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ABSTRACT

Background: Not all benign-appearance polyps are ame-
nable to endoscopic removal and colectomy is required
in some cases. This study aims to compare the early out-
comes of cecal wedge resection with ileocecal valve spar-
ring versus standard right colectomy in patients with
endoscopically unresectable cecal polyps referred for sur-
gery.

Methods: From Apr 2010 to Aug 2019, all consecutive
patients who underwent cecal wedge resection or right
colectomy in ten European centers for a presumed endo-
scopically benign polyp unsuitable for endoscopic resec-
tion were retrospectively analyzed. The primary endpoint
was morbidity. Secondary endpoints were operative time
and length of hospital stay.

Results: One hundred and ten patients were included:
25 patients underwent cecal wedge resection and 85 a
right colectomy. There were 56 men (51%) and 90% of
the procedures were performed laparoscopically. 29
lesions were located at the appendix orifice (26.4%).
Mortality was nil. There were no significant differences
between both procedures for morbidity rate (20% versus
24.7%) or reoperation (4% versus 4.7%). Cecal wedge
was related to shorter operative time (63min versus
150min, P = .008) and shorter hospital stay (5 days versus
6 days, P = .049). Only 1 patient had a salvage right colec-
tomy after cecal wedge for a pTis adenoma.

Conclusions: For benign-appearance cecal polyps
unsuitable for endoscopic ablation, cecal wedge resec-
tion is safe and should be considered as an attractive al-
ternative to right colectomy.
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INTRODUCTION

The widespread use of colonoscopy screening has dra-
matically increased the rate of detection of colorectal pol-
yps, which resulted in the reduction of mortality from
colorectal cancer observed in recent decades.1 The risk of
unexpected invasive cancer incidentally found after endo-
scopic polyp ablation is accepted to be considerably low
(approximately 2% to 5%) and provides the rationale for
the endoscopic resection of these lesions.2–4

Not all premalignant colorectal lesions are amenable to
endoscopic removal and some characteristics, such as
size, morphology, or location of the polyp can make en-
doscopic ablation hazardous despite the development of
new techniques.5,6 This is particularly true for difficult an-
atomical situations such as the appendix orifice or for
large flat cecal lesions.6,7 In these situations, the patient is
referred to surgeon for colorectal resection, and a stand-
ard “oncologic” or radical segmental resection is often the
only treatment offered.8–11

For those polyps located adjacent to the appendix orifice
or at the bottom of the cecum, a limited full-thickness wall
resection has been previously described.12 Although it is a
sound alternative that spares the ileocecal valve, literature
is scarce and includes small case series and only one
study comparing it with standard right colectomy.13

The aim of this large retrospective study was to compare
early surgical outcomes of cecal wedge resection and
right colectomy for endoscopically benign polyps unsuit-
able for endoscopic ablation and referred to surgeon.

MATERIALS AND METHODS

Study Population

Patients with cecal polyps considered unsuitable for en-
doscopic resection and referred to ten European surgical
departments over a nine-year period were retrospectively
reviewed. Cecal wedge was performed by five centers
(four in France and one in Germany). A surgical coopera-
tive French scientific group approved the design of this
study: Fédération de Recherche en Chirurgie (FRENCH).
The inclusion criteria were age over 18 years, and polyps

were located in the cecum and at least 1 cm apart from the
ileocecal valve. Patients were excluded if they had (at the
discretion of the gastroenterologist) polyps suspected on
colonoscopy to harbor invasive adenocarcinoma previ-
ously to surgery. The study protocol was approved by the
Paris Saclay Ethics Commitee (CER Polethis number 225).

