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Summary
Background: Due to the adenoma-carcinoma sequence, 
complete removal of colorectal polyps is essential. 
Method: This article analyzes the role of surgery in the 
removal of colorectal adenoma. Results: Nowadays, 
most adenomas are removed properly by endoscopic 
methods. Also in the resection of giant polyps and recur-
rent adenoma endoscopic data is convincing. Therefore, 
surgical resection of colorectal adenomas is required in 
the case of endoscopic inaccessibility. Reasons for this 
may be the location of the polyp, incomplete endoscopic 
resection, or suspected malignancy. Endoscopic or lim-
ited surgical resection of malignant adenomas is accept-
able only if ‘low-risk’ criteria are fulfilled. Otherwise on-
cologic radical resection is recommended. In general, 
radical resection is also necessary in the case of polyps 
that are not suitable for endoscopic removal, because 
here the rate of colorectal carcinoma is high. Conclusion: 
If a surgical approach is necessary, minimally invasive 
surgery in the hands of an experienced laparoscopic sur-
geon is a suitable option. Adenomas in the lower two 
thirds of the rectum are suitable for transanal full-thick-
ness resection. This is done by conventional resection or 
transanal endoscopic microsurgery. The histopathologi-
cal preparation of these specimens provides diagnostic 
and therapeutic benefits, particularly compared to piece-
meal resection of early carcinoma.
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Zusammenfassung
Hintergrund: Die Adenom-Karzinom-Sequenz erfordert 
die komplette Entfernung kolorektaler Adenome. Me-

thode: In der vorliegenden Arbeit wird die Rolle der Chir-
urgie bei der Entfernung kolorektaler Adenome analy-
siert. Ergebnisse: Die meisten Adenome lassen sich ein-
wandfrei endoskopisch entfernen. Die Daten der Endos-
kopie sind auch bei Vorliegen sehr großer Adenome und 
bei Adenomrezidiven überzeugend. Deshalb kommen 
chirurgische Eingriffe erst nach Scheitern endoskopi-
scher Maßnahmen zum Zuge. Gründe hierfür können die 
Polypenlokalisation, eine inkomplette endoskopische 
Abtragung oder der Malignomverdacht sein. Eine endos-
kopische oder chirurgisch limitierte Resektion ist beim 
Frühkarzinom onkologisch nur zulässig, wenn «Low-
Risk»-Kriterien erfüllt sind. Ansonsten erfolgt die onkolo-
gische Standardresektion. Diese ist in der Regel auch 
beim nicht abtragbaren Polypen zu empfehlen, da sich 
hinter derartigen Befunden häufig bereits Karzinome 
verbergen. Schlussfolgerung: Bei entsprechender Exper-
tise können Eingriffe laparoskopisch erfolgen. Adenome 
in den beiden unteren Rektumdritteln eignen sich für chi-
rurgische transanale Vollwandresektionen; diese können 
konventionell oder mittels transanaler endoskopischer 
Mikrochirurgie erfolgen. Die histopathologische Aufar-
beitung dieser Resektate bietet Vorteile in diagnostischer 
und therapeutischer Hinsicht, insbesondere gegenüber 
einer Piecemeal-Resektion beim Frühkarzinom.
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sign) (fig. 1), chromoendoscopic findings such as pit pattern 
type V according to Kudo, endomorphologic findings such as 
type 3 according to the NICE classification for narrow band 
imaging (NBI), or proven malignancy, oncologic surgical re-
section is the preferred option. In pedunculated lesions, endo-
scopic resection should be preferred regardless of morpho-
logic findings in the lesion head. Developments over the last 
years have brought about new endoscopic techniques as well 
as laparoscopic procedures that are advantageous for our pa-
tients. In order to choose the best procedure, one should use 
all relevant diagnostics to find the best individualized option 
without regard for one’s own specialization. Ideally, these de-
cisions are made on the basis of an interdisciplinary board or 
discussion in which the surgeon and the gastroenterologist act 
as partners. In this setting, the therapy of colorectal adenomas 
is understood as a prime example of an interdisciplinary ap-
proach in gastrointestinal medicine and surgery with special 
regards for efficacy and the safety of the patient.

