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Abstract
Aim: The aim of this study was to investigate, by comparing clinical and histological out-
comes, whether laparoscopic (hybrid) wedge resection (LWR) could be a less invasive and 
safe alternative to laparoscopic oncological colon resection (OCR) for patients with an 
endoscopically unresectable, suspected benign, colon polyp.
Method: All patients with an endoscopically unresectable colon polyp who were referred 
for surgery between 2009 and 2018 and without biopsy- proven colon cancer were iden-
tified from a prospectively maintained database. Patients with macroscopic features of 
malignancy during endoscopy were excluded. Clinical and histological results for patients 
who underwent OCR or LWR were reviewed.
Results: One hundred- and- twenty- two patients were included. Ninety- seven patients 
underwent OCR and 25 LWR. Major complications occurred in 16.7% (n = 16) of the OCR 
group compared with 4.0% (n = 1) of the LWR group (p = 0.06). In the OCR group the 
anastomotic leakage rate was 6.3% (n = 6) and the mortality rate 3.1% (n = 3). No anasto-
motic leakage or deaths occurred in the LWR group. The median length of hospital stay 
after OCR was 5 days [interquartile range (IQR) 5– 9 days)] compared with 2 days (IQR 
2– 4 days) after LWR (p < 0.0001). Definite pathology showed a malignancy rate of 4.2% 
(n = 4) in the OCR group and 4.0% (n = 1) (without high- risk features) in the LWR group.
Conclusion: This study shows that LWR was associated with significantly lower complica-
tion rates and acceptable oncological risks compared with OCR. Therefore we suggest 
that LWR is a safe alternative treatment, next to other endoscopic options. The treatment 
that is most suitable for an individual patient should be discussed in a multidisciplinary 
meeting.
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INTRODUC TION

In 2014, a national bowel cancer screening programme was intro-
duced in the Netherlands with the aim of improving early detection 
of colon cancer and the overall survival of bowel cancer patients. 
After the start of this programme a major increase in patients with 
benign colon polyps being referred for an oncological colon resection 
(OCR) was demonstrated [1]. A decrease was seen in the postopera-
tive malignancy rate of this group, from 14.1% prior the introduction 
of the screening programme to 6.6% after the introduction in 2014. 
The overall malignancy rate is low amongst suspected benign colon 
polyps if Kudo's pit pattern classification is used for differentiation 
of colorectal polyps [2]. Over the past years several advanced en-
doscopic techniques have been developed for the resection of large 
colon polyps, including (piecemeal) endoscopic mucosal resection 
[(p)EMR], endoscopic submucosal dissection (ESD) and endoscopic 
full- thickness resection (eFTR) [3– 6]. Despite these advanced tech-
niques there will still be patients who are referred for surgery. Up to 
now, most resections for these patients have been performed ac-
cording to oncological principles without preoperative histological 
diagnosis of a malignancy. Despite advances in surgical techniques 
and improved specialization, OCRs are still associated with a compli-
cation rate of between 19% and 35%, including an anastomotic leak-
age rate of 2%– 7% and a mortality rate between 2% and 4% [7,8].

An alternative to OCR is a hybrid laparoscopic wedge resection 
(LWR), in which a combined endoscopic and laparoscopic approach 
is used to remove only a small full- thickness wedge (by which a trans-
mural specimen is obtained) of the colon at the site of the polyp. No 
lymph nodes or mesocolon are resected, so in case of an unexpected 
malignancy an additional oncological resection with lymph node re-
section might be needed.

The aim of this study was to investigate whether LWR is a safe 
alternative to the current OCR for endoscopically unresectable be-
nign colon polyps.