Collected data included age, sex, body mass index (BMI),
American Society of Anesthesiologists (ASA) grade, polyp
location (appendix orifice or cecum), previous abdominal
surgery, operative approach (laparoscopy or open), opera-
tive time, intraoperative complication, final pathology results
(size of the polyp in mm, resection margins, presence of
any invasive component [considered if�T1sm1]), estimated
blood loss (EBL), conversion to laparotomy, reoperation,
length of stay (LOS), readmission (within 30days after sur-
gery). Postoperative morbidity was defined as any complica-
tion developing within 30days and was graded according to
the Clavien–Dindo classification. Major complications were
classified as those requiring surgical, endoscopic or radio-
logical intervention (Clavien–Dindo grade III) or intensive
care management (grade IV).14

Surgical Procedures

Bowel preparation, patient’s placement, surgical approach,
and trocars’ position depended on each center’s discretion.
The technique of cecal wedge resection did not differ from
previously described articles.12,13,15 Briefly, the cecum was
identified and mobilized from the lateral abdominal wall
and freed from the retroperitoneum. The mesoappendix
was divided according to the surgeon’s preferred technique.
Cecal wall was divided distal to the ileocecal valve using a
linear stapler. Reinforcement suture on the staple-line
depended on the surgeon’s preference. Macroscopic evalua-
tion of the cecal wedge specimen by the surgeon was sys-
tematically performed, whereas frozen section analysis
depended on the surgeon’s discretion. Right colectomy was
performed following oncological principles with division of
the feeding vessels at their origin. Type of anastomosis
(intra- or extracorporeal) and drainage were not evaluated.

Statistical Analysis

The primary endpoint was morbidity. Secondary end-
points were operative time and length of hospital stay.

Categorical variables were compared between groups using
a x 2 test or Fisher’s exact test whenever appropriate.
Continuous variables were compared between groups using
a t test or Mann-Whitney U test when the variable was not
normally distributed. Normality was assessed using the
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Shapiro-Wilk test. Univariate and multivariate analysis
(including only variables with P � .2 in univariate analysis)
were used to identify factors related to postoperative com-
plications. A P < .05 was considered statistically significant.
Statistical analyzes were performed on R version 30.60.1.

RESULTS

A total of 110 patients were referred to surgery from Apr
2010 to Aug 2019. Cecal wedge resection was performed
in 25 patients (220.7%) and right colectomy (RC) in 85.
Demographics are summarized in Table 1. There were no
differences between the two groups for age, sex, BMI,
previous abdominal surgery, ASA score, or surgical
approach. Cecal wedge resections were more often per-
formed for appendix orifice polyps (52% versus 19%,
P < .001). Location of the polyp was the commonest rea-
son for declining endoscopic polypectomy (n = 19, 76%),
whereas size (� 30mm) contraindicated polypectomy in
6 patients. The median size of the polyp was greater in
the RC group although it was not statistically significant
(20mm versus 25mm; P = .09).

There was no differences in overall and severe complica-
tion rates (20% versus 240.7%, P = .63 and 4% versus
50.9%, P =1, respectively). One patient had a severe

complication (Clavien-Dindo grade 3 fistula, requiring
readmission and a total of 9 days in hospital) after wedge
resection. As expected, right colectomy was associated
with a longer operative time (63minutes versus
150minutes; P = .008) and longer LOS (mean, 5 days versus
6 days; P = .049). Estimated blood loss was slightly greater
after right colectomy (median, 15mL (0–200) versus 50mL
(0–300), P = .30) There were no differences regarding both
reoperation and readmission. Intraoperative and early post-
operative outcomes are shown in Table 2.

Cecal wedge resection was completely performed by lapa-
roscopy in 21 patients (84%), and 3 (12%) patients had only
laparoscopic cecal mobilization with bowel resection being
performed through a small laparotomy after digital palpa-
tion confirmed the possibility of preserving the ileocecal
valve. Right colectomy was performed laparoscopically in
75 (880.2%) patients among whom 3 (4%) needed conver-
sion to open surgery because of bowel perforation (n=2),
or bleeding (n=1).

Univariate and multivariate analysis of risk factors for post-
operative complications showed only operative time to be
associated with postoperative complications (Table 3).

