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abstract
INTRODUCTION  Polypectomy at colonoscopy may be difficult or dangerous. In such instances colonic resection may be indi-
cated. Novel combined laparoscopic–endoscopic procedures have the potential to allow safe extensive extramucosal resection, 
thus avoiding resection. Laparoscopic colon mobilisation provides a more favourable orientation for endoscopic mucosal resec-
tion and facilitates identification of possible perforation sites with immediate laparoscopic repair or resection if necessary. This 
study aimed to assess the efficacy and safety of laparo-endoscopic resection (LER) of colonic polyps.
PATIENTS AND METHODS  Data were collected prospectively on consecutive patients undergoing LER. The mode of presentation, 
referral pattern, lesion site and size, hospital stay, procedural details, complications, histology and further treatment were recorded.
RESULTS  A total of 13 patients underwent attempted LER (16 polyps in total) and this was completed for 10, with a median 
hospital stay of 2 days. Five polyps were removed whole and eight piecemeal. Excision was clinically complete in all cases. 
Three procedures were converted to colonic resection. One lesion appeared malignant, indicating a conversion to laparoscopic 
right hemicolectomy. Two polyps were not amenable to LER and resection was performed. One patient underwent subsequent 
colonic resection based on the histological findings. There were no perforations or serious complications.
CONCLUSIONS  LER is a safe and effective treatment for large and inaccessible colonic polyps that would otherwise be treated 
by colonic resection.

Adenomatous polyps have malignant potential1 and stand-
ard practice is to remove these at colonoscopy with an endo-
scopic mucosal resection (EMR) or endoscopic submucosal 
dissection. These techniques require good visibility of the 
lesion via the colonoscope and maintenance of a stable posi-
tion for polypectomy. Difficulties arise where there is exces-
sive tortuosity of the colon, poor bowel preparation and pa-
tient discomfort due to prolonged procedures. Colonic folds 
can further obscure the view and large polyps with a wide 
base can be problematic. The perceived risk of iatrogenic 
injury including haemorrhage and colonic perforation may 
prevent an attempt at polypectomy. In such cases, where 
standard polypectomy via the colonoscope is considered not 
technically possible, patients may be referred for colonic re-
section. This will expose these patients to surgical risks. It 
has been estimated that the overall postoperative mortality 
for colorectal cancer resection is 7.5%.2

An alternative to colonic resection for extensive or in-
accessible polyps is a laparoscopically assisted procedure. 
Franklin et al reported on a series of 110 patients under-
going colonoscopic polypectomy following laparoscopic 

mobilisation of the colon.3 Other reports have described 
the technique for small series of between two and twelve 
polyps.4,5,6,7,8 Laparoscopic colonic mobilisation has the 
potential to orientate the colon to a more favourable and 
stable position, and to facilitate intraoperative EMR via the 
colonoscope. It also allows identification of sites of poten-
tial iatrogenic bowel injury, with the option of immediate 
laparoscopic repair.

The aim of this prospective study was to assess the ef-
ficacy and safety of a newly introduced combined laparo-
endoscopic resection (LER) technique for polyps that would 
otherwise have been removed by colonic resection and to 
compare results with published data. It is the first study of 
its kind from the UK and the second largest published se-
ries. Our endoscopy unit undertakes screening as part of the 
NHS Bowel Cancer Screening Programme (BCSP) and the 
standard of colonoscopy is high.

Patients and methods
Data were collected on consecutive patients undergoing 
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LER for colonic polyps over a 12-month period from May 
2008. All polyps had previously been assessed and biopsied 
at a previous colonoscopy and histology had confirmed be-
nign disease. LER was not used for rectal polyps as the au-
thors consider transanal endoscopic microsurgery to be a 
superior technique in the rectum.9 Data collected included 
the mode of presentation, referral pattern, lesion site and 
size, hospital stay, procedural details, complications, com-
pleteness of excision, histology and further treatments.

Surgical technique
All patients received mechanical bowel preparation (Klean-
Prep®, Norgine Pharmaceuticals Ltd, Uxbridge, UK). All pa-
tients provided written informed consent before undergoing 
the procedure. As part of the consent process it was explained 
to all patients that if histological analysis identified a focus of 
malignancy within a resected polyp then a subsequent op-
eration may be necessary. Under general anesthesia patients 
were placed in a modified Lloyd Davies position.

