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Introduction

Colorectal cancer (CRC) ranked globally the third for 
cancer incidence and fourth for cancer related death (1). 
CRC is developed mainly from colorectal adenomatous 
polyps via pathway of adenoma-carcinoma sequence and 
therefore, its prevention depends largely on early detection 
and removal of adenomatous polyps (2,3). It was reported 
that the incidence of CRC significantly decreased by  
76–90% with endoscopic removal of colorectal adenomatous 
polyps (4). In recent years, there was implementation of 
national colorectal cancer screening program in many 
countries and increasing detection of premalignant or 
early malignant colorectal polyps was observed (5). Most 
of the polyps can be removed by conventional endoscopic 
procedures, including cold/hot biopsy, snare polypectomy 

or endoscopic mucosal resection (EMR). With rapid 
advancement in endoscopic technology, many large sessile 
polyps and early cancerous polyps (pTis/pT1a) can also be 
safely treated by endoscopic submucosal dissection (ESD) 
or transanal endoscopic operation (TEO) (for rectal polyps). 
Nonetheless, about 10–15% of polyps are considered 
as “difficult colorectal polyps” as they cannot be treated 
simply by either conventional or advanced endoscopic  
procedures (6), largely due to its size, morphology (sessile 
or flat), unfavorable location for endoscopic treatment 
(especially over sigmoid colon or cecum) or submucosal 
scar from previous attempts of endoscopic removal. 
These difficult colorectal polyps have historically been 
managed by surgical resection, which is associated 
with 10–15% morbidity, namely, leakage, infection and 
bleeding. Although minimally invasive surgery can achieve 
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oncological safe resection for cancerous polyps, studies 
have reported that only a small portion (18.2–20%) of these 
difficult polyps are invasive cancer (7,8). Majority of the 
polyps can be safely treated by limited, local resection. 

With the advances in imaging technology, combined 
endoscopic and laparoscopic surgery (CELS) have been 
developed to treat lesions not suitable for simple endoscopic 
surgery. We would like to review the current advances and 
clinical application of CELS in management of difficult 
colorectal polyps. 

When colorectal polyp is found during endoscopic 
examination, choice of treatment is based mainly on the 
size of the lesion. Reported incidence of malignancy for 
polyps >2 cm was 18% while those <1 cm was less than 10% 
(9,10). Small polyps (less than 5 mm) is usually taken by 
cold or hot biopsy. Polyps of 6–9 mm are excised by snare 
polypectomy or EMR. The majority of pedunculated polyps 
can be resected easily by snare polypectomy. For some 
giant pedunculated polyps (≥30 mm), snare polypectomy 
can be done but is associated with higher risk of post 
resection bleeding. Choi et al. introduced endoscopic 
submucosal dissection of the polyp stalk for this kind of 
giant pedunculated polyps, the results were promising and 
en bloc resection was achieved for all patients, with no intra-
operative bleeding. Post polypectomy bleeding occurred 
only in one case (4%), suggesting that ESD is an effective 
and safe option for treatment of difficult giant pedunculated 
or sub-pedunculated polyps (11). For sessile polyps larger 
than 10mm, treatment algorithm is more complicated. It 
is vital to distinguish malignant and benign polyps before 
offering endoscopic resection, as segmental colectomy 
should be performed for pT1b cancer, which has an 
incidence of approximately 10% of lymph node metastasis 

(12-14). The majority of benign or early cancerous 
polyps can be treated by endoscopic resection, like EMR 
or ESD. For early cancer of pTis or pT1a (submucosal 
invasion <1,000 mm) tumor, submucosal en bloc resection 
is oncological radical treatment with favorable long-time 
outcome. Endoscopic characteristics suggesting benign 
polyps are size <2 cm; soft consistency; regular contour; no 
depressed morphology; non-ulcerated; Kudo pit pattern 
type I–IV; predominant regular or sparse irregular vascular 
patterns on NBI; able to lift with submucosal injection. 

For sessile polyps larger than 20 mm without features 
of malignancy, ESD should be considered as first line 
treatment which serves both diagnostic and therapeutic 
purposes. Gamaleldin et al. conducted a case-matched study 
comparing the outcomes of patients who underwent ESD 

with those who underwent laparoscopic colectomy for large 
benign colorectal polyps, the results showed that ESD had a 
43% cost-reduction advantage over laparoscopic colectomy 
and a 6% lower complication rate (15). Complete resection 
with clear proximal, distal and circumferential margins is 
indispensable to enable both precise pathological diagnosis 
and curative potential (16). If the histology of the specimen 
indicates invasive carcinoma (>pT1b), a tumor-positive 
margin, an unfavorable histologic grade, vascular invasion, 
or grade 2/3 tumor budding, subsequent formal colectomy 
with lymph node dissection should be considered. 

