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and Other Interventional Techniques

Combined endoscopic and laparoscopic surgery may be
an alternative to bowel resection for the management of colon
polyps not removable by standard colonoscopy
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Abstract
Background Benign colon polyps may require bowel
resection if endoscopic polypectomy cannot be performed to
assess adequately for cancer. However, endoscopic removal
still may be possible using combined endoscopic and laparoscopic surgery (CELS). The CELS procedure allows for
intra- and extraluminal manipulation of the bowel wall to
facilitate polyp removal, thereby avoiding bowel resection.
This study evaluated the authors’ institutional experience
with CELS in this patient population.
Methods Between August 2008 and October 2012, all
patients referred to undergo surgery for a benign colon polyp
were retrospectively reviewed for operative characteristics,
pathology, and postoperative outcomes. Of 14 patients, five
were considered candidates for CELS and were compared
with nine patients who underwent resection.
Results The average patient age was similar between the
two groups (CELS, 64.9 years vs. resection, 68.3 years).
The mean polyp size was 2.3 cm in the CELS group and
2.9 cm in the resection group. In the CELS group, polyps
were successfully removed in all cases. The mean operating room time was 159 min in the CELS group and
205 min in the resection group. The median hospital stay
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was 1 day in the CELS group and 5 days in the resection
group. No complications occurred in the CELS group. Two
patients in the resection group (22 %) experienced a wound
infection. One patient had a postoperative ileus (11 %).
Four patients in the CELS group had a benign adenoma.
One patient had a benign frozen section evaluation, but the
final pathology showed adenocarcinoma requiring a subsequent colectomy. In the resection group, six patients had
a benign adenoma, and three patients had a T1N0 cancer.
In the CELS group, repeat endoscopy was performed an
average of 9.9 months after CELS. Two patients had a
residual polyp, and two patients had new polyps in a different location. All were successfully removed.
Conclusion For benign-appearing polyps not amenable to
endoscopic techniques alone, CELS may be an alternative
to formal bowel resection for carefully selected patients.
The CELS procedure can be performed safely with minimal morbidity and with outcomes that compare favorably
with those of formal colectomy.
Keywords CELS  Colon polyp  Combined endoscopic 
Laparoscopic surgery

Benign-appearing colonic polyps that cannot be removed
by conventional endoscopic techniques typically are
referred for surgical resection, mainly due to the risk of
cancer, estimated at roughly 15 % in this subset of patients
[1]. Although generally safe, a segmental colectomy is
associated with risks that include wound infection, anastomotic leak, and stoma formation. Furthermore, a large
percentage of patients undergoing colectomy for this
indication actually will not have cancer.
Combined endoscopic–laparoscopic surgery (CELS) has
recently been described as an alternative method for
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addressing these polyps without the need for a formal
bowel resection [2]. The technique involves a hybrid,
multiteam approach in which endoscopic polypectomy is
facilitated with laparoscopic techniques in the operating
room (Fig. 1).
Polyps that cannot be removed endoscopically typically
are large or in an anatomically difficult area that is inaccessible, such as behind a mucosal fold or where attempted
removal may risk bowel perforation. External manipulation
of the bowel wall with laparoscopic instruments may
improve the likelihood of endoscopic removal (Fig. 2), and
direct laparoscopic visualization of the bowel wall can
enable identification and treatment of full-thickness injuries caused by endoscopic polypectomy.
Using the CELS approach, we evaluated our institutional experience in the management of colonic polyps that
were not removable using standard endoscopic techniques
and those that were initially referred to our institution for
surgical resection. We demonstrated that for selected
patients, CELS is feasible and safe, enhancing our ability to

Fig. 1 Illustration of combined endoscopic-laparoscopic surgery
(CELS)
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Fig. 2 CELS allows for extraluminal bowel wall manipulation and
repair
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perform endoscopic polypectomy and avoid bowel resection for a large majority of these patients.