METHOD

This study is a retrospective cohort study from a prospectively main-
tained database of all colon resections for benign and malignant dis-
ease conducted at the Flevoziekenhuis in Almere, the Netherlands. 
This is a teaching hospital serving a population of 200,000 and spe-
cializing in colorectal surgery. All medical records of patients who 
underwent colorectal surgery between January 2009 and October 
2018 for a suspected benign polyp that could not be removed en-
doscopically were reviewed. Patients were excluded if the polyp 
could not be passed during the colonoscopy (polyps larger than ap-
proximately 5 cm) or if the polyp showed macroscopic signs of a ma-
lignancy. Kudo's pit pattern classification was used [9]. Endoscopic 
resectability of colon polyps was assessed by the endoscopist in 
a multidisciplinary ‘polyp panel’ (expert opinion). When a lesion 
was deemed to be not endoscopically resectable the patient was 
discussed in a weekly multidisciplinary gastrointestinal oncology 

meeting resulting in advice for OCR or LWR. The final decision on 
the resection method was made in consultation with the patient, ac-
cording to the principles of shared decision- making [10].

Patient characteristics collected included age, gender, body mass 
index (BMI), American Society of Anesthesiologists (ASA) classifica-
tion and comorbidities. Pre-  and postoperative polyp characteristics 
and pathology, type of surgery, postoperative complications and 
mortality were analysed.

Surgeries were performed laparoscopically by dedicated col-
orectal surgeons according to current oncological principles. For 
LWR, the patient is prepared for both surgery and colonoscopy at 
the same time. This includes the use of a laxative to clean the colon 
and improve vision during the colonoscopy, thereby increasing the 
chance of successful outcome of the operation. The normal routine 
of preoperative management for colon surgery is performed, includ-
ing preoperative prophylactic antibiotic treatment with cefazoline 
and metronidazole 1 h prior to surgery. During LWR a small wedge 
or part of the colon wall with the polyp attached is resected. No 
lymph nodes or other tissue are resected. In all cases this operation 
is combined with the services of an experienced endoscopist who 
will perform endoscopic assistance in the same session. After the 
endoscopist has identified the polyp there are different ways to per-
form a local resection. The most often used resection was a stapled 
wedge resection of the bowel wall, after lifting the segment with a 
suture. In case of a mesenteric polyp, either a small wedge resec-
tion was performed with an anastomosis or the polyp was locally 
resected through an opening in the mesenteric abdominal wall, after 
which both defects were closed with a V- Loc suture.

Postoperatively, patients were managed according to the en-
hanced recovery after surgery (ERAS) protocol [11]. Postoperative 
complications occurring within 30 days after surgery were scored 
and graded according to the Clavien– Dindo classification for surgical 
complications [12]. Major complications were defined as grade 3b 
or higher. Histological analysis of the resected specimen and lymph 
nodes was performed according to standardized protocols. The 
histological results were further specified according to the TNM 5 
classification, which was used at that time in the Netherlands [13]. 
High- risk T1 carcinomas, which require lymph node staging and 
thereby an additional OCR, were defined as the presence of one of 
the following characteristics: poorly differentiated tumour grada-
tion, lymphovascular invasion, resection margin of less than 1 mm. 

What does this paper add to the literature?

This is the first study to compare the outcome of laparo-
scopic wedge resection and oncological colon resection in 
patients with an endoscopically unresectable benign colon 
polyp who have been referred for surgery. The results 
demonstrate that the laparoscopic wedge resection should 
be the preferential surgical treatment for endoscopically 
unresectable benign colon polyps.
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Endoscopic follow- up was performed in all patients after 1 year and 
then after 3 or 5 years, based on the number, size and location of the 
removed polyps [13].

Statistical analysis was performed using SPSS software (ver-
sion 24.0; IBM, Chicago, IL). Continuous data are presented as 
mean values with standard deviation (SD) or as median values with 
the interquartile range (IQR). Discrete variables are presented as 
counts and percentages. Categorical data were compared be-
tween groups using the chi square test, and continuous data were 
compared using the independent samples t- test or Mann– Whitney 
U- test. A two- tailed p- value of <0.05 is considered statistically 
significant.