Hochdörffer et al. [3] reported results and outcomes of 
EMR in ‘giant’ colorectal lesions. ‘Giant’ was defined as pol-
yps larger than 3 cm in diameter. In 165 patients, 167 polyps 
were evaluated. In 31 cases, complete resection was not pos-
sible, in another 15 cases the lesion was not suitable for endo-
scopic removal. For this reason, the rate of failure of endo-
scopic therapy in this cohort of selected patients was 27.6%. 
Although polyps appearing malignant macroscopically were 
excluded in this study, colorectal carcinoma was found in 
10%. In 121 polyps, complete resection was achieved (73.6% 
piecemeal resections). After a median follow-up of 72.2 
months, in 99 patients a local recurrence rate of 26.3% (n = 
26) was found. 19 of these patients were again treated endo-
scopically. 6 patients with local recurrence (23.1%) were op-
erated on, and in 4 cases an invasive carcinoma was found. 
Other groups reported series of EMR of large polyps (larger 
than 3 and 4 cm, respectively), with local recurrence rates of 
12, 17, and 4% [4–6]. Of these, 66, 89, and 99% could again be 
treated endoscopically. Overall, the success rate of endoscopic 
removal of recurrent adenomas seems to be significant.

According to a meta-analysis by Puli et al. [7], the rate of 
curative endoscopic resections in ‘high-volume hospitals’ is 
higher and piecemeal resections are less common. This shows 
a correlation between expertise and endoscopic results. Ac-
cordingly, recurrence rates and rates of surgical resection vary. 
Some authors do not report any need for surgical resection, 
and surgical resection rates in large polyps range from 0% [4] 
to 25% [3]; however, the definition of ‘large’ is inconsistent.

According to Japanese papers, ESD shows high rates of en 
bloc and R0 resections. Therefore, the rates of local recur-
rence are low (about 2%) [8–11]. European data on this topic 
is rare; however, Probst et al. [12] could demonstrate that at 
least in the distal colorectum ESD is a feasible option even in 
Europe. The authors showed that results depended on a 
learning curve, but ended up with high en bloc resection rates 
of 96.2% and R0 resection rates of 84.5%.

Introduction

Endoscopic resection of colorectal adenomas has been an 
established procedure for many years. Surgical resection is a 
standard therapeutic procedure in the treatment of colorectal 
cancer. Because of technical advances in endoscopy, surgery 
in itself has become less important in the therapy of colorectal 
adenomas. Endoscopy and surgery are complementary proce-
dures in the treatment of benign lesions. Colon adenomas that 
are not sufficiently removable with endoscopic techniques 
due to size, location, or suspected malignancy represent surgi-
cal indications. In rectal adenomas, transanal surgery is a 
competitive alternative to endoscopic procedures.

The need for therapeutic intervention in the case of colo-
rectal adenoma is based on the adenoma-carcinoma sequence: 
Intraepithelial neoplasia proceed from ‘low-grade’ to ‘high-
grade’ neoplasia to invasive colorectal cancer over a period of 
years. However, statistical analysis shows that in the end only 
few adenomas develop into cancer. The comparison of ade-
noma prevalence and carcinoma incidence indicates a yearly 
transformation rate of about 0.25%. Adenomas can also re-
main stable in size or even regress completely. Most adenomas 
never develop into malignant lesions. The potential for malig-
nant transformation correlates with size, grade of dysplasia, 
and growth pattern. In this regard, special attention must be 
paid to flat and depressed adenomas and serrated adenomas 
with a higher risk of malignant transformation [1]. As long as 
the individual progression is unknown, total removal of the 
neoplastic lesion is essential. A clear risk reduction for devel-
opment of colorectal carcinoma by consistent removal of pol-
yps was already shown in the National Polyp Study in 1993 [2].

The removal of adenomas ranges from endoscopic mucosal 
resection (EMR) to endoscopic submucosal dissection (ESD) 
to surgical resection. Surgical resection is performed either by 
laparotomy, laparoscopy, or transanal procedures. There are 
also reports of intersections between endoscopy and surgery 
in ‘rendezvous maneuvers’: laparoscopic resection under en-
doscopic guidance, or endoscopic resection under laparo-
scopic guidance. The advantage of ESD and surgical resection 
over EMR is the high rate of en bloc and R0 resections result-
ing in low recurrence rates even in large adenomas. As a re-
sult, the pathologist is enabled to evaluate the circumferential 
as well as the deep resection margins. On the other hand, en-
doscopic snare resection is the least invasive procedure. The 
intention of this article was to analyze the role of surgery 
among the competing methods in this field.