Despite the advances in endoscopic resection techniques 
for difficult colonic polyps, there is still a subgroup of 
polyps that are endoscopically unresectable, which has 
historically been managed by surgical resection. Most 
studies reported favorable outcomes of laparoscopic 
resection for endoscopically unresectable benign polyps, 
operative risks including iatrogenic injury, bleeding, 
infection, and anastomotic leakage cannot be ignored: 
whereas the morbidity and mortality rate were reported as 
9.3–21% and 0–2.7% respectively (5,15,17). 

Combining laparoscopic and endoscopic techniques 
to perform a local excision for difficult benign polyps is 
a possible alternative, and the potential risks of surgical 
resection is avoided. Wilhelm et al. reported a 10-year 
experiences and follow-up of CLES for colorectal polyps 
in 154 patients, showing good outcomes of CELS with a 
conversion rate of 5%, intraoperative and postoperative 
complication rate of 1% and 3%, respectively (18). There 
are three main kinds of CELS, which are laparoscopic-
assisted colonoscopic polypectomy (LACP), full-thickness 
laparo-endoscopic excision (FLEX) and colonoscopy-
assisted laparoscopic wedge resection (CAL-WR). The 
major clinical studies on CELS are listed in Table 1 
(operative details) and Table 2 (surgical outcomes).

LACP (Figure 1)

This approach includes laparoscopic-assisted endoscopic 
EMR or ESD depending on the diameter and suspected 
histology of the polyps. For benign polyps less than 2 cm,  
laparoscopic-assisted EMR (LA-EMR) would be the 
preferred choice. For polyps larger than 2 cm without 
features of malignancy, laparoscopic-assisted piecemeal 
EMR or ESD (LA-ESD) can be considered. For polyps 
suspicious of early cancer, LA-ESD should be performed 
to achieved clearance of circumferential and deep margins. 
After induction of general anesthesia, patients will be placed 
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Table 2 The surgical outcomes of the key human studies regarding of CELS

First author
Publication 
year

Procedures
Colonic Leak 
(%)

Post-op 
complications (%)

Mortality (%) LOS (days)
Invasive 
cancer (%)

Prognosis 
(months)

Lee (19) 2013 LACP 0 4.4 0 1 1.5 10% recurrence  
at 65 m

Goh (20) 2014 LACP 0 13.3 0 2 6.7 No local 
recurrence at 20 m

Grünhagen (21) 2011 LACP 0 10% 0 1 10 No recurrence  
at 11 m

Franklin Jr (22) 2007 LACP 0 2.7 0 1 9.1 No recurrence  
at 6 m

Wood (23) 2011 LACP 0 15.4 0 2 NA NA

Cruz (24) 2011 LACP 0 8 0 1.5 12 NA

Lascarides (25) 2016 LACP 0 11.8 0 3 0 10% local 
recurrence  
at 15.3 m

Franklin Jr (26) 2009 LACP 0 5.6 0 1.1 10.2 No recurrence  
at 65 m

Lin (27) 2016 FLEX 0 0 0 1 0 NA

Fukunaga (28) 2014 FLEX 0 0 0 6–12 0 No recurrence  
at 12 m

Currie (29) 2019 FLEX 0.9 36.4 0.9 3–5 27.30% NA

Wilhelm (18) 2009 LACP 5.5% 0 3 0 8 11.6 0.9% local 
recurrence at 31 m

FLEX 27.4%

CAL-WR 
49.3%

EASC 18%

Yan (30) 2011 LACP 61% 0 0 0 2 0 13% local 
recurrence at 12 m

CAL-WR 
26%

Giavarini (31) 2013 CAL-WR 0 0 0 3 NA NA

Leicher (32) 2017 CAL-WR 0 0 0 1–2 12.5 NA

LACP, laparoscopy-assisted colonoscopic resection; FLEX, full-thickness laparoendoscopic resection; CAL-WR, colonoscopy-assisted 
laparoscopic wedge resection; EASC, endoscopy-assisted segmental colectomy; NA, not available.

