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Abstract
Background Laparoscopic right hemicolectomy (LRHC) is increasingly performed for the treatment of right colon disease. 
Nevertheless, standardization of the surgical technique regarding the performance of intracorporeal (IC) or extracorporeal 
(EC) anastomosis is lacking. The purpose of this study was to compare short-term postoperative outcomes in patients who 
had laparoscopic right colectomy either with IC or EC.
Methods This was a retrospective, non-randomized and multicenter study conducted from January 2005 to December 
2015 on the CLIMHET study group cohort from five tertiary centers in France. Data were collected for all patients with 
LRHC to compare patient characteristics, intraoperative data and postoperative outcomes in terms of medical and surgical 
complications, duration of hospitalization and mortality. A multivariate analysis was performed to compare the results in 
the two groups.
Results Of the 597 patients undergoing LRHC, 150 had IC and 447 had EC. The incidence of medical complications (car-
diac, vascular, and pulmonary complications) was lower in the IC group than in the EC group (13 vs 20%, p = 0.049). This 
difference remained significant in multivariate analysis after adjusting to field characteristics and patient histories (p = 0.009). 
Additionally, a shorter hospital stay (7 vs 8 days, p = 0.003) was observed in the IC group as compared to the EC group. 
This difference remained significant in favor of the IC group in multivariate analysis (p = 0.029). There was no difference 
between the groups as regards: surgical complications (p = 0.76), time of mobilization (p = 0.93), reintervention rate (p = 1) 
and 90-day mortality (p = 0.47).
Conclusions Our results show that IC anastomosis in LRHC is associated with fewer medical complications and shorter 
hospital stays compared to EC anastomosis.

Keywords Intracorporeal · Extracorporeal · Anastomosis · Colectomy · Outcome

 * B. Le Roy 
 leroybertrand8@gmail.com

1 Department of Digestive Surgery, Service de Chirurgie 
Digestive Et Hépato-Biliaire, CHU Estaing, 2, Place Lucie 
Aubrac, 63000 Clermont-Ferrand, France

2 Department of Emergency and Organ Transplantation, 
Azienda Ospedaliero-Universitaria, Bari, Italy

3 Hepato-Biliary and Pancreatic Surgical Unit, IRCAD-IHU, 
University of Strasbourg, Strasbourg, France

4 Department of Digestive Surgery, Hepato-Pancreato-Biliary 
Surgery, and Liver Transplantation, Henri-Mondor Hospital, 
AP-HP, Créteil, France

5 Biostatistics Department, Henri Mondor Hospital, Assistance 
Publique Hôpitaux de Paris, Créteil, France

6 CEpiA EA7376, DHU Ageing-Thorax-Vessel-Blood, 
Université Paris Est (UPEC), Créteil, France

7 Clinical Research and Innovation Delegation (DRCI), CHU 
Clermont-Ferrand, Clermont-Ferrand, France

8 Department of Digestive Surgery, Georges Pompidou 
European Hospital, Paris, France

9 Medical Department, Emile Roux Hospital, Puy-en-Velay, 
France

http://crossmark.crossref.org/dialog/?doi=10.1007/s10151-020-02202-z&domain=pdf


586 Techniques in Coloproctology (2020) 24:585–592

1 3

Introduction

Laparoscopic right hemicolectomy (LRHC) has gained 
general acceptance and is increasingly performed to treat 
benign and malignant colorectal disease, with oncologi-
cal outcomes comparable to open surgery [1]. LRHC also 
improves postoperative recovery, with less postoperative 
pain, shorter hospital stay and decreased postoperative 
morbidity [1–3]. Nevertheless, standardization of the 
surgical technique for LRHC, in particular regarding the 
intracorporeal or extracorporeal ileocolic anastomosis, is 
lacking. The performance of intracorporeal or extracor-
poreal anastomoses in LRHC can involve broad variations 
of the procedure, ranging from a hand-assisted procedure, 
with hand-assisted dissection and mobilization of the 
specimen, to totally laparoscopic surgery. The first meta-
analyses published, which included heterogeneous studies, 
reported no evidence regarding the benefits of intracor-
poreal (IC) versus extracorporeal (EC) anastomosis after 
LRHC in terms of postoperative morbidity [4]. However, 
more recent meta-analyses, reported a benefit for IC anas-
tomosis concerning postoperative morbidity [5–7]. The 
purpose of the present retrospective, non-randomized, 
multicentric study was to compare the short-term post-
operative results obtained in two homogeneous groups of 
patients undergoing LRHC in tertiary centers using either 
IC or EC anastomoses.