Indications

Aware of all treatment options, a calculation regarding 
chance of success, invasiveness of the therapeutic procedure, 
and possible complications has to be made. In the case of sus-
pected malignancy with deep submucosal invasion (non-lifting 
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In colonic adenomas, preoperative endoscopic ink labelling is 
helpful to make intraoperative detection easier.

Procedures

Laparoscopy/Laparotomy
Minimally invasive laparoscopic resections are oncologically 

comparable to open surgical resections in colorectal cancer, but 
laparoscopic treatment offers some advantages to the patient. 
The implementation of laparoscopy had a wide influence on 
the therapy of colorectal adenomas and colorectal cancer, yet 
minimally invasive surgery must not be misunderstood as a 
competitor of endoscopy. Surgical colonic resection still is a 
more invasive method and therefore regarded as a complemen-
tary therapeutic procedure. Usually it is complementary to en-
doscopy and therefore appropriate when endoscopic resection 
is impossible or incomplete, or when malignancy is suspected. 
Recent data show a high rate of colorectal carcinomas (17.7%) 
in polyps not suitable for endoscopic procedures, and therefore 
recommend in this situation radical oncologic resection as best 
treatment [13]. Jang et al. [14] demonstrated a similar rate of 
malignancy in this group (16.1%), but for a subpopulation of 98 
patients noted the presence of dysplasia upon preoperative bi-
opsy in 34.7% of cases. This result was based on any type of 
dysplasia, and no distinction was drawn between different 
grades of dysplasia. Therefore, the authors also recommend 
oncologic resection in dysplastic adenomas.

A German prospective multicenter observational study [15] 
analyzed the results of 525 patients with endoscopically unre-
sectable colorectal polyps. Mainly colorectal standard resec-
tions were performed (24% anterior resections, 32.2% sigmoid 
resections, 1.3% left-sided hemicolectomies, 16.8% right-sided 
hemicolectomies, 14.1% ileocecal resections); only in 61 pa-
tients limited resections as wedge, full-thickness, or segmental 
resection were done. All patients had laparoscopic resections. 
Conversion to laparotomy became necessary in 3.2%. Malig-
nancy was found in 18.1%. 14.8% of these colorectal cancers 
already exhibited lymph node metastases. A subgroup analysis 
of the postoperatively diagnosed colorectal carcinomas 
showed that only in 65.3% a radical oncologic resection took 

These results give endoscopy a leading role even in the 
therapy of extensive findings. Limitations of endoscopy are 
specific anatomical locations (fig. 2), particular polyp shapes, 
and suspicion of malignancy. Under these conditions, or if en-
doscopic resection is incomplete, surgical resection is re-
quired. In any case, complete colonoscopy is necessary to de-
tect synchronous lesions and to remove them before surgery is 
done. A biopsy should be taken to differentiate between be-
nign and malignant lesions. Given the high rate of malignancy 
of large lesions, colorectal carcinoma should be proven preop-
eratively in order to perform an adequate oncologic resection. 

Fig. 1. ‘Non-lifting 
sign’ indicating inva-
sion of deep layers of 
the colon wall and ul-
ceration suspicious for 
colorectal carcinoma. 
a ‘Non-lifting sign’: 
the whole polyp with-
out lifting (pT2 N0 
carcinoma); b benign 
aspect of the polyp 
depicted in c; c ‘non-
lifting sign’ during 
ESD: upper part of 
the adenoma shows 
lifting while lower 
part is fixed to the 
deep layers of the 
colon wall (pT3 N1 
carcinoma); d surgical 
specimen of a polyp 
with endoscopic 
 aspect of malignancy 
due to ulceration in 
the center (pT1 
(SM3), N1a (1/46), 
L0, V0, G2, R0).

Fig. 2. Adenoma 
protrusion from the 
ostium appendicis 
vermiformis.
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nal resections, and endoscopically assisted segmental resec-
tions. Without a subgroup analysis, they reported a conver-
sion rate of 5%, a perioperative mortality rate of 0.9%, a local 
recurrence rate of 0.9%, and a reoperation rate of 11%. The 
reason for reoperation in 9 out of 16 patients was the need for 
radical oncologic resection after colorectal cancer was found. 
Winter et al. [27] presented similar data with a conversion 
rate of 5%, a periprocedural complication rate of 5%, an 
anastomotic leakage rate of 3%, and a colorectal cancer rate 
of 13%. Rendezvous maneuvers require a high level of expe-
rience on both sides (surgeon and endoscopist). Another dis-
advantage is the expansion of the colon during colonoscopy, 
which can result in a worsening of the laparoscopic view.