RESULTS

Patient demographics

A total of 122 patients with endoscopically unresectable (sus-
pected) benign polyps were included in the study, of whom 97 un-
derwent OCR and 25 LWR. Baseline characteristics are illustrated 
in Table 1. There were no significant differences between the two 
groups.

Clinical outcome

Major complications (Clavien– Dindo >3b) occurred in 16.7% 
(n = 16) of patients undergoing OCR compared with 4.0% (n = 1) 
of the LWR group (p = 0.06). The major complications in the OCR 
group included six patients with anastomotic leakage requiring 
reoperation (6.3%). Three patients underwent a relaparoscopy 
in suspicion of anastomotic leakage, but there were no signs of 
leakage per- operatively. Two of these patients who underwent a 
negative diagnostic laparoscopy died of cardiac and/or pulmonary 
complications. The death of one patient was caused by cardiac 
failure. One patient had a relaparoscopy because of an internal 
herniation, one had an iatrogenic perforation and one patient had 
an admission to intensive care in relation to pulmonary complica-
tions. The major complication in the LWR group was iatrogenic 
injury by a trocar in the small bowel in a patient with a history 
of abdominal surgery. The minor complication rate was 20.8% 
(n = 20) in the OCR group and 16.0% (n = 5) in the LWR group 
(p = 0.10). The minor complications in the LWR group consisted of 
two patients who had signs of tissue inflammation near the exci-
sion site; both recovered with intravenous antibiotics. One patient 
had an infected haematoma which required radiological drainage, 
and one patient needed a transfusion after rectal haemorrhage. 
No anastomotic leakages or deaths were reported in the patient 
group undergoing local excision. The median length of hospital 
stay in the OCR group was 5 days (IQR 5– 9 days). The length of 
hospital stay in the LWR group was significantly shorter, with a 
median length of 2 days (IQR 2– 4 days; p < 0.0001) (Table 2).

Histopathological outcome

Postoperative histopathological analysis showed a malignancy rate 
of 4.2% (n = 4) in the OCR group. Of these patients none had lymph 
node metastasis. Two patients had a T1 carcinoma, one was diag-
nosed with a T2 carcinoma and one with a T3 carcinoma. Neither of 
the two patients with a T1 carcinoma had any high- risk character-
istics (Table 3). In the LWR group there was one patient with a T1 
carcinoma without high- risk characteristics.

Follow- up

The median follow- up in the LWR group was 39 months (IQR 22– 
54 months) and no recurrences have been reported so far. The 
patient with a malignancy had a follow- up of 9 years without recur-
rence. In patients with high- risk colon cancer after OCR no signs of 
metastases or recurrences have been reported so far during routine 
oncological follow- up (median follow 4.5 years).

DISCUSSION

This study showed that patients who underwent a LWR experienced 
lower complication rates and had a significantly shorter length of 
hospital stay than patients who received an OCR. There was a low 
malignancy rate in both groups (<5%). To the best of our knowledge, 
this is the first study to compare LWR with OCR in patients with 
a benign colon polyp referred for surgery. According to the Dutch 
guideline for colon cancer, radical endoscopic resection is sufficient 
for polyps that reveal a postoperative histological result of a low- risk 
pT1 carcinoma. In all other cases the risk of lymph node metastases 
is too high, and therefore additional oncological surgery should be 
considered [13]. Of the 97 patients in our study who underwent an 
OCR only two had a high- risk carcinoma. None of the LWR group 
had a high- risk carcinoma. If the 122 patients in our study had had 
a LWR, only 1.6% would have an indication for additional surgery 
for further lymph node staging according to the guidelines. These 
results and the results in the literature prompt for good endoscopi-
cal analysis, such as good imaging after cleansing and optical analysis 
by an expert panel, to establish individual- based resection advice, 
namely (p)EMR, ESD, eFTR, LWR or OCR.