in modified lithotomy position to facilitate intraoperative 
colonoscopy. Camera port is inserted at sub-umbilical 
region and pneumoperitoneum is created for laparoscopic 
exploration. Endoscopists then perform colonoscopy to 
localize the lesion and assess the suitability for EMR/
ESD or need for immediate surgical resection. CO2 
instead of air should be used for gas insufflation during 

colonoscopy (19,20), as CO2 can readily be absorbed to  
venous circulation. The polyp is then marked with 
indigo carmine (19) or vascular clip (33) intra-luminally 
by colonoscopy and can be identified laparoscopically. 
Additional 5-mm working ports (21), will be placed 
according to the location of the lesions (always at sites 
opposite to the lesions). If the polyp is located at a difficult 
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location with sharp angulation or at retroperitoneal side, 
the colon is mobilized laparoscopically for better exposure 
and access (Figure 1A). The lesion is elevated as usual 
with submucosal injection of either saline (34), adrenaline 
in saline (20), or mannitol and methylene blue dye  
solution (22). EMR will be performed by endoscopic 
snare (Figure 1B) while ESD will be performed by use 
of endoscopic knifes (like Dual-knifes, Hook-knifes, IT-
knifes, etc.) under direct laparoscopic vision of the colonic 
serosa (Figure 1C). If a full-thickness injury or perforation 
is suspected, laparoscopic suture repair can be performed. 
The integrity of the bowel can be ascertained by air-leak 
test with the use of CO2 insufflation using colonoscopy. The 
specimen is finally retrieved transanally. Some institutions 
perform frozen section for the resected specimens routinely. 
However, most believed that frozen section is unnecessary 
with exception for firm or multi-lobulated polyps, as the 
reported rate of missed cancer is low (only 1.5%) based on 
clinical judgement of the specimens (19).

Many authors have reported excellent outcomes 
of LACP compared with laparoscopic resection. The 
advantages of LACP are less complication, fast recovery, 
and less cost (24,25,35). Many centers have reported no 
major complication by LACP approach. Recovery is similar 
to endoscopic polypectomy alone, Length of stay (LOS) 
is 2.5 days less on average compared with laparoscopic 
colectomy (25,35). Lascarides et al. conducted a single-
center randomized controlled study comparing LACP and 
laparoscopic right colectomy (LRC) for endoscopically 
unresectable polyps of the right colon. Results showed post-
operative length of stay (LOS) was much shorter for LACP 
than LRC (2.63 vs. 4.94 days) (25). Long-term follow up 
showed lower local recurrence rate for LACP. Franklin ME 

Jr reported no post-operative recurrence in a mean follow-
up of 63.37 months in 160 patients (26). Wilhelm et al. 
reported a 0.9% local recurrence rate in a mean follow up 
of 2.9 years (18).

LACP also is a good alternative treatment for colonic 
polyps (>1 cm) found under radiological examination and 
previously incomplete colonoscopy (obesity, redundancy 
of sigmoid colon, or adhesion after abdominal surgery), 
which accounted in 8–10% of endoscopic examinations. 
Quyn et al. reported successful intraoperative endoscopic 
polypectomy after laparoscopic colonic mobilization in all 
the 12 patients with incomplete preoperative colonoscopy. 
Recovery times were similar to endoscopic resection  
alone (36). 

FLEX 

Full-thickness resections are mandatory in some special 
clinical scenarios (e.g., non-lifting recurrent adenomas due 
to submucosal scar and adenomas located near colorectal 
diverticulum). The advances in endoscopic devices and 
techniques allow endoscopists to perform endoscopic full-
thickness resection (EFTR) for these lesions. However, 
the safety of intraluminal closure of colonic defect is a 
major concern for EFTR. There are three devices designed 
for endoscopic defect closure in EFTR procedure with 
unique techniques respectively. After the colonic lesion 
was endoscopically marked, it was maneuvered into the 
resection chamber, using either traction or suction, of the 
full-thickness resection device (FTRD; Ovesco Endoscopy, 
Tubingen, Germany) (37,38). The tissue fold was then 
excised and a stapled anastomosis was resulted. Whereas the 
tissue apposition systems (TAS) (Ethicon, Endo-Surgery 