The abdomen was prepared and draped as for a resec-
tion. Pneumoperitoneum was established with carbon diox-

ide via a Veres needle placed periumbilically. Further 5mm 
ports were placed according to the lesion site. The colon 
was mobilised as for a colon resection without vascular divi-
sion. A soft bowel clamp was placed proximal to the lesion 
to avoid distension of proximal bowel. The colonoscope was 
then introduced via the anus and air insufflation was used 
to provide luminal views. Colonoscopy was aided, where 
appropriate, with laparoscopic straightening of the colon. 
When identified, the lesion was assessed for suitability of 
EMR or need for immediate resection. For those suitable 
for initial attempted EMR, submucosal injection of standard 
mucosal advancement solution (50ml gelofusine with 1 in 
10,000 norepinephrine and 0.5ml methylene blue dye) was 
used to lift the polyp from the muscularis prior to EMR with 
a diathermy snare passed through the colonoscope. Polyps 
were excised whole or piecemeal until resection was mac-
roscopically complete. Tissue pieces were retrieved with a 
Roth Net® retrieval device (US Endoscopy, Mentor, Ohio, US) 
and sent for histological analysis. If there were adverse clin-
ical features during polypectomy such as unexpected deep 
tissue suspicious for malignancy, the EMR was abandoned 
by agreement of the two operating consultant surgeons and 
conversion to immediate resection was undertaken.

Results
Thirteen patients underwent LER during the study period. 
The male to female ratio was 1:2. The age range was 48–85. 
There were 16 polyps in total.

Presentation, referral pattern and indication for LER
Table 1 details reasons why the polyps were deemed unsuit-
able for conventional EMR and which clinicians made this 
decision. All patients would have undergone bowel resec-
tion had the author surgeons (JMDW/NRB) not offered LER. 
In this series, three procedures were converted to colonic 

Figure 1  Example of a caecal polyp: (A) before, (B) immediately 
after and (C) 6 weeks after laparo-endoscopic resection

A B C

Figure 2  Example of a sigmoid polyp: (A) before and (B) after 
laparo-endoscopic resection

A
B

Figure 3  Caecal polyp showing: (A) a puckered endothelium and 
(B) a tethered serosa. A section was snared endoscopically and 
the underlying tissue appeared suspicious of malignancy (C).

A B C

Figure 4  Diffuse transverse colon polyp. Submucosal injection 
would not separate the lesion from the muscularis. The 
procedure was converted to a segmental transverse colectomy.
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resection and one patient underwent subsequent colonic 
resection based on the histological findings. Seven patients 
were referred from senior gastroenterologists including the 
BCSP site lead and national endoscopy training lead, who 
considered the polyps unsuitable for conventional EMR. 
One patient was referred from a surgeon colleague and 
five patients were investigated initially by author surgeons 
(JMDW/NRB). Patients presented asymptomatically via the 
BCSP (3), polyp surveillance (2), colitis surveillance (1), an 
incidental computed tomography (CT) finding (1) and an in-
cidental positron emission tomography finding (1) or symp-
tomatically with anaemia (1), a change in bowel habit (1) 
and rectal bleeding (3).

Lesion site and size
Fourteen polyps were in the right colon, one in the trans-
verse colon and one in the sigmoid colon. The polyps ranged 
in size from 2cm to 5cm. All had previously been biopsied 
with a histological diagnosis of tubulovillous adenoma (15) 
or hyperplastic polyp (1).

Procedural details
Thirteen polyps were amenable to LER. The colon was mo-
bilised for all patients except one with a very long and re-
dundant sigmoid polyp for whom the colon was straightened 
laparoscopically without mobilisation. There were no iatro-

genic bowel injuries although one caecum was reinforced 
with sutures. Of these thirteen polyps, histology confirmed 
eleven were tubulovillous adenomas, one was a hyperplas-
tic polyp and one was a tubulovillous adenoma with a fo-
cus of adenocarcinoma. The latter patient later underwent 
subsequent laparoscopic right hemicolectomy. Examples 
of caecal and sigmoid polyps excised via LER are shown in 
Figures 1 and 2.

The first polyp unsuitable for LER had an appearance 
suspicious of malignancy (Fig. 3). The endothelium was 
puckered and on the laparoscopic view the serosa looked 
tethered. A section of the lesion was snared endoscopi-
cally and the underlying tissue also appeared suspicious 
for malignancy. The procedure was converted immediately 
to laparoscopic right hemicolectomy. Histology later con-
firmed adenocarcinoma.

The second polyp unsuitable for LER was in the trans-
verse colon and was diffuse and sessile (Fig. 4). Submucosal 
injection did not succeed in lifting the lesion from the mus-
cularis. It was therefore not safe to proceed with EMR. This 
procedure was converted to a segmental transverse colec-
tomy. Histology confirmed tubulovillous adenoma.

The third polyp that was not amenable to LER was proxi-
mal to but encroaching on the ileocaecal valve (Fig. 5). This 
was converted to a laparoscopic right hemicolectomy. His-
tology confirmed tubulovillous adenoma.

