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Intracorporeal versus extracorporeal anastomosis in
laparoscopic right hemicolectomy: a retrospective cohort
study of anastomotic complications

Jonathan Frigault, Samuel Avoine, Sébastien Drolet, Francois Letarte, Alexandre Bouchard,
Jean-Pierre Gagné, Claude Thibault, Roger C. Grégoire, Naomee Jutras Bouthillette, Maude Gosselin,
Philippe Bouchard

Department of Surgery, Laval University, Québec, QC, Canada

Purpose: Laparoscopic right hemicolectomy (LRH) can be performed with an intracorporeal anastomosis (IA) or extra-
corporeal anastomosis (EA). It is not clear which technique is best. This study evaluated the impact of each anastomosis
technique on perioperative safety and postoperative evolution.

Methods: We performed a retrospective study at a tertiary colorectal surgery center. All patients who had an elective LRH
from 2015 to 2019 were analyzed according to the anastomosis technique used.

Results: In total, 285 patients were included in the study. IA was performed in 64 patients (22.5%). Mean operative time
was longer in the patients with IA (IA, 160+ 31 minutes vs. EA, 138 £42 minutes; P <0.001). No differences were observed
in intraoperative complications, time to first bowel movement, length of stay, reoperation, or rehospitalization. Time to
first flatus was longer in the patients with IA (P=0.049). At 30 days after surgery, there were no differences in the fre-
quency of anastomotic leak (IA, 0% vs. EA, 2.3%; P=0.59), bleeding (IA, 3.1% vs. EA, 2.7%; P >0.99), or intraabdominal
abscess (IA, 0% vs. EA, 0.5%; P>0.99). During follow-up, we noted more incisional hernias in patients with EA (IA, 1.6%
vs. EA, 11.3%; P=0.01) and a trend toward more hernia in patients with EA in multivariate analysis (hazard ratio, 7.13;
P=0.06). Anastomosis technique had no influence on recurrence.

Conclusion: For LRH, both IA and EA are safe, with a low incidence of complications when performed by experienced
surgeons. IA may be associated with a lower incidence of incisional hernia.
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INTRODUCTION

Laparoscopic surgery for colon cancer has many demonstrated
advantages over open surgery, including shorter hospital stay and
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earlier recovery of bowel function, with similar complication rates
[1-3]. Laparoscopic bowel surgery is also as effective as open sur-
gery in terms of oncologic results [2, 4-7]. With the development
of this minimally invasive approach, intracorporeal anastomosis
(IA) was introduced as an alternative to extracorporeal anastomo-
sis (EA) to restore continuity of the colon after resection. Over the
years, some studies have shown improved postoperative outcomes
with IA as compared with EA with similar morbidity and mortal-
ity [8-12]. In a 2019 meta-analysis by Emile et al. [13], IA was as-
sociated with fewer complications and earlier recovery of bowel
function with a lower incidence of incisional hernia. The aim of
our study was to evaluate the influence of the technique used for
anastomosis on intraoperative and postoperative outcomes of pa-
tients with laparoscopic surgery performed in a tertiary colorectal
surgery center with an Enhanced Recovery After Surgery (ERAS)
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program.

METHODS

Ethics statements

The protocol of this study was approved by the Ethics Committee
of the CHU de Québec - Université Laval. The requirement for
informed consent was waived due to the retrospective design of
the study.

Study design and patients

We conducted a retrospective cohort study of patients treated at
our academic hospital from January 2015 to December 2019. Pa-
tient data was retrieved from our archive database using the code
attributed to an elective laparoscopic right hemicolectomy. Sur-
geries were performed by 8 different fellowship-trained surgeons
with expertise in minimally invasive surgery and/or colorectal
surgery. Patients were included in the analysis if the surgical indi-
cation was a polyp or neoplasm of the caecum, appendix, ascend-
ing colon, or hepatic flexure confirmed on colonoscopy. Exclu-
sion criteria were age of <18 years, urgent or palliative surgery,
multivisceral resection, metastatic disease or past medical history
of ileocecal resection, transverse colectomy, or inflammatory

bowel disease. Patients were also excluded if the lesion was located
in the transverse colon. To study only patients who would have
been eligible for either IA or EA, patients with conversion to open
surgery were also excluded. Lengthening of the incision for speci-
men extraction was not considered a conversion, however.

