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Abstract

Background Endoscopic full-thickness resection (EFTR) significantly expands the spectrum of endoscopic colorectal resec-
tion methods for lesions that show no lifting sign, submucosal lesions and mucosal carcinomas. The aim of our study was to
evaluate the efficacy and safety of EFTR using a commercially available full thickness resection device (FTRD) by assess-
ing the completeness of the full-thickness resection, the technical success, as well as complications in a cohort of patients
from three referral centers in Germany. Another aim was to determine which patient subpopulations benefit most in clinical
practice.

Methods This retrospective multicenter study was conducted on consecutive patients who were admitted to three referral
centers in Germany between November 2014 and December 2017. The EFTR was conducted according to the standard
indications using the FTRD System (OVESCO, Tiibingen, Germany). Data were obtained from prospectively maintained
institutional databases.

Results There were 70 patients, 42 males and 25 females with a mean age of 79.5 years (range 25-89 years) who had colo-
noscopy for EFTR. In three patients EFTR was not feasible because the lesions were too large. Of the remaining 67 patients,
52 had recurrent adenomas, 10 had high-grade intraepithelial neoplasia or mucosal carcinoma and five had a subepithelial
lesion. Resection was technically successful in 65 patients (97.0%). Histologically complete resection (R0) was achieved
in 59/65 patients (90.8%). The RO resection rate was lower for lesions >20 mm (86.5%) versus lesions <20 mm (92.9%).
The total complication rate was 14.9%: there was one major complication (perforation of sigmoid colon), while all other
complications were minor.

Conclusions EFTR yields excellent resection rates for benign recurrent adenomas with non-lifting sign, advanced histopatho-
logical findings or submucosal lesions when the procedure is performed in experienced hands and for the correct indication.
Thus, surgery can be avoided in many cases. For all lesions the risk of R1 resection goes up with the size of the lesion and
careful patient selection is mandatory.
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dysplasia and early mucosal cancer [1-4]. However, subse-
quent histopathological examination of the resected tissue
may show signs of incomplete resection with the necessity
for additional treatment. These cases, as well as recurrent
adenomas, lesions showing no lifting sign (failure of a lesion
to elevate above the surrounding mucosa after submucosal
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injection), and mucosal T1-carcinomas are a major chal-
lenge for endoscopists. Conventional resection techniques
may not be applicable here. To overcome these limitations,
endoscopic full-thickness resection (EFTR) approaches have
been developed. The commercially available full-thickness
resection device (FTRD®, Ovesco Endoscopy, Tiibingen,
Germany) was first described in 2011 by Schurr et al. [5], it
is European Conformity (CE)-marked for colorectal EFTR
since September 2014 and several reports confirmed the
feasibility and safety of this technique [6, 7] when used for
therapeutic purposes. Another advantage of EFTR is the
possibility of obtaining a better histological evaluation with
a concomitant closure of the colon wall defect, avoiding
abdominal contamination. EFTR also proved to be effec-
tive for endoscopic treatment of small submucosal tumors,
for RO-resection of small neuroendocrine tumors (NET) of
the rectum and for diagnostic purposes (e.g., for diagnosing
Hirschsprung’s disease or chronic al pseudo-obstruction) [8,
9]. One major limitation of this technique is the size of the
lesion that can be resected, which corresponds to the amount
of tissue that can be grasped in the cap [10, 11]. It may also
be difficult to advance the endoscope through the colon with
the FTRD-system mounted and thus limiting flexibility and
visibility which results in a higher risk of perforation. The
aim of our study was to evaluate the efficacy and safety of
EFTR with FTRD by assessing the completeness of the full-
thickness resection, the technical success, as well as compli-
cations in a cohort of patients from three referral centers in
and determine which patient group benefits the most from
this endoscopic intervention.

Materials and methods

A retrospective multicenter study was conducted patients
who were admitted to three reference referral centers in Ger-
many between November 2014 and December 2017. The
EFTR was conducted according to the standard indications
using the FTRD System (OVESCO, Tiibingen, Germany).
Data were obtained from prospectively maintained institu-
tional databases.