Preoperative ink labelling (4 quadrants of the colonic di-
ameter) results in clear intraoperative visualization of the re-
gion of interest. We rarely operate with clip labels, since their 
detection during laparoscopy without the sense of touch may 
be complex and often requires X-ray for localization. This, in 
our opinion, interferes with an efficient operative procedure. 
Splitting of endoscopic localization and surgical resection by 
preoperative labelling can reduce the time and manpower 
needed in the operating theatre (fig. 3, 4). Based on our expe-
rience, we cannot confirm reports about complicated courses 
after ink labelling [22]. According to the current German 
guideline for colorectal carcinoma (S3-Leitlinie Kolorektales 
Karzinom), labelling with ink or clips is obligatory [28].

Transanal Procedures
Kneist et al. [29] reported on 552 patients with rectal ade-

noma or carcinoma over a time period of 27 years. The size of 
the reported lesions was <2 cm in 25% of cases. 513 patients 
underwent transanal endoscopic microsurgery (TEM), whereas 
in 39 patients local excisions were performed using a Parks re-
tractor. Specimen retrieval resulted in 331 full-thickness resec-
tions, 106 partial resections of the rectal wall, 66 mucosecto-
mies, and in 49 cases in a combination of these procedures. 
Local excision was performed when Mason clinical stage was I, 
transanal ultrasound was without evidence of infiltration of the 
muscularis propria, and histological examination was without 
evidence of undifferentiated carcinoma. Although there was no 
limitation to the size of the adenomas, the pathological results 
revealed 67% adenomas, 29.5% carcinomas, and 2.4% carci-

place. Postoperative complications were found in 20.8% (1.5% 
bleeding requiring surgery, 3.8% postoperative ileus, 2.1% 
anastomotic leakage followed by conservative treatment, 1.5% 
anastomotic leakage requiring surgery, 3.0% hematoma/ab-
scess). The perioperative mortality rate was 0.9%. Complica-
tions requiring surgical revision occurred in 4.8%. Rates of 
local recurrences were not investigated. Pokala et al. [16], Lo 
and Law [17], and Lai et al. [18] found similar results in smaller 
collectives of 51, 45, and 78 patients with rates of colorectal 
cancer of 20, 35.6, and 44.3%, respectively (partially including 
preoperatively diagnosed malignant adenomas). Hauenschild 
et al. [19] had a slightly higher conversion rate of 6.9%, but 
less postoperative complications (9.3%).

The frequency of particularly severe complications is ac-
ceptable. Most authors favor the laparoscopic procedure. Sev-
eral studies demonstrate the superiority of laparoscopy over 
laparotomy, especially in terms of the postoperative short-
term outcome [16, 20, 21]. In difficult locations, especially in 
the transverse colon, the laparoscopic skills of the surgeon are 
crucial so that an open resection may be recommended. In 
our clinic, we tend to prefer open resection with a limited 
transverse incision in the right abdomen if a highly suspicious 
tumor is located in the right colon. When indicated, the oper-
ation is performed as a hybrid intervention where laparo-
scopic mobilization of the right colon leads to a shorter inci-
sion (laparoscopically assisted) [22].

Rendezvous Maneuvers
Rendezvous maneuvers are regarded by some authors as 

another application for laparoscopy. In inaccessible polyps of 
the colon, laparoscopic mobilization of the colon might im-
prove exposure for the endoscopist. At the same time, lapa-
roscopy allows surveillance of the endoscopic resection. In the 
case of perforation of the colon, the repair is managed lapa-
roscopically at the same time [23–25]. The largest study about 
laparoscopically monitored colonoscopic polyectomy was per-
formed by Franklin et al. [23] with 110 patients. Here, the rate 
of cancer was also high (10%). Because of malignancy and 
persistent endoscopic unresectability, an overall 19% of pa-
tients were in need of surgical resection. Other combinations 
were reported by Wilhelm et al. [26], namely endoscopically 
assisted wedge resections, endoscopically assisted translumi-

Fig. 3. Endoscopic 
ink (and clip) label-
ling in each circum-
ferential quadrant (all 
endoscopic images 
with kind permission 
of Dr. A. Probst, 
Medical Clinic III, 
Klinikum Augsburg, 
Germany).