Among the 25 patients who underwent a cecal wedge at
first intention, only 1 (4%) required a complementary

Table 1.
Demographics

Cecal Edge
Resection (n = 25)

Right Colectomy
(n= 85)

All Patients
(n = 110) P-value

Age, years, mean, range 65, 8 (45–83) 67, 8 (39–90) 67, 3 0.42a

Sex, n, % 0.43b

Men 11 (44%) 45 (52, 9%) 56 (50, 9%)

Women 14 40 54

BMI, Kg/m2, median, IQR 27, 7 (24, 3–29) 25, 7 (21, 7–28, 9) 25, 8 (22, 8–29) 0.19c

Previous abdominal surgery, n, %
Yes
No

14 (56%)
11

49 (59, 8%)
33

63 (58, 9%)
44

0.74b

Location of the polyp, n, %
Cecum
Appendix orifice

12 (48%)
13

69 (81, 2%)
16

81 (73, 6%)
29

<0.001b

ASA score, n, %
1–2
3–4

17 (81%)
4

58 (71, 6%)
23

75 (73, 5%)
27

0.39b

Surgical approach, n, %
Open
Laparoscopy

1 (4.0%)
24

10 (11.8%)
75

11 (10.0%)
99

0.45d

BMI, body mass index (Kg/m2); ASA, American Society of Anesthesiologists; EBL, estimated blood loss.
Statistics: aStudent’s t test; bx 2 test; cMann-Whitney U test; dFisher’s exact test.
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right colectomy after a frozen section was suspected of
the presence of an invasive adenocarcinoma that finally
turned out to be a carcinoma in situ (Tis). The final pa-
thology report confirmed that all patients (including the
one who had a right colectomy) operated by cecal
wedge resection had free resection margins and nonin-
vasive (�Tis) lesions. Among the 85 patients who
underwent a right colectomy, final pathologies reported
the presence of an invasive component in 17 patients
(20%).

DISCUSSION

In this large multicentric retrospective series, cecal wedge
resection allowed transmural polyp excision with free
resection margins. Compared to the right colectomy, the
morbidity rate was not significantly different, whereas op-
erative time and hospital stay were significantly lower. No
invasive malignancies were identified after cecal wedge
resections. Based on these findings, cecal wedge resection
may be considered an option for selected patients with

benign appearance cecal polyps unsuitable for endo-
scopic resection.

Several authors have described limited resection for pol-
yps located in the cecum and adjacent to the appendix
orifice termed “cecal wedge resection,”15,16 “partial cecec-
tomy,”13 or “radical appendectomy”.12 All are single center
series,12,13,15,16 and only the study of Kulaylat et al13 com-
pared the outcomes with those undergoing oncologic
resections. Noteworthy, in all four previously published
series, there were no invasive (�pT1) adenocarcinomas
after cecal wedge resection that required a complemen-
tary oncologic resection.

One potential drawback of cecal wedge resection is the
risk that it does not encompass the polyp into the resected
specimen. Kulaylat et al13 converted 2 out of 19 patients to
right colectomy because the polyp was missing in the
specimen. It has been proposed the additional use of intra-
operative colonoscopy,16 which could theoretically pro-
vide the benefit of localizing the polyp and confirming
macroscopic free margins. However, intraoperative

Table 2.
Intraoperative Characteristics, Early Postoperative Outcomes, and Main Pathological Characteristics

Cecal Edge
Resection (n = 25)

Right Colectomy
(n = 85)

All Patients
(n = 110) P-value

Intraoperative complications, n, %
Yes
No

2 (8%)
23

3 (3.5%)
82

5 (4.5%)
105

0.32a

EBL, mL, median, range 15 (0–200) 50 (0–300) 50 (0–300) 0.305b

Operative time, min, median, IQR 63 (43–146, 25) 150 (120–186) 140 (110–181) 0.008c

Overall complications, n, %
Yes
No

5 (20%)
20

21 (24.7%)
64

26 (23.6%)
84

0.63d

Severe complications, n, %e

Yes
No

1 (4%)
24

5 (5.9%)
80 (94.1%)