Materials and methods

Patients

The study population was retrieved from the CLIMHET 
Study Group database which included patients LRHC 
between January 2005 and December 2015 in five tertiary 
University Hospital centers in France (Clermont-Ferrand 
University Hospital, Strasbourg University Hospital-
IRCAD, Henri-Mondor Hospital in Créteil, European 
Hospital Georges Pompidou in Paris, and Tours Univer-
sity Hospital). This study was conducted in accordance 
with the ethical principles determined by the Declaration 
of Helsinki. According to French law no formal ethics 
approval was required for this study.

For the present analyses, all patients who had had 
elective LRHC for colon cancer, inflammatory bowel 
disease or polyps located in the ascending colon (from 
the ileocecal valve to the right colonic flexure) were 
included. Patients with synchronous colon cancers, meta-
static disease, locally advanced cancer requiring multi-
visceral resections or who had repeat surgery for a tumor 

recurrence were excluded. Conversion was defined as com-
pletion of the right colectomy procedure through either 
an enlarged incision or an abdominal incision of ≥ 6 cm, 
and when conversion was necessary, the patients were also 
excluded. Two groups were compared: laparoscopic right 
colectomy with IC or EC anastomosis.

The following variables were analyzed: age, sex, body 
mass index (BMI), obesity (BMI > 30 kg/m2), American 
Society of Anesthesiologists (ASA) score, smoking, diabe-
tes mellitus, arteriopathy, coronaropathy, previous laparot-
omy or laparoscopy, American Joint Committee on Cancer 
(AJCC) staging, lesion location (e.g., caecum, ascending 
colon, right colonic flexure (= hepatic flexure), ileocaecal 
valve), operating time, anastomotic characteristics (e.g., 
manual or mechanical anastomosis), perioperative antibiot-
ics, perioperative transfusions, and perioperative intravenous 
fluids.

Endpoints

Postoperative morbidity and mortality were defined as 
events occurring during the hospital stay or within 90 days 
after resection. Short-term outcomes included postoperative 
morbidity according to the Clavien–Dindo classification, 
30-day postoperative severe morbidity (Clavien–Dindo ≥ 3), 
time to first flatus, postoperative ileus, length of hospital 
stay, anastomotic leak, anastomotic bleeding, wound infec-
tion and postoperative mortality [8].

Medical complications included cardiac, vascular, urinary 
and pulmonary events. All complications were assessed by 
a clinician and prospectively registered in the databases at 
discharge or during the first outpatient visit. Surgical com-
plications included ileus, wound infections, anastomotic 
leakage and evisceration. Postoperative outcomes included 
the following: reintervention rate, time to resume a regular 
diet, time to first mobilization, time to flatus, time to the 
first stools, intensive care unit (ICU) stay, overall length of 
hospital stay, and the number of lymph nodes harvested.

Surgical techniques

Two standardized surgical techniques were performed 
and compared: IC and EC anastomosis. During the study 
period, the choice of technique was made according to the 
surgeon’s preference. The learning curve for either of these 
two surgical techniques was considered to be achieved 
after 30 procedures [9]. Under both approaches, the Ver-
ess needle technique was used to create pneumoperito-
neum, and four ports in total were generally employed. The 
placement of the ports was the same for both approaches: 
two 12-mm ports were inserted in the left abdominal wall 
along the pararectal line (symmetrically, one below for 
a 30° camera and the other above the umbilicus) and a 
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10-mm port in median suprapubic position. A 5-mm assis-
tant port was placed in the right hypochondrium (Fig. 1).

The first step consisted of exposing the vascular pedi-
cles of the ileocolic trunk and right colic trunk; the right 
trunk of the medium colic pedicle was then ligated intra-
corporeally. The second step consisted of complete mobi-
lization of the right colon and of the final ileal loop, per-
formed in a medial-to-lateral manner. The Cattell-Braasch 
manoeuver was then performed; this consists in lowering 
the hepatic flexure after the incision of the colo-hepatic 
peritoneum and thus exposing the duodenum [10]. After 
the specimen was completely mobilized, the right colon 
and final ileal loop were transected using a linear stapler.

IC anastomosis

The IC anastomosis was performed using a stapler or 
with 4-0 absorbable sutures and the mesenteric breach 
was closed. The specimen was then completely mobilized 
and freed before extraction. The wound was then protected 
before extracting the specimen.

EC anastomosis

During EC construction of the anastomosis, after the pro-
tection of the abdominal wall, the specimen was extracted 
via an abdominal incision with subsequent extracorporeal 
bowel transsection.