Table 1  Reasons why the polyps were unsuitable for endoscopic mucosal resection (EMR) and which clinicians made this decision

Patient Clinician deciding polyp(s) 
unsuitable for conventional EMR

Reason unsuitable for conventional EMR Colonic resection required?

1 Senior gastroenterologist 30mm polyp in caecum – difficulty maintaining 
stable position

No

2 Author surgeon 25mm sessile polyp in caecum – difficulty maintain-
ing stable position

Later right hemicolectomy – focus 
of malignancy in polyp

3 Senior gastroenterologist 35mm sessile ascending colon polyp Conversion to resection – malig-
nant looking polyp

4 Senior surgeon colleague 20mm caecal and 15mm hepatic flexure sessile 
polyps – perforation risk; surgeon had considered 
right hemicolectomy

No

5 Senior gastroenterologist 2 x polyps in caecum, one 40mm No

6 Author surgeon 30mm sessile ascending colon polyp No

7 Author surgeon Previous attempted EMR for large polyp at hepatic 
flexure, remnant re-growth – needed adequate resec-
tion depth

No

8 Senior gastroenterologist 40mm sessile hemi-circumferential sigmoid polyp No

9 Senior gastroenterologist 20mm sessile polyp behind fold in caecum – dif-
ficulty maintaining stable position

No

10 Senior gastroenterologist Sessile, hemi-circumferential lesion in transverse 
colon covering 2 folds, laparo-endoscopic resection 
to straighten colon and maintain position

Conversion to transverse colec-
tomy

11 Author surgeon 20mm sessile polyp behind fold in caecum – dif-
ficulty maintaining stable position

No

12 Author surgeon 50mm sessile lesion in caecum Conversion to right hemicolectomy

13 Author surgeon 3 sessile polyps in ascending colon, largest 25mm No
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Complications
Two of the patients who underwent LER had complications. 
One had a postoperative bradycardia and received a medical 
review. This patient was discharged after three nights with 
conservative management. The second patient suffered ab-
dominal pain one week after discharge. This patient was re-
admitted for four nights. CT of the abdomen was normal but 
the patient needed treatment for pneumonia.

Hospital stay
The median and mean hospital stays in the LER group were 
2 and 2.1 days respectively. Any patient not discharged on 
the first postoperative day, other than those described above, 
were observed for abdominal distension or ileus until they 
were comfortable or bowel function resumed.

Discussion
This study was performed in a district general hospital that 
is also a centre for the BCSP. It is the second largest reported 
series to date and is the first from the UK. The majority of 
polyps (13/16, 81%) were successfully removed with LER, 
thereby avoiding colonic resection, although one patient did 
undergo a subsequent right hemicolectomy for a malignant 
polyp. Factors precluding conventional EMR, as indicated in 
Table 1, included difficulty in maintaining a stable position 
of the colonoscope and an adequate view of the polyp, for 
example at the colonic flexures, tortuous parts of the colon 
and behind mucosal folds. Polyp size and base width were 
also contributing factors.

Most of the polyps in our series were in the right-hand 
side of the colon. There are reports of large right-sided ses-
sile polyps being removed endoscopically.10,11 However, the 
overall frequency of colonic perforation for polypectomy 
has been estimated to be about 1 in 200.12 Furthermore, one 
study advocating EMR at colonoscopy for large colorectal 

polyps reported on a series of 151 polyps undergoing EMR 
with 3 perforations and 2 cases of copious haemorrhage re-
quiring emergency bowel resection.13 These are significant 
incidences for serious complications. EMR at colonoscopy 
cannot therefore be considered to be a procedure without 
risk, particularly for large polyps and in situations with dif-
ficult access.

All patients in our series were assessed by senior endo-
scopists including the BCSP site lead and the national en-
doscopy training lead. For these patients, the benefit of at-
tempted EMR at colonoscopy was thought not sufficient to 
justify the risks. Two polyps were 20mm in size and, while 
lesions of this size are usually amenable to conventional 
EMR, the senior gastroenterologist and surgeon assessing 
these lesions considered them to be too problematic for 
conventional EMR due to the position of the polyps behind 
folds and difficulties with maintaining a stable endoscope 
position. Therefore, LER was undertaken and was success-
ful in both cases. The fact that not all lesions proceeded suc-
cessfully to LER supports the view that only suitably difficult 
lesions were selected for attempted LER. There were no 
direct procedural complications, which supports the appro-
priate use of this technique.

While hyperplastic polyps are generally considered to be 
benign without malignant potential, it has been suggested 
that some right-sided hyperplastic polyps may give rise to 
sporadic cancers.14 The hyperplastic polyp removed from 
the transverse colon in our study was 2.5cm in size and had 
enlarged following a previous colonoscopy. It was therefore 
considered to have malignant potential necessitating re-
moval.