Inclusion criteria were as follows: patients with colorectal
lesions which were difficult or not possible to resect with
conventional endoscopic methods like polypectomy, EMR
or ESD; patients with an adenoma involving the appendiceal
orifice and patients with submucosal lesions. All patients
had undergone complete colonoscopy before inclusion.
Patients < 18 years of age, pregnant women, patients with-
out a signed informed consent form, or with coagulopathy
were excluded from the study. The following parameters
were recorded: indication for EFTR, anatomical site of the
lesion, technical success (defined as appropriate grasping of
the lesion, deployment of the OTSC and en bloc resection),
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clinical success (histologically proven clear-resection mar-
gins =RO0 resection) and complications. All patients gave
their written informed consent for endoscopy, as well as for
the publication of their medical data. The study was con-
ducted in accordance with the Declaration of Helsinki and
was approved by the local ethics committee. All endoscopies
were performed in an inpatient setting under moderate-to-
deep sedation with propofol (+midazolam or + pethidine).
Intravenous butylscopolamine was given at discretion of the
operator to reduce bowel peristalsis. All endoscopic pro-
cedures were done with CO, insufflation. Blood pressure,
heart rate and oxygen saturation were constantly monitored
during the procedure. All patients received prophylactic
antibiotic therapy peri-interventionally (broadspectrum
coverage for Gram-negative and Gram-positive bacteria).
Patients on acetylsalicylic acid were advised to continue the
medication; all other anticoagulants (clopidogrel, heparin,
warfarin or direct oral anticoagulants) were discontinued.
The EFTR was performed with the full-thickness resection
device (FTRD, Ovesco Endoscopy, Tiibingen, Germany)
following a standardized method (Fig. 1). The FTRD con-
sists of an over-the-scope-clip (OTSC) system cap with a
14-mm distally integrated monofilament polypectomy snare.
The cap has an inner diameter of 13 mm and a length of
23 mm (measured from the tip of the endoscope). The snare
handle runs along the outer surface of the colonoscope,
under a plastic sheath that is fixed to the instrument. First
resection area limits were marked using coagulation with
a delivered probe included in the resection device. Then a
forceps (FTRD grasper) is used via the operating channel to
grasp and pull the lesion inside the cap. Immediately after-
wards, the OTSC is released and the lesion is resected en
bloc above the clip using the pre-mounted electrosurgical
snare included in the device. After the procedure, patients
were monitored for at least one night. Post-polypectomy syn-
drome was defined as the development of abdominal pain,
fever and leukocytosis due to the peritoneal inflammation in
the absence of perforation after resection.

Results

From November 2014 to December 2017, 70 patients, 42
males and 25 females, with a mean age of 79.5 years (range
25-89 years) had EFTR. Three patients had to be excluded
because the lesions were too large (>4 cm), thus the total
study group consisted of 67 patients, Patient and lesion char-
acteristics are shown in Table 1.

The mean size of the resection specimen was 19X23 mm
(range 5-26 mm for the minor axis and 9-37 mm for the
major axis). Lesions were located in the rectum (n=19), the
sigma (n=14), the descending colon (n=6), the transverse
colon (n=4), within the right flexure (n = 3), the ascending
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Fig. 1 Schematic description of the full-thickness resection device
(FTRD) technique (www.ovesco.com). a Components of the FTRD:
The clip is mounted on the tip of the endoscope. The snare is inte-
grated in the tip of the cap. A grasping forceps is advanced through
the working channel of the endoscope. b The target lesion is grasped

Table 1 Patient and lesion characteristics

Sex, n (%)
Male 42 (62.7)
Female 25(37.3)
Age in years, median (range) 79.5 (25-89)
Indication for EFTR, n (%)
Difficult adenoma 52 (77.6)
Non-lifting (LG-IEN) 31 (46.3)
Non-lifting (HG-IEN) 19 (28.4)
Involving the appendiceal orifice 2(2.9)
Carcinoma 10 (14.9)
Subepithelial lesions 5(7.5)
Location of lesion, n (%)
Rectum 19 (28.4)
Sigma 14 (20.9)
Descending colon 6(8.9)
Transverse colon 4 (6.0)
Right flexure 34.5)
Ascending colon 15 (22.4)
Cecum 6(8.9)

Procedure time, minutes, median (range) 95.5 (48-143)

Size, mm, mean (range) 19x23 (5-37%)

Adverse events, n (%) 10 (12.9)
Minor bleeding 3(4.5)
Major bleeding -
Perforation 1(1.4)
Post-polypectomy syndrome 6(8.9)

EFTR endoscopic full-thickness resection

#5-26 mm for the minor axis and 9-37 mm for the major axis

colon (n=15) and the cecum (n=6). Resection was techni-
cally successful (macroscopically complete and en bloc) in

with the forceps. ¢ The target lesion is pulled into the cap. d The
over-the-scope-clip (OTSC) is deployed and creates a full-thickness
duplication of the colonic wall. e The pseudopolyp above the clip is
resected using the preloaded snare

65/67 patients (97.0%). No significant differences in resec-
tion success were observed between the participating cent-
ers. In one case there was a snare dysfunction which led
to termination of the intervention (1.4% technical failure).
The resection was then completed with a conventional snare.
In one other case difficulties of incorporation of the lesion
into the cap was reported, which led to termination of the
procedure. The median procedure time was 95.5 min (range
48-143 min).