6 (5.4%)
104

1a

Reoperation, n, %
Yes
No

1 (4%)
24

4 (4.7%)
81

5 (4.5%)
105

1a

Rehospitalisation, n, %
Yes
No

3 (12%)
22

5 (5.9%)
80

8 (7.3%)
102

0.38a

LOS, days, median, IQR 5 (4–6) 6 (5–8) 6 (4–7, 75) 0.0496c

Invasive componentf, n, %
Yes
No

0 (0%)
25

17 (20%)
68

17 (15.5%)
93

0.011d

Size of the polyp, mm, median, IQR 20 [11–29) 25 (15–32) 25 (15–32)] 0.09c

EBL, estimated blood loss; LOS, hospital length of stay.
Statistics: aFisher’s exact test; bStudent’s t test; cMann-Whitney U test; dx 2 test.
eClavien-Dindo �3; fadenocarcinoma � T1 on final pathological report.
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colonoscopy prolongs operative time and necessitates me-
chanical bowel preparation. Also, opposite to American
and English surgeons that usually perform colonoscopy
themselves, French digestive surgeons have limited experi-
ence with endoscopy. In the present series, one patient
was converted to right colectomy because the frozen sec-
tion suspected the presence of an invasive adenocarci-
noma. Final pathology, however, showed a pTis lesion
and cecal wedge would be adequate treatments.

A number of authors recommend laparoscopically assisted
colonoscopic polypectomy (LACP).17,18 In this approach,
the affected bowel segment is first mobilized laparos-
copically, and polypectomy performed endoscopically
under laparoscopic control or through a small colotomy.
The only available randomized controlled trial compar-
ing LACP with laparoscopic right colectomy did not
show any difference in complication rates, although, as
expected, LACP resulted in a significantly shorter hospi-
tal stay.18 Moreover, the ability of LACP to adequately
retrieve difficult polyps is limited by a number of factors
mostly related to location, for example, the proximity of
the polyp to the appendix lumen and/or the ileocecal
valve.18 Also, colotomy exposes the patient to an
increased risk of organ-space surgical site infection or
peritoneal dissemination of cancer, should it be pres-
ent.18 Finally, unlike cecal wedge resection, because of
the risk of potential recurrence of polyps, surveillance
colonoscopy is necessary.19–21

One possible disadvantage of cecal wedge resection is that
an additional procedure will be required in the event an
invasive cancer is found on final pathologic examination.
Factors commonly associated with malignancy include left

side location,22,23 villous architecture,24 high-grade dyspla-
sia,22–24 and advanced patient age.24 Therefore, the risk of
unsuspected malignancy in cecal polyps, and particularly
those adjacent to the appendix orifice, is likely to be lower
than typically observed in endoscopically unresectable
lesions.

Degenerated polyps can be treated successfully by endo-
scopic resection in case of Tis adenomas. For pT1 adeno-
carcinomas (submucosal invasion), endoscopic resection
alone is considered enough only if various criteria are ful-
filled, including complete endoscopic excision, submuco-
sal invasion < 1000mm if sessile or flat lesion or limited to
the upper one-third of the polyp stalk if pedunculated
(Haggitt 1, 2 and some Haggitt 3), lesion-free resection
margins, well or moderate differentiation of the cancer
cells, no lymphatic or venous invasion, and the absence
of budding.25 In the absence of one of the above criteria,
salvage surgery is highly advisable. However, Benhaim et
al26 showed that salvage surgery was performed in nearly
three-quarters of patients because of a resection margin of
< 1mm. Indeed the main indication for salvage surgery
was thus more technical than pathological in most
patients. Herein, cecal wedge resection allows for an
adequate histopathology report and would be able to
avoid unnecessary radical surgery.

Endoscopic resection of cecal polyps involving the ap-
pendix orifice is challenging. Several reasons have been
pointed out, such as the narrowness of the appendix ori-
fice lumen that hampers clear observation of the lateral
margin of the tumor, the technical difficulty to obtain a
vertical approach to the lesion with endoscopic devices,
which indeed carries a high risk of perforation, and the

Table 3.
Uni- and Multivariate Analysis of Risk Factors for Postoperative Complications