The anastomosis was then performed either with a sta-
pler or manual suture.

In the case of mechanical anastomosis, the enterotomy 
used to introduce the stapler was closed with sutures. An 
abdominal drain was not routinely inserted.

Perioperative management

No preoperative bowel preparation was performed. The 
patients were admitted in the afternoon of the day before the 
procedure. Deep venous prophylaxis with low-molecular-
weight heparin (4000 IU) was started the evening before 
surgery and pursued until the postoperative day (POD) 30. 
Antibiotic prophylaxis with 2 g cefazolin and 500 mg met-
ronidazole was administered before the induction of anes-
thesia. A nasogastric tube was always removed at the end 
if no longer required. The urinary catheter was generally 
removed on POD 1. No spinal anesthesia was associated 
with general anesthesia. Fluids were infused throughout 
the procedure at a rate of 10 ml/kg/h. All the centers were 
experts in enhanced recovery after surgery (ERAS).

Statistical analysis

For descriptive statistics, continuous variables are presented 
as medians (ranges) and categorical variables as numbers 
and percentages. Binary, multimodal and linear regression 
analyses were performed to control the effects of covari-
ates on operative and postoperative outcomes; multivariate 
analyses included those variables which reached a significant 
p value under univariate analysis. In addition, a multivariate 
analysis of demographic, clinical and pathological variables 
was used to identify independent factors associated with the 
incidence of postoperative complications. A p value < 0.05 
was considered to be significant.

Results

Demographic data

A total of 637 patients had LRHC between January 2005 
and December 2015, 40 of whom were converted to open 

Fig. 1   Port positioning during laparoscopic right colectomy
Fig. 2   Flow chart of the study population
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surgery and therefore excluded from this study. Therefore, 
597 patients were included (Fig. 2).

There were 306 males and 291 females with a mean age 
of 69 years (range: 21–96 years). Their mean BMI was 
25.4 kg/m2 (range: 15–45 kg/m2).

The indications for surgery were neoplasm in 451 
cases (75.54%), including 1 patient with a neuroendocrine 
tumor, polyps in 93 cases (15.58%) cases, and inflamma-
tory bowel disease in 53 cases (8.88%). Among the 451 
right colon cancers, 43 were stage 0, 109 were stage I, 178 
were stage II, and 120 were stage III according to the TNM 
classification [11].

Among patients having LRHC, lesions were located 
in the caecum in 244 (41%), 156 (26%) in the ascending 
colon in 156 (26%), 71 (12%) at the hepatic flexure in 71 
(12%), 36 (6%) in the right transverse colon in 36 (6%), 
and 90 (15%) at the ileocæcal valve. Only three patients 
received neoadjuvant chemotherapy.

Both types of anastomosis were performed in each 
expert center, following the gradual introduction of the 
IC anastomosis technique since 2005. An IC anastomo-
sis was performed in 150 patients (25.13%) and an EC 
anastomosis in 447 patients (74.87%). There were more 
males (p = 0.005) and a higher BMI (p = 0.003) in the IC 
group, but otherwise the patients in the two groups were 
demographically comparable (Table 1).

Intraoperative data

During IC anastomoses, a mechanical (88.67% versus 
46.7%; p < 0.001), side-to-side (IC = 99.3%, EC = 88.6%; 
p < 0.001), isoperistaltic (IC 87.2%, EC = 45.8%; p < 0.001) 
anastomosis was generally performed.

During EC anastomoses, vascular ligation was mostly 
performed intracorporeally (87%). The rate of manual and 
mechanical techniques was comparable and a side-to-side 
anastomosis was mostly performed (88.6%).

The duration of the surgical intervention was longer in the 
EC group with a median of 150 min in the IC anastomosis 
group and 195 min in the EC anastomosis group (p < 0.001). 
Transfusion rates were similar in the two groups (p = 0.25). 
These results are shown in Table 2.

Postoperative outcomes

Postoperative outcomes are summarized in Table 3. A sig-
nificant difference was found regarding the incidence of 
medical complications, with a higher incidence of cardiac, 
vascular and pulmonary complications in the EC anasto-
mosis group (13% versus 20%; p = 0.049). This difference 
remained significant after adjusting for field characteristics 
(age, sex, BMI, smoking, diabetes, arteriopathy, coronaropa-
thy or history of previous surgery), under multivariate analy-
sis (p = 0.009; Fig. 3). A shorter period elapsed before the 
resumption of a regular diet in the IC group (1 versus 3 days; 
p = 0.001). In addition, a shorter hospital stay (median of 7 
versus 8 days; p = 0.003) was observed in the IC group. This 
difference remained significant under multivariate analysis 
(p = 0.029; Fig. 4). Surgical complications rates were similar 
between the two groups (p = 0.76). The most common com-
plication in both groups was prolonged ileus with 23 cases 
(15.3%) in the IC anastomosis group and 89 cases (19.9%) in 
the EC anastomosis group (p = 0.83). There were no differ-
ences between the groups in terms of time for mobilization 
(p = 0.93), reintervention rate (8 versus 24; p = 1) and 90-day 
mortality (p = 0.47).