A B C

Figure 1 LACP. (A) Using laparoscopic forceps to help inverting the colonic polyp; (B) colonic polyp is removed by LACP-EMR; (C) 
colonic polyp is removed by LACP-ESD. LACP, Laparoscopy-assisted colonoscopic polypectomy; EMR, endoscopic mucosal resection; 
ESD, endoscopic submucosal dissection.
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Inc., Cincinnati, USA) allows step-by-step closure of full-
thickness colonic defect by a series of T-tags (39,40). The 
third device is Over-The-(endo)-Scope Clip (OTSC) 
(Ovesco Endoscopy, Tubingen, Germany) method, in which 
the edges of the colotomy were manipulated into the cap 
using a twin grasper (Ovesco, Endoscopy) and one or more 
OTSCs were deployed to close the defect (41,42). EFTR 
can be successfully performed in most of cases with low 
complication rate. Brigic et al. (43) reported a systematic 
review regarding the feasibility and safety of EFTR for 
colonic lesions, including 5 trials and 113 procedures. The 
result showed that overall success rate was high (89%), 
intraoperative complication rate was acceptable (22%). 
However, post-resection closure methods more commonly 
resulted in failure to close the defect (5–55%) and a high 
incidence of abnormal findings at postmortem examination 
(84%). EFTR should preferably be performed in high 
volume centers as it is indeed a technically demanding 
procedure associated with a steep learning curve. 

Laparoscopy offer an excellent extramural view of 
colon and preventing collateral injuries during endoscopic 
treatment. Laparoscopic suture or linear stapling for closure 
of colotomy are relatively simple compared to intraluminal 
defect closure by endoscopic devices. In addition, leak test 
can be performed by intraluminal gas insufflation to confirm 
the integrity of colon after closure. Therefore, FLEX will 
theoretically be safer than EFTR alone for treatment of 
colonic lesions. Brigic et al. (44,45) successfully performed 
FLEX for colonic lesions in experimental pig models in 
2013. There were several different modifications of FLEX 
reported in humans. Currie et al.  (29) introduced the 
following method: (I) circumferential marking of resection 

margin of polyp using endoscopic argon plasma coagulation; 
(II) transmural endoscopic sutures to evert the bowel; (III) 
resection was completed by laparoscopic linear stapling 
(Figure 2). Fukunaga et al. (27,28) introduced a novel approach 
as: firstly, endoscopic circumferential mucosal incision was 
performed, then laparoscopic seromuscular dissection to 
meet the mucosal incision line created by the endoscopic 
procedure to ensure precise excision, finally linear stapler 
fired in an everted fashion to close the colon wall defect. 
For lesions located near the mesentery, Wilhelm et al. (18)  
suggest a small colotomy was performed after confirming 
location of the lesion under colonoscopic guidance, the lesion 
was elevated and resected by application of a linear-stapling 
device. Closure of the colotomy was achieved by utilizing 
laparoscopic sutures or linear stapling device (Figure 3).  
Colonic defect is closed by laparoscopic sutures or linear 
stapling device in the above FELX techniques. The pooled 
results of these small-scale case series reviewed safe closure of 
colonic defect without post-operative leak or abscess. There 
was no residual or recurrent adenoma found by colonoscopy 
performed in 3–12 months after resection of polyp. FELX 
is associated with high incidence of complete full-thickness 
resection of colonic polyp and successful closure of defect, 
with low incidence of residue lesion nor leakage. 

Nevertheless, accurate preoperative assessment of 
three morphological features of the polyp, including its 
relation to the mesenteric border, tumor diameter and 
circumferential extent of involvement of the bowel wall, has 
to be observed. If the lesion is located at mesenteric side 
or involves more than half of the circumference of colonic 
wall, it is considered not suitable for FLEX due to risks 
of bleeding, ischemia and post-operative stricture. Currie  

BA

Figure 2 Laparoscopy-assisted endoscopic FLEX. (A) Margins of polyp are marked using circumferential endoscopic argon plasma 
coagulation; (B) after transmural endoscopic sutures to evert the bowel, the polyp is resected by laparoscopic linear stapling. FLEX, full-
thickness excision.
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et al. (29,46) suggested computed tomography colonography 
(CTC) should be done to select patients for FLEX. In their 
study, CTC correctly identified the location of the lesions 
in relation to the mesenteric border in all patients. CTC 
was also good for the assessment of the maximum diameter 
of the lesion and the circumferential extent of colonic wall 
involvement. 

CAL-WR 

CAL-WR is another approach of local full-thickness 

resection for benign colorectal polyps with combined 
laparoscopic and endoscopic techniques. CAL-WR is 
particularly suitable for caecal polyps where the bowel wall 
is too thin for EMR/ESD and the size of caecum can easily 
accommodate a wedge resection without carrying risk of 
stricture. CAL-WR is technically much simpler than LACP 
and can be performed when LACP or FLEX failed. 