The mortality rate in the OCR group was relatively high com-
pared with the mortality rate in all the patients undergoing an OCR 
in our hospital (1.3%). The higher mortality in the OCR group was 
due to cardiac and pulmonary complications, as mentioned previ-
ously. The complication rate is comparable with the complication 
rate for the total population undergoing oncological colon surgery 
in the Netherlands [7], but this is difficult to accept for patients 
who turn out to have a benign lesion, especially since the number 
of patients with a benign colon polyp who are referred for surgery 
is increasing after the introduction of the national bowel screening 
programme [1]. The national bowel screening programme takes the 
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complications after endoscopy into account in weighing the risks of 
the procedure against national health, but the risk of possible onco-
logical surgery following an unresectable colon polyp is not taken 
into account [14].

Multiple previous studies have analysed the incidence of post-
operative malignant histology in patients with endoscopically 
unresectable colon polyps who underwent a colon resection [15– 
25]. Reported malignancy rates vary between 8% and 22% and all 
authors conclude that an OCR is thereby the preferred treatment 
(Table 4). However, most studies were based on laparotomy instead 
of laparoscopic surgery, which makes reoperation for additional 
oncological resection with lymph node sampling in patients with  

a >pT1 (high- risk) carcinoma more demanding. Nowadays, in the 
laparoscopic era, a completion lymphadenectomy within 2 weeks 
seems very feasible.

A few other studies have described outcomes after LWR. In the 
largest study, published in 2009, Wilhelm et al. [26] examined the 
combined laparoscopic- endoscopic resections of colorectal polyps in 
146 patients. Treatments included laparoscopy- assisted endoscopic 
resection (n = 8), endoscopy- assisted wedge resection (n = 72), 
endoscopy- assisted transluminal resection (n = 40) and endoscopy- 
assisted segmental resection (n = 26). Postoperative complications 
occurred in 25% and a mortality rate of 0.7% was reported. This 
study included the highest number of patients who underwent a 

Oncological colon 
resection

Laparoscopic wedge 
excision p- value

Total N = 97 (%a ) N = 25 (%a )

Age (years), median (IQR) 66 (61– 72) 65 (61– 70) 0.72b 

Gender 0.10c 

Female 37 (38.5) 10 (40.0)

Male 60 (61.5) 15 (60.0)

BMI (kg/m2), median (IQR) 26.2 (24.4– 29.1) 27.8 (24.8– 30.7) 0.27b 

ASA classification 0.30c 

ASA 1 28 (29.1) 6 (24.0)

ASA 2 51 (53.1) 12 (48.0)

ASA 3 14 (14.6) 7 (28.0)

ASA 4 3 (3.1) 0 (0.0)

Preoperative pathology 0.09c 

Tubulovillous 54 (55.6) 12 (48.0)

Tubular 22 (22.6) 7 (28.0)

Villous 4 (4.1) 0 (0.0)

Other 17 (17.5) 6 (24.0)

Dysplasia 0.87c 

Low grade 49 (50.5) 15 (60.0)

High grade 16 (16.5) 4 (16.7)

Unknown 31 (32.0) 6 (24.0)

Operation 0.38c 

Laparoscopic 90 (92.8) 25 (100)

Open 2 (2.1) 0 (0.0)

Conversion 5 (5.2) 0 (0.)

Type of OCR

Right colectomy 66 (54.5) - 

Left colectomy 6 (5.0) - 

Sigmoidectomy 13 (10.7) - 

Low anterior resection 3 (2.5) - 

Subtotal colectomy 8 (6.6) - 

Abbreviations: ASA American Society of Anesthesiologists; BMI body mass index; IQR, interquartile 
range; OCR, oncological colon resection.
aUnless otherwise stated in the first column.
bMann– Whitney U- test.
cChi- square test.

