recurrence risk
after EMR was 15 % in general. Recurrence risk was signifi-
cantly higher after piecemeal resection than after en bloc re-
section for lesions >2 cm (20 vs. 3 %) and <2 cm (22 vs. 3 %)

[10]. In 15 of the included studies that differentiated between
early and late recurrences, 88 % occurred early [10] which is
also in line with our study.

Our recent data and the data from existing literature men-
tioned above show the particular necessity of an adequate first
follow-up examination after piecemeal resection of large ses-
sile colorectal adenomas in a 3–6-month period. In addition, a
recent study from Seo et al. suggest that patients who are

Table 4 Correlation between
endoscopist, complications, and
recurrences

Endoscopist
1

Endoscopist
2

Univariate
analysis

pPatients (n)/lesions (n)a 107/111 81/86

Diameter of lesion in cm (mean [±SD]) 3.76
(±1.35)

4.16
(±1.35)

≤0.05b

Rate of recurrence (%) 54.1 29.1 ≤0.001c

No. of endoscopic treatments to eradicate index lesions
(mean [±SD])

1.67 ± 0.80 1.19± 0.57 ≤0.001b

Rate of complete resection (%) 85.6d 86.0d n.s.c

Rate of complication (%) 4.7 8.6 n.s.c

a Referring to the 212 patients with 224 lesions with at least one documented follow-up endoscopy
b t test
c Pearson-Chi-Quadrat
d In 14.4/14.0 % of the cases, the follow-up examination is either pending or the patient dropped out

Table 3 Parameters and risk
factors for recurrences No recurrence Recurrence Univariate

analysis

p

Multivariate
analysisc

p

Patients (n)/lesions (n [%]) 123/129 (57.6) 89/95 (42.4)
Residual adenoma (n [%]) 88 (39.3)
Recurrent adenoma (n [%]) 7 (3.1)

Sex (female/male, n) 66/57 43/46 n.s.a –

Age in years (mean [±SD]) 68.3 (±10.0) 67.1 (±10.9) n.s.b –

Diameter of lesion in cm (mean [±SD]) 3.8 (±1.1) 4.2 (±1.3) ≤0.05b ≤0.05
Pedunculated adenoma/sessile adenoma

Pedunculated (n [%]) 25 (19.4) 1 (1.1) ≤0.001a ≤0.05
Sessile (n [%]) 104 (80.6) 94 (98.9)

Localization of adenoma

Right colon (n [%]) 55 (42.6) 57 (60) ≤0.05a –
Left colon (n [%]) 39 (30.2) 15 (15.8)

Rectum (n [%]) 35 (27.1) 23 (24.2)

Endoscopic resection technique

Piecemeal (EMR/ESD, n [%]) 119 (92.2) 91 (95.8) n.s.a –
En bloc (EMR/ESD, n [%]) 10 (7.8) 4 (4.2)

Endoscopist

Endoscopist no. 1 (n [%]) 51 (39.5) 60 (63.2) ≤0.001a ≤0.001
Endoscopist no. 2 (n [%]) 61 (47.3) 25 (26.3)

All other endoscopists (n [%]) 17 (13.2) 10 (10.5)

Histology

Adenoma (n [%]) 122 (94.6) 90 (94.7) n.s.a –
Adenocarcinoma (n [%]) 7 (5.4) 5 (5.3)

a Pearson-Chi-Quadrat
b t test
c Binary logistic regression
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found to have advanced colorectal adenomas with two or
more predictive factors (≥1 cm in diameter, and/or villous
component, and/or high-grade dysplasia) at index colonosco-
py are at higher risk for local recurrence, and follow-up colo-
noscopy should be performed even sooner [19].

To reduce local recurrence after piecemeal resection of
large colorectal adenomas, ESD seems to be a better treatment
option. In the last years, several comparative studies have
shown the benefit of the ESD technique [11, 12, 20]. In an-
other recent study, the size of the colorectal tumor, rate of en
bloc resection, and curative resection were higher, and the rate
of recurrence was lower in the ESD group versus the EMR
group. However, in the ESD group, the procedure was longer
and the rate of additional surgery and perforation was higher,
suggesting that the indications for colorectal ESD should
therefore be rigorously determined in order to avoid such
problems [13]. For lateral spreading adenoma with a granular
surface (granular-type LST), piecemeal EMR seems to be ac-
ceptable due to a low risk of submucosal cancerous invasion
[6, 9, 21, 22]. On the other hand, it is well accepted that for
lateral spreading adenomas non-granular type or mixed type,
particularly those with diameters >2 cm, en bloc removal is
preferable for sufficient histological evaluation [22].

Special attention should be drawn to the result that the
different preferences in terms of technique lead to significant
differences in the outcome of the performing endoscopists’
polypectomies. One endoscopist resecting greater adenomas
has a significantly lower recurrence rate (29.1 vs. 54.1 %) but
a doubled complication rate (9.3 vs. 4.5 %) compared to an-
other endoscopist who needs significantly more endoscopic
sessions (1.67 vs. 1.19) to achieve the equal rate of complete
resections. The fact that different endoscopists have different
rates of complete resection is well known in the literature [8],
but for the first time, this study highlights that the rate of
adenoma recurrence is inversely correlated with the compli-
cation rate. This can be explained by the hypothesis that with a
Bmore aggressive^ endoscopic technique during the first ses-
sion, the recurrence rate will be lower accompanied by an
increased number of complications. This higher complication
rate (mainly bleeding complications) needs more additional
colonoscopies in order to achieve post-interventional hemo-
stasis. On the other hand with a Bless aggressive^ technique
during the initial therapeutic colonoscopy, also additional co-
lonoscopies with difficult, scar-conditioned re-treatment of
remaining adenomas are necessary to achieve the same rate
of complete resections. Therefore, it remains unclear which is
the superior strategy.

The main limitations of our study are the retrospective de-
sign of the study performed in one single endoscopy center
only and the lack of routine biopsies to exclude residual and/or
recurrent neoplasia histologically. Another limitation is that
we do not have complete follow-up data of all of the resected
cases, yet. We will continue to follow up on our patients in

order to achieve complete follow-up. Another limitation is the
potential for bias inherent in all cohort studies; however, this is
limited by the absence of exclusion criteria in this and other
comparable studies [9].

In summary, with 341 patients, the present study is—to our
knowledge—the largest study showing complication as well
as recurrence rates after colorectal polypectomy of advanced
colorectal adenomas of ≥3 cm in size. As in previous studies,
polyp size was identified as the most important risk factor for
complications. The recurrence rate after piecemeal resection
of particularly large lateral spreading adenomas is high. How-
ever, these residual and/or recurrent adenomas can be man-
aged endoscopically with high success rates. For the first time,
this study shows that the complication rate after colorectal
polypectomy of large adenomas is correlated inversely with
the residual and/or recurrence rate. As shown for other indi-
cations, especially in abdominal surgery, the impact of the
examiners’ experience on the quality of outcome in colorectal
polypectomy becomes also evident in the present study. In
contrast to the study from Masci et al. [23], we therefore rec-
ommend that endoscopic resection of large colorectal adeno-
mas should only be performed in high-volume centers.
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