Surgical technique

Patients were divided into 2 groups for analysis based on the type
of anastomosis performed during laparoscopic hemicolectomy;
the IA group and the EA group. The choice of anastomotic tech-
nique was at the surgeon’s discretion. It was mainly based on pre-
operative and intraoperative assessment of patient’s morphologi-
cal characteristics and body mass index (BMI). Both hand-sewn
and stapled bowel anastomoses were included when examining
EA. Both intracorporeal and extracorporeal vessels ligation were
performed, based on the surgeon’s preferences.

For patients in the IA group, stapled side-to-side anastomosis
was performed. Whether an isoperistaltic or antiperistaltic anas-
tomosis was performed was at the surgeon’s discretion. After divi-
sion of the ileum and the mid-transverse colon using an Endo-
GIA 60 mm (Covidien), a traction point was placed on both bow-
els (Fig. 1). Enterotomies were created on the antimesenteric sides
using electrocauterization. A common channel was obtained us-
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Fig. 1. Steps of intracorporeal anastomosis creation. (A) After division of the ileum and the mid-transverse colon using an EndoGIA 60 mm
(Covidien), a traction point is placed on both bowels. (B) Enterotomies are created on the antimesenteric sides using electrocauterization. (C) A
common channel is obtained using an EndoGIA 60 mm. (D) The common enterotomy is sutured intracorporeally using a continuous suture of
Maxon 3-0 V-Loc (Covidien). The staple line is reinforced with seromuscular Vicryl 3-0 suture (Ethicon).

148

www.coloproctol.org



ing an EndoGIA 60 mm. The common enterotomy was sutured
intracorporeally using a continuous suture of Maxon 3-0 V-Loc
(Covidien). The staple line was reinforced with seromuscular Vic-
ryl 3-0 suture (Ethicon).

ERAS program

All patients included in this study were enrolled in our standard-
ized ERAS protocol. No mechanical bowel preparation was used.
Prophylactic intravenous antibiotics were given 30 to 60 minutes
before surgical incision. Patients received subcutaneous heparin
prophylaxis before induction. During surgery, an intravenous li-
docaine protocol was used at the discretion of the anesthesiologist
and was discontinued in the postanesthesia care unit (PACU).
Restrictive use of intravenous fluid was applied. If patients had
major risk factors for thrombosis, a sequential compression de-
vice was used. A perioperative urinary catheter and a warming
blanket were routinely used.

An infusion of dextrose and NaCl with KCI was given postop-
eratively based on patient’s weight. On the day of surgery, a liquid
nutritive diet was permitted. Early mobilization began 3 hours
after PACU discharge criteria were met. Heparin prophylaxis
was received at 10:00 pm the day of the surgery. On postoperative
day (POD) 1, the urinary catheter and sequential compression
device were removed at 6:00 aM. A regular diet was offered with
snacks as needed. Intravenous fluids were discontinued if no
vomiting was observed. A thromboprophylaxis regimen based on
the patient’s weight was used. If not stated otherwise by the anes-
thesiologist, patient-controlled analgesia was discontinued. Oral
acetaminophen (1 g, 4 times a day) with as needed doses of either
morphine or hydromorphone were given. Anti-inflammatory
drugs were used at the discretion of the surgeons. On POD 2, a
regular diet was given. Patients were discharged if abdominal pain
was controlled with oral medication, oral diet was well tolerated,
and vital signs and blood work were within a normal range.