Methods
In this retrospective, nonrandomized, single-institution
study, all patients referred to the Section of Colorectal
Surgery at the Ronald Reagan UCLA Medical Center for
surgical resection of a benign colon polyp from August
2008 to October 2012 were reviewed. Medical records
were reviewed for age, polyp size and location, operative
characteristics, pathology, hospital stay, postoperative
outcomes, and follow-up endoscopic results. The study was
approved by the University of California at Los Angeles
(UCLA) institutional review board through the Office of
the Human Research Protection Program.
Patients were considered candidates for CELS based on
previously established selection criteria [2], which specified a large polyp not removable by an experienced
endoscopist, previous endoscopic biopsies that were benign
or demonstrated only high-grade dysplasia (no carcinoma
present), an endoscopic appearance consistent with a
benign polyp, and surgery performed on an elective basis.
The CELS group was compared with patients not considered candidates for CELS who underwent resection
(resection group).
Informed consent was obtained from all the patients
after a careful discussion about the risks and benefits of the
CELS approach, which currently is not considered standard
therapy. Included in the discussion was the risk that cancer
may be present in the polyp (*15 %), the need for followup endoscopic surveillance, the potential need for laparoscopic repair of the bowel wall or a bowel resection if
endoscopic polyp removal was not possible, and the need
for surgical resection at a later date if the frozen section
analysis was not consistent with the final pathology.
The surgical procedure was performed in the following
fashion. After establishment of general endotracheal
anesthesia, a urinary catheter and orogastric tube were
placed. The patient was placed in modified lithotomy
position with appropriate padding and then prepped and
draped in the usual sterile fashion.
Pneumoperitoneum was established, and the peritoneal
cavity was carefully inspected. With the endoscopist
standing between the legs of the patient, a colonoscopy
then was performed using carbon dioxide (CO2) as the
insufflating gas. The polyp was identified and carefully
examined. The involved segment of bowel often required
laparoscopic mobilization with release of lateral, omental,
or retroperitoneal attachments to allow for adequate visualization and external manipulation of the bowel wall.
Endoscopic polypectomy then was performed using saline
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lift techniques and snare polypectomy, with laparoscopic
visualization, and manipulation of the serosal surface of the
colon wall as needed.
After completion of the polypectomy, a frozen section
analysis was performed. If the frozen section analysis was
consistent with adenocarcinoma, a formal bowel resection
was performed. Otherwise, the bowel wall was carefully
inspected and repaired if any bowel wall injury was
detected.
For patients who underwent a CELS polypectomy, follow-up surveillance typically was performed within the
next 6–12 months to evaluate for complete removal of the
polyp. Additional follow-up assessment was dependent on
the previous endoscopic findings.

Table 1 Demographics, intraoperative and post operative data
CELS group

Resection group

n
Average patient age:
years (range)
Mean polyp size: cm
(range)
Mean OR time: min
(range)
Median LOS: days
(range)
Complications

5
64.9 (46–79)

9
68.3 (30–82)

2.3 (1–4)

2.9 (1.5–5.2)

159 (60–218)

205 (121–373)

1 (1–4)

5 (3–8)

None

Pathology

1. TA, no HGD
2. TVA, no HGD
3. AdenoCa; no
residual (0/12 LN)
4. TVA, no HGD
5. VA, no HGD

Wound
infection 9 2
Ileus 9 1
1. T1N0 (0/15 LN)
2. TVA, no HGD
3. T1N0 (0/22 LN)

Results
Of the 14 patients referred for surgery, five were considered candidates for CELS based on the endoscopic
appearance. The polyp had to appear grossly benign and
unresectable by current endoscopic methods. The indications for CELS included polyps that spanned a mucosal
fold (n = 3) and large or complex polyps (n = 2). The five
patients who underwent CELS had polyps located
throughout the colon including the cecum (n = 1), hepatic
flexure (n = 1), transverse colon (n = 2), and sigmoid
colon (n = 1). The CELS group was compared with the
nine patients who underwent resection.
The average patient age was similar in both groups
(CELS group, 64.9 years; range, 46–79 years vs. resection
group, 68.3 years; range, 30–82 years). The mean polyp
size was 2.3 cm (range, 1–4 cm) in the CELS group and
2.9 cm (range, 1.5–5.2 cm) in the resection group
(Table 1).
In the CELS group, polyps were successfully removed
in all cases, and frozen section analysis was routinely
performed. The polyps were preoperatively tattooed in four
of the five CELS patients. One patient with a polyp adjacent to the ileocecal valve was not tattooed. Laparoscopic
mobilization to visualize the bowel wall was required for
two of the five patients. One of these patients also required
laparoscopic manipulation of the bowel wall to facilitate
endoscopic polypectomy, together with subsequent repair
of the bowel wall due to the presence of pneumatosis seen
during snare polypectomy.
The mean operating room time was 159 min (range,
60–218 min) in the CELS group compared with 205 min
(range, 121–373 min) in the resection group. The median
hospital stay was 1 day (range, 1–4 days) in the CELS
group compared with 5 days (range, 3–8 days) in the
resection group. No complications or deaths occurred in the
CELS group, whereas in the resection group, two patients

4.
5.
6.
7.
8.
9.