In the total cohort, histologically complete resection (RO)
was achieved in 59/65 patients with complete histological
assessment (90.8%). The RO resection rate dropped with
increasing lesion size of the neoplastic lesion. RO resec-
tion rate was lower for lesions > 20 mm (86.5%) versus
lesions <20 mm (92.9%, n.s.).

In the subgroup of patients with non-lifting neoplasms
(n=52, see Fig. 2) 6 patients (11.5%) whose lesions had
initially been classified as benign had unsuspected cancer on
histology. In two cases in this group (3.8%), histology was
not obtained due to unsuccessful snare resection.

Final histology of the remaining 44 cases was: adenoma
with low-grade dysplasia (n=28, 63.6%), adenoma with
high-grade dysplasia (n=4, 9.0%), hyperplastic or scar tis-
sue (n=11, 25%) and one inverted diverticulum (2.2%).
The RO resection rate in this group was 100%. Three-month
follow-up data could be obtained from 34 patients in this
group showing two cases of recurrent lesions (5.8%) which
were then referred to surgery.

Final histology in the subgroup of patients with malig-
nancy (n =16, see Fig. 2) was: mucosal carcinoma (n=15,
93.7%) and 1 metastasis of a malignant melanoma (6.2%)
(Fig. 3). RO resection could be verified in 10 cases (10/16;
62.5%), in 6 cases (37.5%) there was R1 or deeper submu-
cosal invasion (sm2/sm3). These cases were referred to
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70 patients scheduled for EFTR

3 patients excluded

A\ 4

=>|esions too large (>4 cm in

Fig.2 Flowchart of patients with colorectal neoplasia scheduled
for EFTR according to histological results and short-time outcome.
EFTRendoscopic full-thickness resection; NM Neumarkt, ERErlan-

surgery. In the group of patients with RO resection (n=10)
3-month follow-up data could be obtained from eight
patients showing no residual tumor, while unfortunately the
remaining two patients were lost to no follow-up.

In patients with subepithelial tumors (n=35), final
histological examination showed neuroendocrine tumor
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(all well differentiated G1) in all cases. RO resection was
achieved in all patients in this group (100%) and 3-month
follow-up data showed no residual tumor in all cases.
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Fig.3 Central depressed polyp in the sigmoid colon (a). Histology
shows colonic mucosa with infiltrates of a malignant melanoma. The
tumor shows a solid growth pattern, an epithelioid morphology and
some brownish pigmentation (b). The brownish pigmentation is par-
tially also present in the macrophages (C)

Complications

In one case (1.4%) a perforation of the sigmoid colon
occurred during the FTRD colonoscopy which resulted
in referring the patient to surgery.

In three other cases (4.4%) minor bleeding (with drop
in hemoglobin levels < 2 g/I) occurred at the resection site
as delayed bleeding (1-3 days after the procedure). Sus-
tained hemostasis was achieved endoscopically after the
injection of saline-diluted epinephrine and the application
of hemoclips in all three cases.

Six patients (8.9%) developed a post-polypectomy syn-
drome with abdominal pain, fever and signs of inflamma-
tion on blood chemistry tests. Intestinal perforation was
ruled out radiologically in all these patients. All patients
with post-polypectomy syndrome were managed con-
servatively with intravenous hydration, antibiotics, and
analgesics.

Thus, the overall complication rate was 14.9%, consist-
ing mostly of minor complications. There were no com-
plications associated with sedation. The adverse events
were evenly distributed among the participating centers.

Discussion

The study demonstrated a total technical success rate of
97.0% which is in accordance with other studies which
report technical success rates ranging from 75 to 100%
[7, 11-14]. In our unselected real-world population from
daily clinical practice, a histologically complete resection
(RO) was achieved in 90.8% of all our patients (n=67).
Thus, we conclude that EFTR reaches similarly high or
even better RO resection rates when performed by expe-
rienced endoscopists as recently described in the WALL
RESECT study by Schmidt et al. with a overall RO rate
of 76.9% [18]. In a study by Aepli et al. on a somewhat
smaller patient population (33 patients) a RO resection rate
of 80.6% was obtained [19]. However, the success rate
for RO resection depends on several factors, not only on
endoscopists’ colonoscopic experience, but also on the site
of the neoplastic lesion within the colon, its size and its
microscopic invasiveness, and visibility of the lesion when
the FTRD cap is fitted on the endoscope.

In our study, the mean size of the resected samples was
19X 23 mm, in line with data from the literature [7, 12].
According to the literature EFTR is suitable for non-lifting
lesions ranging from 5 to 25 mm, but polyps up to 40 mm
diameter and even larger have been successfully removed
[7, 12]. Notably, the RO resection rate was lower for
lesions > 20 mm (86.5%) than for lesions <20 mm (92.9%).
This again underlines the need for patient selection as big-
ger lesions are associated with a higher risk for R1 resec-
tion prompting further interventions, or an initial surgical
approach [17]. With this awareness a new strategy for dif-
ficult colonic resections may be the combination of conven-
tional snare-EMR for elevated (polypoid) areas and subse-
quent EFTR for the remaining (flat) center of the lesions.