Follow-up was performed 4 to 6 weeks after surgery. For pa-
tients with a pathological diagnosis of cancer, a regular surveil-
lance protocol was performed by the surgeon.

Study outcomes

The primary outcome was the incidence proportion of anasto-
motic leak at POD 30, which was defined as “a defect of the intes-
tinal wall at the anastomotic site leading to a communication be-
tween the intraluminal and extraluminal compartments” detected
either radiologically or intraoperatively [14]. Other anastomotic
complications assessed as secondary outcomes, such as bleeding,
stenosis, or intraabdominal abscess were also assessed 30 days af-
ter surgery.

Secondary perioperative outcomes were the time to first flatus
and first bowel movement, nasogastric tube insertion, ileus (de-
fined as time to the first passage of flatus >4 days), operative
time, blood loss, perioperative blood transfusion, and length of
stay. Early readmission and reoperation were evaluated at POD
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30. Surgical site infection was assessed at POD 90. Finally, long-
term secondary outcomes considered were the occurrence of in-
cisional hernia, locoregional recurrence, or metastasis.

Volume 39, Number 2, 2023

Data collection

Data was collected retrospectively from January 2015 to June
2020. Time to first flatus and first bowel movement were noted in
the medical records, which included a sheet dedicated to collect-
ing these data 3 times a day. Secondary perioperative outcomes
were obtained through our data system. The incidence of anasto-
motic complications, locoregional recurrence, and distant metas-
tasis was obtained via imaging studies reports, colonoscopy re-
ports, and postoperative reoperation protocols. Surgical site infec-
tion was noted in follow-up records entered by the stoma nurse or
the surgeon. Both postoperative clinical and radiological diagno-
ses of incisional hernia were considered.

Statistical analysis

The study population characteristics and outcomes are presented
as proportions for categorical data and compared using the Fisher
exact test. Continuous data are presented as mean with standard
deviation and analyzed using a t-test procedure, or as median
with interquartile range (IQR) and analyzed using a Mann-Whit-
ney U-test when data were not normally distributed.

To address potential confounding factors for the long-term out-
comes, incisional hernia and cancer recurrence were analyzed us-
ing a Cox regression. When appropriate, a hazard ratio (HR) was
produced. Covariables with a P-value of <0.15 were included in
the multivariate analysis through a stepwise selection process. The
following variables were assessed for inclusion in the analysis for
incisional hernia: anastomosis technique, type of extraction inci-
sion (midline vs. off-midline), age, sex, BMI, American Society of
Anesthesiology (ASA) physical status (PS) classification, tobacco
use, corticosteroid intake, history of abdominal hernia, diabetes,
and surgical site infection. For cancer recurrence, the following
variables were assessed: anastomosis technique, age, sex, BMI,
ASA PS classification, anastomotic leak, anastomotic bleeding,
pathological tumor stage, pathological nodal stage, tumor perfo-
ration, and lymphovascular, venous or perinervous invasion. Re-
sults were considered significant at P<0.05. Analyses were per-
formed using SAS University edition (SAS Institute Inc).

RESULTS

From 2015 to 2019, a total of 329 patients underwent right hemi-
colectomy and were assessed for eligibility. After the exclusion of
44 patients (Fig. 2), 285 patients were included in the study and
were divided into study groups by the type of anastomosis per-
formed; IA (64 patients, 22.5%) or EA (221 patients, 77.5%). The
majority of the IA (58 of 64, 90.6%) was performed by 2 surgeons,
with 48.3% of their anastomoses (58 of 120) being performed in-
tracorporeally. For the remaining 6 surgeons included in this
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329 Patients with right hemicolectomy

44 Patients excluded; some patients being
excluded for multiple reasons:
24 Emergency surgeries

\

285 Patients include in analysis

4 y
64 Intracorporeal 221 Extracorporeal
anastomoses anastomoses
(22.5%) (77.5%)

20 Surgeries by laparotomy

5 Multivisceral resections

5 Patients with metastatic disease at
primary surgery

4 Conversions to laparotomy

4 Palliative surgeries

1 Lost to follow-up

1 Patient with a history of ileocecal
resection

1 Incomplete operative report

Fig. 2. Flowchart detailing patients evaluated and included in the study.