VA, no HGD
TA, no HGD
TVA, no HGD
TVA adenoma
Sessile serrated
T1N0 (0/22 LN)

CELS combined endoscopic and laparoscopic surgery, OR operating
room, LOS hospital length of stay, TA tubular adenoma, HGD highgrade dysplasia, LN lymph node, TVA tubulovillous adenoma,
AdenoCa adenocarcinoma, VA villous adenoma

(22 %) experienced a wound infection, and one patient
(11 %) had a postoperative ileus.
In the CELS group, pathology demonstrated an adenoma
in four patients without high-grade dysplasia or cancer.
One patient had a benign intraoperative frozen section
evaluation, but the final pathology 1 week later showed
adenocarcinoma, and a sigmoid colectomy was subsequently performed. The final pathology demonstrated no
residual cancer and no involved lymph nodes (0/12).
In the resection group, six patients had a benign adenoma without high-grade dysplasia or cancer. Three
patients had a T1N0 adenocarcinoma (0/15, 0/22, and 0/22
lymph nodes).
In the CELS group, repeat endoscopy was performed for
four of the five patients an average of 9.9 months (range,
3.3–15.6 months) after CELS. Two patients had residual
polypoid tissue at the polypectomy site, and two patients
had new polyps in a different location. All were successfully removed.

Discussion
Minimally invasive surgical techniques continue to evolve
in an effort to treat patients more effectively with less
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trauma and minimal morbidity. For patients with benignappearing colonic polyps not removable by traditional
endoscopic techniques, CELS appears to be a reasonable
alternative for the management of these polyps without the
need for a formal bowel resection, which has been the
standard approach. The CELS procedure allows for
aggressive endoscopic removal because the bowel wall can
be carefully manipulated, inspected, and repaired if necessary, laparoscopically.
Our study is the first to compare the outcomes for
patients who underwent CELS directly with those for
patients who underwent a formal bowel resection. Our early
experience with CELS demonstrates successful polyp
management and good surgical outcomes with minimal
morbidity, together with a significantly shorter hospital stay
than experienced by patients who underwent colectomy.
This study also is the first to provide information about
what percentage of patients referred to undergo surgery for
a benign polyp actually may benefit from CELS. Of the 14
patients referred to our institution for segmental resection,
five (35 %) were considered candidates for CELS, and all
five patients underwent a successful polypectomy. Our data
suggest that the adoption of this technique has the potential
to have an impact on a relatively high percentage of these
patients.
The feasibility of intraoperative endoscopy has been
demonstrated in a number of studies [2–5]. However,
combining surgical procedures with conventional colonoscopy, which uses room air for insufflation, was technically difficult in the past because bowel distention from the
endoscopic procedure obscured laparoscopic visualization,
even when the proximal bowel was occluded to minimize
intestinal distention. Fortunately, this problem is now
avoided with the use of CO2 rather than room air as the
insufflating gas for the endoscopic procedure.
Use of CO2 for endoscopic procedures has been well
described and shown to be a safe and effective alternative to
the use of room air, resulting in less abdominal distention
and decreased postprocedural discomfort [6–8]. This lack of
persistent bowel distention occurs because CO2 is absorbed
considerably faster than room air. It enters the colonic
venous circulation and later is removed from the body via
the lungs. This rapid absorption of CO2 and the resultant
lack of bowel distention obviates the need to clamp the
bowel during CELS [4], permitting laparoscopic and
endoscopic procedures to be performed simultaneously.
Currently, the major limitation to this approach involves
evaluation of the polyp for the presence of malignancy
after polypectomy. At our institution, frozen section evaluation adds at least 30 min to the CELS operative procedure time and may not be consistent with the final
pathologic evaluation, as seen once in this study. However,
this is a known risk when a CELS approach is attempted.
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Patients must understand that the risk of invasive cancer is
roughly 15 % [1] and that a discrepancy may exist between
the frozen section and the final pathologic evaluation,
which may necessitate a subsequent bowel resection. In
fact, the incidence of invasive cancer in this study was
28 % (4/14).
A careful preoperative discussion with the patient outlining the operative approach together with the potential
need for additional surgery at a later date is extremely
important as part of the informed consent process. In the
future, our outcomes with this technique may improve as
newer endoscopic imaging methods such as in vivo confocal
laser endomicroscopy combined with narrow-band imaging
may better differentiate benign from malignant polyps [9].
Our study had several limitations. It was a retrospective,
nonrandomized, single-institution study involving a small
number of carefully selected patients. Additionally, a more
standardized postoperative endoscopic surveillance program would provide better long-term follow-up data.
Despite these limitations, the results of this study are
compelling, and a prospective, multi-institutional study
examining the use of this approach would be valuable for
better characterization of its potential impact on surgical
therapy. The CELS procedure is an emerging surgical
technique with many potential applications that may
improve surgical outcomes for selected patients. Endoluminal approaches continue to evolve, and use of CELS
should be considered for appropriate cases.
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