Fig. 4. Laparoscopic 
view of labelled 
colon.
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lower parts of the rectum achieve optimal results. As long as 
ESD is not a standard therapy in Europe, its role is not clearly 
defined. It could probably be a competing method in the 
upper third of the rectum (above 12 cm) and the distal colon. 
At the moment, the current German guideline for colorectal 
carcinoma (S3-Leitlinie Kolorektales Karzinom) [28] regards 
ESD as being in a state of scientific evaluation.

An unsolved problem for surgeons and endoscopists are 
giant adenomas in the supraanal parts of the rectum that 
spread circularly over 5–10 cm in longitudinal direction in the 
rectal wall. Their extent and texture interfere with any type of 
limited procedure, which in turn results in piecemeal resec-
tions or multiple resections. Here, an interdisciplinary discus-
sion considering the patient’s interests is essential [22].

Conclusion

Colonic adenomas that are unsuitable for endoscopic resec-
tion are clear indications for surgery. Due to the adenoma-car-
cinoma sequence, total removal of all polyps is necessary. 
Colorectal carcinoma is common, especially in polyps that are 
not suitable for endoscopic resection. Therefore, radical onco-
logic resection is reasonable at least in dysplastic polyps. When 
a limited resection is performed, an intraoperative frozen sec-
tion of the specimen should be examined to rule out colorectal 
cancer. Malignant adenomas that do not fulfill ‘low-risk’ crite-
ria (R0 resection of pT1 tumors, maximal submucosal invasion 
of 1,000 m, G1/2, L0, V0) require surgery. Due to the high 
risk of lymph node metastasis, radical oncologic resection is 
recommended. There is a high prevalence of malignancy in ad-
enomas in the lower two thirds of the rectum. These should be 
transanally resected. This is a safe and fast procedure generat-
ing a full-thickness en bloc specimen that allows valid histo-
logical evaluation. Especially the depth of invasion into the 
submucosal layers can be clearly determined, and with that the 
existence of ‘low-risk’ or ‘high-risk’ criteria.
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noid tumors. Despite preoperative biopsy, only 41% of the car-
cinomas were diagnosed before complete excision.

In view of the fact that more than 50% of EMR of large 
polyps result in piecemeal resections and that there is a high 
rate of cancer in rectal lesions, transanal surgery plays an im-
portant role in this field. Endoscopic piecemeal resections in 
early rectal carcinomas complicate the pathological examina-
tion and increase the rate of local recurrence. The complete-
ness of resection is difficult to determine with respect to cir-
cumferential and deep resection margins. Furthermore, the 
depth of submucosal invasion remains unclear in contrast to a 
surgical full-thickness specimen. Therefore, in a ‘low-risk’ sit-
uation, transanal R0 resection preserves the option of an on-
cologically adequate limited resection. Herein, transanal sur-
gery shows clear advantages compared to endoscopic piece-
meal resections. Especially in the supraanal region, where 
transanal full-thickness resections can include also mesorectal 
fat and lymph nodes, further advantages arise for the patient: 
In early cancer, deep rectal resection with coloanal anastomo-
sis and even abdominoperineal resection can be avoided [22]. 
In the case of a low-risk situation with invasion of the superfi-
cial layers (<1,000 m) of the submucosa, the risk of lymph 
node metastasis is about 6% [30, 31]. In this situation, a risk 
stratification has to be made; the risks of surgery must be 
compared to the risks of lymph node metastasis.

Finally, regarding the treatment of rectal neoplasms, it is of 
particular importance to consider the circumstances and inva-
siveness of competing methods. Advantages of the endoscopic 
techniques are that there is no need for general or spinal an-
esthesia and that there is good preservation of the anal 
sphincter which is not exposed to any dilatation damage. On 
the other hand, tumors that are close to the anal verge are ac-
cessible only through colonoscopic inversion so that endo-
scopic resection becomes more complicated and time-con-
suming. In contrast, polyps of the lower rectum are easily ac-
cessible for transanal resection under short anesthesia. A full-
thickness specimen can be extracted using magnifying glasses 
and a headlight on a day-case or outpatient basis, whilst ESD 
takes a mean procedural time of more than 120 min and a cor-
responding length of time to sedate the patient. The required 
effort in men and surveillance compare to the surgical proce-
dure. In our opinion, transanal resection of lesions in the 
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