As with FLEX, part of the colon, where the polyp is 
located, is mobilized laparoscopically to ensure tensionless 
during the procedure. Colonoscope is intubated to confirm 
location the polyp and monitor adequate surgical margins 
when full-thickness wall excision is performed using a linear 
stapler from laparoscopic side. Advancing the endoscope 
beyond the affected segment serves as a guidance and 
prevent stricture during resection (30,31). It is important 
to check the patency of the residual lumen by colonoscopy 
before stapling off the polyp. For caecal polyps, passing the 
colonoscope into the terminal ileum helps to protect the 
ileocecal valve when the stapler clamping across the cecum. 
The specimen will be placed in a bag and retrieved via one 
trocar site (Figure 4). 

Leicher et al. (32) made a small modification of 
CAL-WR, which they called limited CAL-WR. After 
colonoscopic localization of the lesion, they placed a suture 
laparoscopically through the base of the polyp under 
endoscopic visualization. The lesion was then excised 
tangentially with a linear stapler with the colonic wall 
lifted up by applying traction on the suture. The procedure 
was successfully performed in 12 patients with polyps not 
limited to caecum but also at sigmoid, transverse colon, 
hepatic or splenic flexure.

CAL-WR is technically less demanding and without 

A B

Figure 3 Laparoscopy-assisted endoscopic FLEX for lesions close to mesentery. (A) A small colotomy is made under colonoscopic guidance; 
(B) the lesion is retracted and resected by laparoscopic dissection. The colotomy is then closed by laparoscopic sutures or linear stapling. 
FLEX, full-thickness excision.

Figure 4 Colonoscopy-assisted laparoscopic wedge resection. After 
mobilization of the caecum, full-thickness excision is performed 
using a linear stapler. 
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many complex procedures compared to LACP or FLEX. 
Giavarini et al. (31) and Leicher et al. (32) both reported 
100% successful rate for CAL-WR in their studies. 
Operation time was shorter than LACP, ranging from 
40–170 min. The risks for CAL-WR was much less than 
laparoscopic segmental colectomy (LSC). No intraoperative 
or postoperative complications was reported in several 
small-case studies. In a large cohort study including 
146 patients underwent CLES and half of the patients  
(72 cases) underwent CAL-WR, the authors reported 2 
cases of delay bleeding after operation which warranted 
surgical intervention, however they did not report the exact 
procedures performed in patients with complications (18). 
The hospital stay after CAL-WR was short, ranging for 
1–5 days (30-32). As CAL-WR is full thickness excision, 
most authors had not reported any local recurrence at 
follow up colonoscopy. Wilhelm et al. (18) reported only 
one case (0.9%) out of 156 patients who had been primarily 
converted to open resection because of incomplete laparo-
endoscopic resection found to have local recurrence, in a 
follow-up of 2.9 (±2.3) years. 

Endoscopic-assisted laparoscopic segmental 
resection (EAL-SR)

For malignant polyps or those with huge diameter or 
located at mesenteric side, the methods mentioned above 
might not be suitable, and laparoscopic or open segmental 
resection is usually performed. Intraoperative endoscopy 
facilitates lesion localization and determination of extent 
of colonic resection. Studies have demonstrated good 
outcomes of this method without increasing conversion 
rate, operation time, or hospital stay (47,48). When 
the polyp is suspicious of malignancy by intraoperative 
colonoscopy assessment, CELS should be converted to 
EAL-SR for oncological radical resection.

Conclusions

With recent advancement in laparoscopic and endoscopic 
equipment and techniques, there are different surgical 
techniques for excision of benign colonic polyps without 
mandatory need of segmental colectomy. Combined 
endoscopic and laparoscopic techniques can achieved 
complete resection of many “difficult colonic polyps” 
with low intraoperative or postoperative complications. 
Nonetheless, there is no consensus on the indications and 
types of CELS procedures to be performed. Yan et al. (30) 

proposed a list of 15 criteria used in their center to assess 
the subgroup of patients who will be suitable for CELS for 
benign right colonic polyps, including: large or difficult 
anatomic location of right colonic polyps, size ≤5 cm; BMI 
≤35; no emergency patients with obstruction or perforation; 
no IBD that needs surgery; no other abdominal malignant 
disease; no previous major abdominal surgeries, and so on. 
For benign polyps not suitable for endoscopic resection, 
if a patient fulfills the criteria, clinicians should consider 
CELS as treatment of choice before segmental colectomy. 
The choice of CELS largely depends on the features of the 
polyp, and the technical skills of surgeons and endoscopists. 
For polyps suspicious of invasive malignancy, segmental 
colectomy with lymph nodes dissection remains the 
preferred oncological radical treatment. 
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