Table 1. The patient demographics of the study

Table 2. Surgical details

Variable IA group EA group P-value
No. of patients 64 221
Age (yn) 7110 71+10 0.83
Sex 0.89

Male 35(4.7) 123 (55.7)

Female 29 (45.3) 98 (44.3)
ASA PS classification 0.26

| 4(6.3) 9 (8.6)

II 40 (62.5) 138 (62.4)

Il 17 (26.6) 62 (28.1)

\Y 3(4.7) 2(0.9
Charlson comorbidity index 6.3+2.7 59+3.0 0.28
Body mass index (kg/m? 28.0+6.3 27.2+4.9 0.35
Corticosteroids 8 (12.5) 17 .(7.7) 0.22
Smoking 2(18.8) 29 (13.1) 0.31
Diabetes 9(29.7) 53 (24.0) 0.41
Malnutrition ( 7) 7(7.7) 0.58
Anemia® 29 (45.3) 95 (43.0) 0.76
History of intraabdominal surgery 38 (59.4) 107 (48.4) 0.16
History of abdominal hernia 6(9.4) 1(5.0) 0.23
History of radiotherapy 3(4.7) 11 (5.0) >0.99

Values are presented as number only, mean + standard deviation, or number (%).
IA, intracorporeal anastomosis; EA, extracorporeal anastomosis; ASA, American
Society of Anesthesiology; PS, physical status.

*Defined as hemoglobin level of <120 g/L.

study, 96.4% of their anastomoses (159 of 165) were EA, with only
2 surgeons performing IA on 6 occasions. The groups were simi-
lar in terms of age, ASA PS classification, comorbidities, BMI, and
sex (Table 1). There was a difference in the median duration of
postoperative follow-up to data collection in June 2020 between
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Variable Ia ggi;) I(E:f;ozl;? P-value?®
Surgical indication 0.36
Neoplasm 40 (62.5) 153 (69.2)
Polyp 24 (37.5) 68 (30.8)
Lesion location <0.01
Caecum 33(51.6) 51 (23.1)
Ascending colon 18 (28.1) 139 (62.9)
Hepatic flexure 12 (18.8) 23(10.4)
Appendix 1(1.6) 8(3.6)
Extraction site” <0.01
Midline/periumbilical 2(3.1) 112 (51.4)
Off-midline 62 (96.9) 106 (48.6)
Transverse 45 (70.3) 100 (45.9)
Pfannenstiel 17 (26.6) 1(0.5)
Paramedian 0(0) 3(1.4)
Left lower quadrant 0(0) 2(0.9)

Values are presented as number (%).

IA, intracorporeal anastomosis; EA, extracorporeal anastomosis.

“Significance determined by Fisher exact test. "Missing data for 3 patients in the
EA group (n=218).

the 2 study groups with a median follow-up of 30.3 months (IQR,
15.1-42.2 months) in the IA group vs. 37.7 months (IQR, 26.9-
50.0 months) in the EA group (P <0.001).

Cancer was the most common surgical indication for laparo-
scopic hemicolectomy (Table 2). The majority of tumors in the A
group were located in the caecum (51.6% vs. 23.1%), while the
majority of tumors in the EA group were located in the ascending
colon (28.1% vs. 62.9%, P<0.01). There was no difference be-
tween the groups in pathological diagnosis; TNM stage; total
lymph node count; positive lymph node count; or lymphovascu-
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Table 3. Pathological results