Discussion

Our results from five tertiary centers involving expert sur-
geons in the achievement of a specific procedure show a 
benefit of the IC approach in terms of medical complica-
tions, hospital stay and operative time.

The principal strength of this multicenter study was that 
all patient data were collected over a short period of time 
and from five different tertiary centers involving experts in 
either IC or EC anastomosis techniques. There were there-
fore no technical changes to practice during the study period 
and the results obtained were a good reflection of current 

Table 1  Preoperative patient characteristics in the IC and EC groups

IC intracorporeal, EC extracorporeal, BMI body mass index

IC (n = 150) EC (n = 447) p value

Age (years) median [range] 71 [25–91] 71 [21–96] 0.330
 Male (%) 92 (61) 214 (48) 0.005
 Female (%) 58 (39) 233 (52)

BMI (Kg/m2) median [range] 26 [15–47] 24 [15–41] 0.003
Previous abdominal surgery 

(%)
52 (36) 123 (28) 0.098

Tobacco (%) 13 (9) 57 (17) 0.190
Diabetes mellitus (%) 29 (20) 63 (14) 0.150
History of cardiopathy (%) 31 (21) 81 (18) 0.470
Preoperative chemotherapy (%) 0 3 (0.7) 0.568
Neoplasm (%) 117 (78) 333 (74.5) 0.008
Inflammatory bowel disease 

(%)
8 (5.3) 45 (10)

Other 25 (16.7) 69 (15.5)
UICC TNM classification 0.401
 Stage 0–1 (%) (pTisN0-pT1-

T2N0)
32 (24.7) 115 (25.7)

 Stage 2 (pT3-T4N0) (%) 44 (29.3) 134 (30)
 Stage 3 (N+) (%) 36 (24) 84 (18.8)
 Stage 4 (M+) (%) 0 0
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practice. To our knowledge and to date, this is the largest 
series published on this subject.

The main weakness of this study was its non-randomized 
design. However, randomization would have been difficult to 
interpret because the surgeons might have performed a tech-
nique in which they were not specialized. Our results were 
only conclusive after the learning curve had been achieved 
in tertiary center experts in laparoscopy. Although both tech-
niques were practiced in each center, surgeons only used the 

technique they preferred. Differences in experience between 
surgeons could, therefore, have constituted a bias by influ-
encing postoperative outcomes as a function of the learning 
curve. This study was retrospective and some information 
such as readmission rate and long-term complications (her-
nias, recurrence) was not available hence a prospective study 
including this information is needed.

In addition, the lengths of hospital stay and postoperative 
ileus could have been reduced during this 10-year period as 

Table 2  Intraoperative 
outcomes in IC and EC groups

IC intracorporeal, EC extracorporeal

IC n = 150 (%) EC n = 447 (%) p value

Peridural anesthesia 22 (15) 32 (7) 0.121
Operative time (min) median, [range] 150 [90–360] 195 [60–695] < 0.001
Transfusion (units) 6 10 0.253
Manual anastomosis (%) 16 (9.7) 238 (53) < 0.001
Mechanical anastomosis (%) 134 (89.3) 209 (47)
Extraction of the specimen (%) < 0.001
Median l 70 (47) 297 (66)
Pfannenstiel 74 (49) 11 (2)
Transverse 6 (4) 139 (31)
ND 3
Vascular section (%) < 0.001
Intracorporeal 148 (99) 388 (87)
Extracorporeal 2 (1) 54 (12)
ND 0 4 (1)
Side-to-side anastomosis (%) 149 (99.3) 396 (88.6) < 0.001

Table 3  Postoperative outcomes 
in both IC and EC groups

IC
n = 150 (%)

EC
n = 447 (%)

p value

Postoperative complications (%) 38 (23) 111 (24) 0.550
Postoperative severe complications (Clavien ≥ 3a) (%) 12 (8) 41 (9) 0.740
Medical complications (%) 19 (13) 89 (20) 0.049
 Pulmonary 7 12
 Cardiac 7 10
 Thromboembolic 3 2
 Other 2 65