The most frequent indications for EFTR in our study
were adenomas with a primary non-lifting sign and recur-
rent adenoma displaying a non-lifting sign after prior pol-
ypectomy. While complete histologic resection with RO was
achieved in 90.8% of our cohort, EFTR was found to yield
a higher RO resection rate in the group of recurrent or non-
lifting adenoma, reaching 100% when adenoma size was
smaller than 4 cm for cap insertion. Thus, EFTR is most
helpful in the latter subgroup to avoid surgery: in our pre-
liminary follow-up only 5.8% of the patients developed a
recurrence. Furthermore, these cases with recurrence could
probably benefit from a second EFTR attempt. If EFTR had
not been available in the study period, these patients would
have undergone surgery or a somewhat higher risk attempt
to resect the lesion by ESD. This is an important issue, as the
risk of perforation with conventional techniques like EMR
and ESD in such cases of unsuccessful submucosal fluid
injection or adenoma recurrence may reach 15% [15, 16].
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The FTRD system itself is designed in a way that it allows
complete and reliable closure of the colonic wall by applying
an OTSC immediately before snare resection of the enclosed
specimen. Thus, the risk of colonic perforation is reduced
in experienced hands. In our series the only 1 case of per-
foration (1.4%) occurred (the patient was managed surgi-
cally). With regard to cost-effectiveness, in the treatment
of patients with non-lifting benign neoplasms of the colon
EFTR appears to have clear advantages over EMR and ESR
concerning complication rates and recurrence rates [1-3, 17]
However, the 1- and 5-year recurrence rates after EFTR from
all current studies should be published to allow a strict data
comparison for the available colonic resection techniques.

Endoscopic resection with EMR or ESD within the cecum
and the cecal appendix is considered to be associated with a
high risk of perforation [7, 12, 14, 16, 17]; therefore, these
lesions have mainly been managed primarily by surgery.
EFTR offers an additional approach for therapeutic resec-
tion with reduced morbidity and mortality in such cases. In
our study we were able to include two patients with difficult
adenomas in the appendiceal orifice. Both were safely and
efficiently RO resected with partially endoscopic appendec-
tomy and without complications. However, appendiceal
lesions are not an established indication for EFTR unless
the detailed location of the lesion, its growth pattern and
size have been demonstrated and discussed with the surgeon,
because major complications may arise from endoscopic
resection in this peculiar region [17].No post-interventional
appendicitis or peritonitis occurred in our cohort. Schmidt
et al. reported a rate of 8.8% post-interventional appendicitis
in their subgroup of 34 patients with adenomas at the appen-
diceal orifice (total cohort: n=181) requiring laparoscopic
appendectomy [18]. Aepli et al. on the other hand reported
an uneventful post-interventional course in two cases where
they performed EFTR at the appendiceal orifice [19].

Our median procedure time was 95.5 min, which is some-
what longer than in comparable studies [14—17]. This may
primarily be due to the time-consuming advancement of the
FTRD-fitted endoscope to target lesions in more proximal
anatomical sites and not to the procedure itself, but may
also be due to more efforts to clean the resection site to ade-
quately visualize the neoplastic lesion, or to the time needed
to precisely insert the tissue into the FTRD cap. Thus, these
technical steps can influence on the RO resection rate and
EFTR should be performed by experienced investigators
without time constraints. A quite common side effect of
EFTR is the post-polypectomy syndrome, due to a peritoneal
reaction after resection, which we observed in 6 patients in
our cohort (6/67; 8.9%), which is in line with other published
data [7, 12, 14]. Nevertheless, one must be cognizant that
EFTR is an invasive method: the endoscopist needs to be
highly experienced, capable of treating any adverse events
and surgeons should be pre-emptively involved to optimize
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outcome [16, 17]. Otherwise, EFTR runs into a risk that
more adverse events will occur if sufficiently large numbers
of procedures are performed.

Limitations of our study include its retrospective design,
the small number of patients and the short-term follow-up.
Also, we did not assess the overall cost of EFTR procedures.
Despite these limitations, based on our data, we conclude
that EFTR is a good alternative to ESD or EMR in the resec-
tion of recurrent adenomas or no-lifting lesions as well as
small submucosal tumors. EFTR is a simpler and less time-
consuming procedure than the alternative treatments, such
as open or laparoscopic surgery or ESD. The procedure is
safe and can be performed under moderate to deep conscious
sedation without the need of tracheal intubation. The major
limitations of EFTR are the maximum size of the resect-
able lesions and the possibly limited endoscopic view which
aggravates the advancement of the scope through the sig-
moid or colonic flexures.
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