IA group EA group

Variable (n=64) (n=221) P-value
Pathological diagnosis® 0.41
Adenocarcinoma 39 (60.9) 137 (62.0)
Adenoma 22 (34.4) 76 (34.4)
Others 34.7) 8(3.6)
Pathological T stage? 0.85°
0 0(0) 2 (1.5
1 4(10.0) 23 (16.8)
2 7 (17.5) 22 (16.0)
3 25 (62.5) 75 (54.7)
4 4(10.0) 15 (11.0)
Pathological N stage® 0.96°
0 27 (67.5) 96 (70.1)
1 9 (22.5) 27 (19.7)
2 4(10.0) 14 (10.2)
Perforation 0(0) 2(1.0) >0.99"
Positive margin 0(0) 0(0) NA
Invasion
Lymphovascular 14(21.9) 55(25.2) 0.77°
Venous 10 (15.6) 30(13.9) 0.66°
Perinervous 6 (9.4) 11(6.1) 0.23°
Margin
Proximal 13.0+6.7 147+84 0.10°
Distal 19.9+8.3 17.5+8.1 0.04°
Lymph node
Total removed 32+11 30+13 0.33°
Positive 06+15 0.6+1.6 0.91°

Values are presented as number (%) or mean + standard deviation.

IA, intracorporeal anastomosis; EA, extracorporeal anastomosis; NA, not applicable.
“ncluding patients with adenocarcinoma, and 1 patient with a neuroendocrine tu-
mor in the IA group. "Significance determined by Fisher exact test. ‘Significance
determined by t-test procedure.

lar, venous, or perinervous invasion (Table 3). No positive mar-
gins were observed in this cohort.

In the EA group, 79 patients (35.7%) had a hand-sewn anasto-
mosis and 142 patients (64.3%) had a stapled anastomosis. The
type of incision used for tumor extraction also differed signifi-
cantly between the 2 groups, as midline incisions were more com-
monly used with EA (IA, 3.1% vs. EA, 50.7%; P < 0.001). In the IA
group, 96.9% of incisions used for tumor extraction were either
transverse or Pfannenstiel incisions (Table 2, Fig. 3).

There was no difference in the incidence proportion of anasto-
motic leak (IA, 0% vs. EA, 2.3%; P=0.59), bleeding (IA, 3.1% vs.
EA, 2.7%; P>0.99) or intraabdominal abscess (IA, 0% vs. EA,
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Types of extraction incisions

c! A: Peri umbilical
i 1A B: Transverse
[ .m C: Paramedian
B D: Left lower quadrant
F: Pfannenstiel
E ]

Fig. 3. Extraction site incision locations.

0.5%; P>0.99) at POD 30 (Table 4). No anastomotic strictures
developed in the first 30 days postoperatively.

When we examined intraoperative outcomes (Table 4), IA was
associated with a significantly longer operation (mean time of
160+ 31 minutes for IA vs. 138 +42 minutes for EA, P<0.001).
Because surgeon experience can affect operative time, we also
considered a subgroup of patients cared for by the 2 surgeons who
performed laparoscopic hemicolectomy with both IA and EA.
The mean operative time was still significantly longer (157 +28
minutes) in the patients with IA (n=>58) than in the patients with
EA (n=62; operative time, 142+40 minutes; P=0.02) con-
structed by these 2 surgeons. Additionally, no difference was
noted in mean operative time when comparing their first and last
10 patients with an IA (the first 10 patients, 160+ 36 minutes vs.
the last 10 patients, 164+ 21 minutes; P=0.78). In the larger co-
hort, there were no differences in operative blood loss (41 +43
mL vs. 53+ 69 mL, P=0.09), the need for perioperative blood
transfusion (1.6% vs. 0.9%, P=0.54), or intraoperative complica-
tions (4.7% vs. 8.6%, P=0.43) between patients with EA and pa-
tients with IA (Table 4).

Median time to first flatus was longer in the IA group (P=
0.049), with a trend toward more ileus (17.2% vs. 9.0%, P= 0.07).
However, there was no difference in the incidence proportion of
nasogastric tube insertion, median time to first bowel movement,
or length of stay (Table 4). Only 8 patients were discharged before
the recording of either a first flatus or first bowel movement.