Univariate Multivariate

Odds Ratio P Odds Ratio P

Age 1.03 (0.99–1.08) 0.13 1.03 (0.98–1.08) 0.28

Sex (man) 1.43 (0.59–3.54) 0.43

BMI, Kg/m2 1.03 (0.95–1.13) 0.43

Previous abdominal surgery 0.94 (0.38–2.34) 0.89

ASA (1/2 vs 3) 0.90 (0.30–2.49) 0.85

Surgical approach (lap vs open) 0.81 (0.21–3.91) 0.71

Type of procedure (RC vs wedge) 1.31 (0.46–4.33) 0.63

Operative time, min 1.01 (1.00–1.02) 0.01 1.01 (1.00–1.02) 0.02

BMI, body mass index (Kg/m2); ASA, American Society of Anesthesiologists; lap, laparoscopy; RC, right colectomy.
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absence of a muscle layer, which increases the risk of
complications.27 Song et al28 published a large series of
endoscopic resections involving the appendix orifice.
Complete resection rate was barely 68%, bleeding
occurred in 13% of patients, and the perforation rate was
10.5%. Moreover, for polyps larger than 20mm, piecemeal
resection was needed in 6 50%, whereas recurrence
(6 20%) and complications (39%) were frequent.28

Noteworthy, the presence of adenocarcinoma invading
the submucosa was extremely rare (< 1%).28

A recently published systematic review on the outcomes
of surgical resection for benign colon polyps found a sub-
stantial risk of postoperative morbidity (24%), severe com-
plications (0% to 10.1%), and surgical reinterventions (0%
to 8.9%), which are most likely related to the extent of sur-
gical resection and patients’ characteristics, rather than
specific polyp features.19 A recently published snapshot
study from the European Society of Coloproctology found
70.4% anastomotic leak, 38% morbidity, and 20.4% mor-
tality rate after right colectomy, which contradicts the
common belief that this procedure is the “simplest” colo-
rectal major one.29

Functional outcome after rectal resection has been well
described but these results are not transferable to patients
undergoing colonic resection because different patho-
physiological mechanisms are probably responsible for
functional disorders after colonic resection,30–32 such as
the reduced capacity of water absorption or the reduced
absorption of biliary acids or bacterial growth in the ileum
in the case of resection of the ileocecal valve in right-side
colectomies. Moreover, functional outcomes are directly
related to experienced quality of life and patients under-
going colon resection frequently request to be fully informed
about the expected functional outcomes.30,32,33

Surgical removal of the ileocecal valve may hamper gas-
trointestinal function.32,33 Magdeburg et al31 showed that
almost half of the patients after right-side resection com-
plained of liquid stool more than once per month, which
was significantly higher than after a left-side resection.
In the study from Ohigashi et al33 patients undergoing
right colectomy exhibited tendency toward soft stool,
higher frequency of nighttime defecation, and decreased
quality of life score compared with those undergoing left
colectomy. Noteworthy, symptoms related to poorer
quality of life were still present more than 2 years after
surgery.33

Our study has some drawbacks mostly related to its retro-
spective nature. Both groups were not completely homo-
geneous since right-side colectomy was performed for

larger polyps and 20% of patients had an invasive compo-
nent, however, it probably does not interfere with the pri-
mary (morbidity) and secondary (operative time and
hospital stay) endpoints. Also, colonoscopy reports were
unavailable and although polyp size measurement at
colonoscopy is usually well correlated with the pathologic
size measurement,22 we did not have access to a detailed
description of the polyp surface and morphology, and
whether or not polyps were assessed with advanced
imaging techniques.19 Finally, functional outcomes could
not be evaluated. However, it is well-grounded to think
that cecal wedge resection is associated with better func-
tional outcomes since it does not modify the gastrointesti-
nal anatomy.

CONCLUSION

For benign polyps it is widely accepted that oncologic col-
ectomy is deemed to be overtreatment with a non-negligible
rate of major complications, mortality, and functional seque-
lae.22,23,33 Thus, for benign-appearance polyps, cecal wedge
should be considered an attractive option, for as much it
allows complete transmural resection and consequently pre-
cise pathology report while it allows ileocecal valve sparing,
colon preservation, and acceptable surgical morbidity.
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