TA B L E  1  Patient characteristics
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similar treatment to the patients in our study. The complication rate 
after all local procedures seems relatively high compared with our 
results; however, laparoscopic techniques and further specialization 
have improved considerably over the past decades. Some smaller, 
but more recent, studies showed lower complication rates [27,28]. 
In 2016 [29] and 2020 [30] systematic reviews were published with 
available literature on all combined endoscopic and laparoscopic 
surgery- type procedures. All these included studies showed similar 

numbers of patients and results. But the most important part is that 
none of these studies showed a higher risk of complications than the 
complication rates of an OCR.

One of the limitations of this study was the retrospective 
study design. This resulted in an imbalance in the total number 
of patients included in the two groups. Patients were discussed 
in a multidisciplinary team where experts decided which surgical 
intervention was going to be performed. This method can lead to 

Oncologic colon 
resection

Laparoscopic 
wedge excision p- value

Total N = 97 (%) N = 25 (%)

Malignancy rate 4 (4.2) 1 (4.0) 0.12a 

Complications

Clavien– Dindo >3b 16 (16.7) 1 (4.0) 0.06a 

Clavien– Dindo <3b 20 (20.8) 5 (16.0) 0.10a 

Anastomotic leakage 6 (6.3) 0 (0.0) 0.18a 

Mortality 3 (3.1) 0 (0.0) 0.37a 

Hospital stay (days), median (IQR) 5 (5– 9) 2 (2– 4) <0.0001b 

Abbreviation: IQR, interquartile range.
aChi- square test.
bMann– Whitney U- test.

TA B L E  2  Postoperative clinical 
outcome

Characteristic OCR LWR

T1N0 
(n = 2)

T2N0 
(n = 1)

T3N0 
(n = 1)

T1 
(n = 1)

Poorly differentiated tumour 0 0 1 0

Presence of lymphovascular invasion 0 1 1 0

Resection margin <1 mm 0 0 0 0

No. of harvested lymph nodes <10 0 1 0 0

Total 0 1 1 0

TA B L E  3  High risk characteristics 
malignancies found in patients with 
unresectable polyps

TA B L E  4  Literature reporting the incidence of malignancy-  and complication rates in patients with preoperative benign unresectable 
polyps who underwent an oncological colon resection

Author Patients (N) Malignancy (%) Complications (%) Anastomotic leakage (%)
Mortality 
(%)

Gorgun et al. (2016) [15] 439 8.0 18.9 1.1 0.0

Dulskas et al. (2015) [16] 42 9.5 9.5 0.0 0.0

Liu et al. (2013) [17] 40 67.5 5.0 NM NM

Bertelson et al. (2012) [18] 750 17.0 NM NM NM

Loungnarath et al. (2010) [19] 165 13.0 23.0 2.6 1.8%

Hauenschild et al. (2009) [20] 58 0.0 9.3 NM 0.0

Itah et al. (2009) [21] 64 14.0 4.0 1.7 0.0

Benedix et al. (2008) [22] 525 18.0 20.8 3.6 0.9

Zmora et al. (2009) [23] 38 18.0 10.5 2.0 0.0

Brozovich et al. (2008) [24] 63 22.0 NM NM NM

Alder et al. (2006) [25] 79 16.0 37.0 NM 3.0

Abbreviation: NM, not mentioned.
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conscious selection bias, but the finding that there are no signifi-
cant differences in patient characteristics and comparable malig-
nancy rates in both groups suggests otherwise. Another limitation 
is the relatively small number of patients included in this study. 
The strength of this study is the inclusion of consecutive patients 
from a single, nonacademic, nonreferral centre, which is a good 
reflection of daily clinical practice and the correlation of patholog-
ical findings to clinical outcome.

CONCLUSION

This study shows that LWR is a safe procedure in patients with en-
doscopically unresectable polyps, with both low morbidity and low 
and acceptable oncological risks. Therefore, we suggest that LWR is 
a safe alternative treatment, next to other endoscopic options ((p)
EMR, ESD, eFTR), in patients with an endoscopically unresectable 
benign colon polyp. Which treatment is most suitable for each pa-
tient should be discussed in a multidisciplinary meeting.
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