At POD 30, there were no differences in the incidence propor-
tion of surgical reintervention (P>0.99) or rehospitalization
(P=0.55) between patients with IA and patients with EA. The in-
cidence proportion of surgical site infection was similar between
groups (P=0.38) at POD 90. At the end of follow-up, 26 patients
had a diagnosis of incisional hernia (Table 4). The median time

151



Jonathan Frigault, et al.

Table 4. Intraoperative and postoperative evolution

Table 5. Incidence of incisional hernia by site of extraction incision

IA group EA group

IA group EA group

Variable (n=64) (n=221) P-value Incisional hernia (n=64)° (=218 P-value®

Operative time (min) 160+ 31 13842 <0.01° Midline/periumbilical 0/2 (0) 15/112 (13.4) 0.19

Blood loss (mL) 41+43 53+69 0.09° Transverse 0/45 (0) 10/100 (10.0)

Blood transfusion 1(1.6) 2(0.9) 0.54 Pfannenstiel 117 (5.9) 0/1(0)

Intraoperative complication 3(4.7) 19 (8.6) 0.43 Paramedian 0/0 (0) 0/3 (0)

Time to first flatus (day) 2 (2-3) 2 (1-3) 0.05° Left lower quadrant 0/0 (0) 0/2 (0)

Time to first bowel movement (day) 3 (2-4) 3 (2-4) 017 Values are presented as number (%).

lleus 1(17.2) 20 (9.0) 0.07 A, iptraoorporeal anastomoslis; EA, extracolrpolre.al anastomosis. ‘

“ncidence proportion (hernia/number of incisions) at end of follow-up in June

Nasogastric tube insertion 11(172)  43(19.9 0.86 2020. *Significance determined by Fisher exact test.

Length of stay (day) 4 (3-6) 4 (3-6) 0.41°

Anastomotic complication® Table 6. Cox regression analysis of incisional hernia during follow-up
Leak 000 5(23) 0.59° Parameter® HR(95% Cl)  P-value®
Bleeding 2(3.1) 6(2.7) >0.99 Anastomosis technique (A vs. EA) 7.13(0.96-53.17)  0.06
Stenosis 000 00 NA® Body mass index 1.07 (0.99-1.15)  0.08
Intraabdominal abscess 0(0) 10 >0.99° Corticosteroid intake NA 0.11

Surgical reoperation® 0(0) 2(0.9 >0.99° Diabetes NA 0.16

Rehospitalization’ 5(7.8) 13(6.9) 0.55° Incision extraction site (midline vs. off-midline) NA 0.36

Surgical site infection® 34.7) 5(2.3) 0.38° HR, hazard ratio; Cl, confidence interval; IA, intracorporeal anastomosis; EA, extra-

Incisional hernia’ 1016  25(11.3 0.01° corporeal anastomosis; NA, not applicable.
OO TsBG oor Someyals Lol e ot sl o
Radiological diagnosis 1(1.6) 12 (5.4) 0.31°

Incisional hernia repair 1(1.6) 9(4.1) 0.47° Table 7. Oncological results for pathological diagnosed adenocarci-

Values are presented as mean + standard deviation, number (%), or median (inter-
quartile range).

IA, intracorporeal anastomosis; EA, extracorporeal anastomosis; NA, not applicable.
Significance determined by -test procedure, ®Mann-Whitney U-test, and °Fisher’s
exact test.

Incidence proportion “within 30 days postoperatively, ‘within 90 days postopera-
tively, and ‘at end of follow-up in June 2020.

before diagnosis was 10.3 months (IQR, 6.9-13.4 months). The
long-term incidence of incisional hernia was significantly lower
in the TA group (1.6% vs. 11.3%, P=0.01). There was, however, no
difference between groups for incisional hernia when stratified by
the extraction site used for specimen removal (P=0.19) (Table 5).
In multivariate analysis, a trend toward more hernia in the EA
group was observed with an HR of 7.128 (95% confidence inter-
val [CI], 0.956-53.165; P=0.06) (Table 6). BMI was the only other
covariate included in the model (HR, 1.068; 95% CI, 0.991-1.151;
P=0.08). There was no difference in the incidence proportion of
incisional hernia repair (P =0.47).