It has been suggested that CO2 insufflation during in-
traoperative colonoscopy is advantageous compared with 
air insufflation as this prevents excessive colon distension 
and is rapidly absorbed.15 However, we found that the air 
insufflation equipment was easier to set up and, with careful 
technique, colonic distension was well controlled.

Since all patients were previously investigated by a 
senior endoscopist, it was considered unnecessary for the 
author surgeons to perform an on-table colonoscopic as-
sessment of the lesions prior to laparoscopic mobilisation. 
Indeed, the colonic distension that this would have created 

Figure 5  Large caecal polyp encroaching on the ileocaecal 
valve. This patient underwent a laparoscopic right 
hemicolectomy.

Figure 6  Length of hospital stay. Black bars shown represent 
patients converted to colonic resection.
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could have made trocar insertion dangerous and colonosco-
py prior to laparoscopic mobilisation would have increased 
the time taken to perform the complete procedure.

A number of published series have described combined 
laparoscopic and endoscopic polypectomy involving laparo-
scopic mobilisation of the colon. Ours is the first from the 
UK. The largest study by Franklin et al reviewed 110 pa-
tients undergoing attempted endoscopic polypectomy fol-
lowing laparoscopic mobilisation of the colon and the au-
thors advocated this as a safe procedure.3 Of these, 19 (17%) 
went on to have colonic resection, which is similar to our 
study. Smaller studies have also demonstrated the feasibil-
ity of the technique. Prohm et al described a series of six 
patients undergoing endoscopic polypectomy with laparo-
scopic mobilisation.4 The postoperative stay had a median 
of 2.5 days. Hensman et al reported on a series of six polyps 
between 3cm and 7cm in size removed via endoscopy with 
laparoscopy and colon mobilisation if required.5 Smedh et 
al performed endoscopic removal of two 3cm polyps of the 
sigmoid colon following laparoscopic mobilisation.6

Other studies have described various combinations of 
laparoscopic and colonoscopic techniques. Winter et al re-
ported on a series of 38 patients undergoing a laparoscopic 
colonoscopic rendezvous procedure.7 However, polypec-
tomy was performed in only 8 of 38 following laparoscopic 
preparation of the colon, with 28 undergoing bowel resec-
tion. In the remainder, a colonoscopically assisted laparo-
scopic procedure was performed. Mal et al described a series 
of 65 patients referred with polyps thought to be unsuitable 
for conventional endoscopic polypectomy.8 Segmental re-
section was avoided in 44 patients following laparoscopic 
assessment and 12 were removed by laparoscopic-assisted 
colonoscopic polypectomy. Twenty were treated by simple 
endoscopic removal, nine by laparoscopic wedge resection 
and three by extracorporeal colostomy and polyp resection.

Other laparoscopically assisted techniques have been 
described that do not necessarily include laparoscopic co-
lonic mobilisation. Wilhelm et al reported on a series of 146 
patients undergoing combined LER of colorectal polyps.16 

They manipulated the colon laparoscopically but did not 
report mobilising the colon as for a resection. Only eight 
patients went on to have endoscopic polypectomy. In total, 
72 patients received an endoscopically assisted wedge re-
section, 40 patients an endoscopically assisted transluminal 
resection via a colostomy and 26 patients an endoscopically 
assisted segmental resection. Our study with laparoscopic 
mobilisation of the colon had the advantage that most pol-
yps could be removed endoscopically.

The length of hospital stay in our study was compara-
ble to published series and shows that LER necessitates a 
shorter postoperative hospital stay than colonic resection. In 
keeping with our study, none of the published series report-
ed any major complications. Franklin et al described LER 
as a safe and effective technique although they did not de-
tail all of their complications.3 Long-term colonoscopic fol-
low up of 209 polypectomies (range: 6–196 months) showed 
no recurrence.17 Mild abdominal/trocar pain was the most 
common complaint.

Conclusions
LER is a safe and effective treatment for large or inacces-
sible polyps that would otherwise be treated with colonic 
resection, wedge resection or via colostomy. It does, how-
ever, require two clinicians to perform the laparoscopy and 
colonoscopy simultaneously. While this technique requires 
a general anaesthetic and operating theatre time, laparo-
scopic mobilisation of the colon provides a more favourable 
orientation for EMR and allows inspection and identifica-
tion of possible perforation sites or adverse pathologies with 
conversion to immediate laparoscopic repair or resection if 
necessary. Our study is the second largest published series 
and shows that this technique can be employed in the dis-
trict general hospital setting.
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