Surgical complication (%) 33 (23) 106 (24) 0.760
 Ileus 23 (16) 89 (20) 0.830
 Wound infection 3 (2) 10 (2)
 Anastomotic leakage 6 (4) 10 (2)
 Evisceration 2 1

Time to mobilization (days) median, [range] 1 [0–8] 1 [0–5] 0.930
Time to first feeding (days) median, [range] 1 [0–22] 3 [0–17] < 0.001
Time to first flatus (days) median, [range] 2 [1–11] 2 [1–14] 0.020
Time to first stool (days) median, [range] 3 [1–12] 3 [1–14] 0.010
Reoperations (%) 8 (5.6) 24 (5.4) 1.000
Hospital stay (days) median, [range] 7 [3–28] 8 [3–56] 0.003
90-day mortality (%) 3 (2) 14 (3) 0.470
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a result of improvements in care and adherence to the ERAS 
program.

Laparoscopic colectomy is increasingly being considered 
as the gold standard for both benign and malignant colonic 
lesions [12]. Several studies have produced definitive results 
on the superiority of a laparoscopic approach over tradi-
tional open colectomy in terms of a more rapid return of 
bowel function, smaller incisions with less postoperative 
pain and better aesthetics, fewer pulmonary complications, 
and shorter hospital stay [13–17].

Jamali et al. [18] revealed that laparoscopic right colec-
tomy with EC anastomosis is considered to be technically 
more difficult than laparoscopic sigmoidectomy, and that 
this difficulty increases significantly when the anastomosis 
is performed IC. This may explain why only a few surgeons 
have performed IC anastomoses to date [19].

This study consisted of a multicenter observational anal-
ysis of data from five tertiary centers in France involving 
a large cohort of 597 patients. The technique most widely 
employed in France remains EC anastomosis, which explains 
why the groups were not homogeneous in terms of the num-
bers of patients. EC anastomosis is more common because 
of the technical difficulties connected with IC anastomosis 
and the need in most cases to perform laparoscopic hand-
sewn sutures, even in the case of a mechanical anastomo-
sis. In terms of patient characteristics, stages of cancers and 
intraoperative data, the two groups were homogeneous and 
therefore comparable.

Vascular exposure was mostly achieved intracorpor-
eally in our study. This was understandable due to the 
problems inherent in exposing the base of the mesentery 
via a small incision, especially in the case of obesity. 

Fig. 3   Forest-plot representing 
postoperative medical complica-
tions after multivariate analysis

Fig. 4   Forest-plot representing 
the length of hospital stay after 
multivariate analysis
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Therefore, according to our study, most surgeons believe 
that the mesentery and ileocolic vessels should be divided 
intracorporeally.

The hypothesis underlying the development of a totally 
LRHC technique with IC anastomosis was that it could 
achieve more rapid recovery of intestinal function because 
traction on the colon and mesocolon is reduced, thus ena-
bling greater postoperative comfort for the patient [20]. Our 
results totally supported this hypothesis, as patients expe-
rienced a more rapid recovery and shorter hospital stays 
after IC anastomosis, with no differences in terms of surgi-
cal outcomes. These findings reinforce those of a previous 
study which included colectomies by straight laparoscopy 
for colon cancer, adding colectomies for benign patholo-
gies, and notably inflammatory bowel disease in the current 
study [21]. Although patients had a significantly higher BMI 
in the IC group, the duration of the surgical procedure was 
significantly shorter. This suggests that this technique is safe 
and less time-consuming in obese patients. In addition, a 
Pfannenstiel incision to extract the specimen was signifi-
cantly more frequent in the IC group than in the EC group 
(48% versus 2%; p < 0.001). This lower rate was associated 
with less pain, resulting in potentially improved pulmonary 
recovery. Moreover, the occurrence of incisional hernia is 
much lower with a Pfannenstiel incision than with midline 
(umbilical) wounds [22, 23].

Postoperative medical complications were significantly 
more frequent in the EC group, probably because EC pro-
cedures require a larger incision. However, the rate of more 
severe complications was no higher in this group, which 
supports the fact that both techniques are safe.

Conclusions

LRHC with IC anastomosis could become the reference 
technique once surgical teams have completed the learning 
curve and achieved operative times comparable to those of 
right colectomies with EC anastomoses. IC is associated 
with faster recovery, a shorter hospital stay, and less medical 
morbidity. Our results suggest that IC anastomosis in LRHC 
is superior to EC anastomosis. This study clearly provides 
the rationale for a randomized prospective clinical trial.
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