The overall rate of recurrence was 10.8% (IA, 5.1%; EA, 12.4%;
P=0.25) after a median follow-up of 3.0 years. In multivariate
analysis, the type of anastomosis did not influence the recurrence
rate (P=0.40) (Table 7). Local recurrence and systemic recurrence
were similar in both groups. Most recurrences were systemic
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Variable lél girg;;) I(E:f:%%) P-value®
Recurrence 2(5.1) 17 (12.4) 0.25
Type of recurrence®
Anastomotic 0(0) 1(0.7) >0.99
Regional 0(0) 2(1.5) >0.99
Distant metastasis 2(5.1) 16 (11.7) 0.37

Values are presented as number (%).

IA, intracorporeal anastomosis; EA, extracorporeal anastomosis.

“Significance determined by Fisher exact test. "Some patients had multiple types
of recurrence.

(94.7%), and the most common site of recurrence was the liver
(57.9%).

DISCUSSION

In this retrospective study comparing intracorporeal and extra-
corporeal anastomoses during laparoscopic right hemicolectomy,
there were no differences in anastomotic complications between
the 2 approaches. Anastomotic leakage or bleeding and intraab-
dominal abscess were seen in only a few patients and with an in-
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cidence that was similar between the 2 approaches, which is con-
sistent with previous studies [8, 9, 15-18]. No differences in intra-
operative complications or blood loss were found between groups.
However, an increase in operative time and time to first flatus was
noted in patients with an IA. The need for surgical reintervention
was equivalent between approaches, as well, with only 1% of pa-
tients requiring reoperation in the first 30 days after surgery in
our cohort. IA was associated with a trend toward a reduction in
incisional hernia. When performed routinely, both surgical tech-
niques for anastomosis during laparoscopic hemicolectomy ap-
pear equivalent in terms of perioperative safety.

As observed in previous studies, the potentially longer operative
time to create an IA has to be taken into consideration when
choosing which technique to use [11, 16, 17, 19, 20]. Due to spe-
cific skills required to use mechanical linear staplers and place
laparoscopic manual sutures, IA is often perceived as more tech-
nically challenging than EA [21]. This likely explains the differ-
ence in operative time observed in our study. The level of laparo-
scopic experience between surgeons did not seem to explain the
difference in operative time, because the difference persisted
when we did subgroup analysis of the operative times of surgeons
performing both techniques often. Furthermore, the learning
curve does not appear to be the cause of the increased operative
time, because no difference was found in operative time between
the first and last 10 patients with an IA in the subgroup analysis.
The increased technical complexity of IA could potentially in-
crease the risk of anastomotic complications. However, our study
confirmed the safety of IA as compared with EA.

Previous studies and meta-analyses have shown a shorter time
to first bowel movement [8, 10, 13, 17, 22], first flatus [10, 13, 15,
16], and a shorter length of stay [8-10, 13, 19, 20, 23] using the IA
technique. An explanation proposed is that less mobilization and
traction are required on the transverse colon and mesocolon,
which would result in a faster recovery [8, 17]. However, these re-
sults contrast with our observations. The longer time to first flatus
in our patients with IA may be partially explained by the longer
operative time for this subgroup, which is a known risk factor for
a slower bowel recovery [24]. A recent study by Trépanier et al.
[25] that found IA was not associated with faster gastrointestinal
recovery for surgeries performed with an ERAS program could
also partially explain our results. Indeed, because return of bowel
function and duration of hospitalization are already significantly
improved with implementation of the ERAS protocols, the impact
of the choice of anastomosis might be tempered. Both the IA pa-
tients and the EA patients in our study had a median length of
stay of 4 days, which is lower than previously published data [13,
15, 17, 19, 20]. Even though time to first flatus was significantly
longer in our IA group with a trend toward more ileus, time to
first bowel movement, length of stay, and use of a nasogastric tube
were similar in both groups. Therefore, the clinical impact of the
anastomotic technique used during laparoscopic hemicolectomy
on perioperative evolution and hospitalization seems to be negli-
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gible.

In the meta-analysis by Emile et al. [13] published in 2019, EA
was associated with higher odds of incisional hernia. In our co-
hort, there was also a significantly higher incidence proportion of
incisional hernia in the EA group at the end of the follow-up pe-
riod. This difference might be partially explained by the median
length of postoperative follow-up until data was collected in June
2020, which was shorter in the IA group. However, in our multi-
variate analysis, which included the incidence rate of hernia, IA
was still associated with a strong trend toward a reduction in inci-
sional hernia incidence. Due to the retrospective aspect of this
analysis, data on incision length and incision lengthening was not
readily available. However, as previously stated in other studies [8,
11, 16, 17, 26], we assume that the incisions for specimen extrac-
tion in patients with IA were smaller than the incisions in patients
with EA. Therefore, the decrease in incisional hernia incidence
seen with A might also be explained by the anastomotic tech-
nique itself. Additionally, the type of incision used for specimen
extraction was significantly different between our EA and IA
groups, with more midline incisions in the patients with EA. Pa-
tients with midline incisions have a higher risk of incisional her-
nia [27]. This variable was not included in the stepwise regression
of the multivariate analysis, however, due to a lack of statistical
significance. Nonetheless, the avoidance of a midline incision
could be an argument in favor of IA given the similarities in early
postoperative evolution and postoperative safety between EA and
IA in this study.

Finally, it has been suggested that IA might result in better onco-
logical outcomes by allowing a higher vascular ligation. However,
similar to previously published data, we did not observe any dif-
ferences in recurrence or lymph node count according to the type
of anastomosis created. [8, 15, 16, 18, 23, 28]. Our overall inci-
dence proportion of recurrence of 10.8% at a median follow-up of
3.0 years was similar to previous reports. Augestad et al. [29], for
instance, reported an 11.2% recurrence rate with median surveil-
lance of 36 months in 3,870 patients with right-sided adenocarci-
noma.

This study has some limitations. The retrospective nature is one
limitation and may have introduced a potential selection bias, as
the choice of anastomosis technique was left to the surgeons. The
study groups were quite similar, however, in most oncologic pa-
rameters. Although the location of the resected lesion differed
significantly between the IA and EA groups, an impact on each
patient’s postoperative evolution is unlikely. Due to this retrospec-
tive design, no standardization was possible for the surgical tech-
nique. The approach for vessels ligation was therefore variable
among surgeons for EA, as both intracorporeal and extracorpo-
real vessels ligation were included in this study. This could have
influenced the length of the extraction excision required, which
was also not standardized and recorded, therefore potentially in-
fluencing the occurrence of incisional hernia. Another limitation
was that the incidence of incisional hernia was retrospectively
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evaluated with medical records and radiological studies. Prospec-
tive evaluation of patients with physical examination and system-
atic radiological assessment for benign disease would have im-
proved the diagnosis of incisional hernia. The majority of IA were
performed by only 2 surgeons, which can have introduced a cer-
tain heterogeneity in postoperative evolution. Finally, surgeries
were performed in a single referral center for minimally invasive
colorectal surgery. The validity of the findings to other centers
will need to be tested, as a higher volume of a specific technique
has been associated with fewer complications [30].

For laparoscopic right hemicolectomy, both the surgical tech-
niques of IA and EA are safe, with a low incidence of anastomotic
complications when performed by experienced surgeons. IA may
be associated with a lower incidence of incisional hernia.
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