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Purpose: The aim of this study is to evaluate the feasibility and safety of intracorporeal anastomosis in
laparoscopic colectomy for benign and malignant tumor diseases in actual clinical settings.

Methods: From January 2016 to June 2021, a total of 114 cases were selected for laparoscopic colectomy for
benign or malignant tumor diseases. Seventeen cases that underwent simultaneous combined laparoscopic
procedures were excluded from the study. The remaining patients were separated into 48 cases in the
intracorporeal group and 49 cases in the extracorporeal group. Medical records were reviewed retrospec-
tively.

Results: Patients in the intracorporeal group were older than those in the extracorporeal group (62.6 years
vs. 54.9 years, p = 0.001). Body mass index, American Society of Anestheologists physical status classifica-
tion, comorbidity, smoking, and laparotomy history did not differ significantly between groups. Surgeries
for malignancy were performed in 35 (72.9%) and 32 cases (65.3%) in the respective intracorporeal and
extracorporeal groups. Right hemicolectomy was performed in 39 (81.3%) and 45 cases (91.8%) in the
intracorporeal and extracorporeal groups, respectively, and postoperative hospital stays were 9.8 and 8.9
days (p = 0.081). Operation time (216.9 minutes vs. 203.5 minutes, p = 0.212) and intraoperative blood loss
(72.7 mL vs. 75.7 mL, p = 0.700) were not significantly different. Anastomotic leakage was observed in one
case in each group.

Conclusion: In laparoscopic colectomy, intracorporeal anastomosis could be considered as a safe and
feasible technique for benign and malignant tumor diseases.
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INTRODUCTION

In the field of colorectal surgery, laparoscopic surgery is becom-
ing more popular and is experiencing an expansion in its scope
of applications for a variety of benign and malignant tumor
diseases [1-5]. With the development of surgical instruments and
surgical techniques, a technical approach to a more sophisticated
field has become possible. Recently, the applicability and safety
of many challenging techniques have been verified through
comparative studies.
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Among the various advanced laparoscopic surgical techniques,
intracorporeal anastomosis is being studied for its applicability
and safety. Several studies have shown that intracorporeal anas-
tomosis has advantages such as relatively less invasiveness, faster
recovery after surgery, and shorter hospital stays. However, fur-
ther research and validation are needed [6-15].

The aim of this study is to evaluate the feasibility and safety of
intracorporeal anastomosis in laparoscopic colectomy for benign
or malignant tumor diseases in actual clinical settings.
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Intracorporeal versus extracorporeal anastomosis

MATERIALS AND METHODS

Patients who underwent laparoscopic colectomy from January
2016 to June 2021 at Kosin University Gospel Hospital in Busan,
Korea were selected. Laparoscopic colectomy operations for be-
nign and malignant diseases were performed by a single surgeon.
The exclusion criteria were cases with colon obstruction, bowel
perforation, open conversion surgery, or combined operations.

Intracorporeal bowel anastomoses were completed in a side-
to-side manner with three linear cutter staplers. One linear cut-
ter stapler was used for the separation of the proximal bowel,
typically the ileum. Another linear cutter stapler was used for
the separation of the distal bowel, usually the colon. Two small
holes were created on each side of the bowel wall, and a third
linear cutter stapler was inserted into one hole on each side to
perform an anastomosis in a side-to-side, isoperistaltic manner.
The remaining small holes were closed with barbed suture mate-
rial with lambert reinforcement sutures. Mesenteric defects were
closed with barbed suture material.

Extracorporeal anastomoses were performed with extracorpo-
real bowel extraction through a periumbilical small abdominal
incision. The anastomoses were completed in a side-to-side or
end-to-end manner with a stapled or handsewn technique. For
the stapled technique, two small holes were created on each side
of the bowel wall before the cutting of the bowel. Each blade of
the linear cutter stapler was inserted into two holes on each side
to perform an anastomosis in a side-to-side, antiperistaltic man-
ner. With another linear cutter stapler, each side of the bowels
was cut, including the hole site. Re-enforcement sutures were
undergone on the cutting side of the bowels. Intracorporeally,
mesenteric defects were closed with barbed sutures.

According to the anastomotic technique, the patients were
divided into intracorporeal and extracorporeal groups. Medical
records were reviewed retrospectively for demographics, comor-
bidity, operation methods, operative time, intraoperative blood
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loss, postoperative hospital stay, postoperative complications, and
pathology results. Operation time was defined as the time from
the initial incision to the completion of postsurgical dressing.
Operative complications and mortality were defined as those
within 30 days of surgery, respectively.

For statistical analysis, SPSS version 17.0 for Windows (SPSS
Inc., Chicago, IL, USA) was used. The Student ¢ test was used to
compare normally distributed variables. Comparisons between
groups of discrete variables were performed using the chi-square
or Fisher exact test as appropriate. All p values of <0.05 were con-
sidered statistically significant.

RESULTS

A total of 114 patients underwent laparoscopic colectomy for
benign or malignant disease. The intracorporeal group involved
63 cases, while the extracorporeal group included 51 cases. In the
intracorporeal group, 15 cases were excluded due to the presence
of the combined surgeries: six cholecystectomies, two liver resec-
tion surgeries, one liver resection surgery with colectomy, three
colectomies, one small bowel resection, and two oophorectomies.
In the extracorporeal group, two cases that underwent combined
cholecystectomy were excluded (Fig. 1).

Demographics are provided in Table 1. The intracorporeal
group was older than the extracorporeal group (62.6 years vs.
549 years, p = 0.001). Body mass index (BMI), American Society
of Anestheologists (ASA) physical status classification, comor-
bidity, smoking, and previous laparotomy history did not differ
significantly between the two groups. Surgeries for malignancy
were performed on 35 (72.9%) and 32 patients (65.3%) in the
respective intracorporeal and extracorporeal groups. In both
groups, all malignant cases were diagnosed as adenocarcinoma,
except one malignant lymphoma in the intracorporeal group.
Right hemicolectomy was performed in 39 (81.3%) and 45 cases
(91.8%), respectively. In the intracorporeal group, other surgeries

Intracorporeal anastomosis (n = 63) |

| Extracorporeal anastomosis (n = 51)

Excluded (n = 15)
- 6 Cholecystectomy

Excluded (n = 2)
- 2 Cholecystectomy

- 2 Liver resection surgeries

- 1 Liver resection surgery, colectomy
- 3 Colectomy

-+ 1 Small bowel resection

- 2 Oophorectomy

Intracorporeal anastomosis (n = 48) |

| Extracorporeal anastomosis (n = 49)

Fig. 1. Flowchart of patient enroliment.
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Table 1. Demographics of patients

Song | Yang et al.

Characteristic Intracorporeal Extracorporeal p value
No. of patients 48 49
Age (yr) 62.6 + 12.1 (25-85) 54.9 +19.5 (15-85) 0.001
Sex 0.105
Male 21 (43.8) 30(61.2
Female 27 (56.2) 19 (38.8)
Body mass index (kg/m’) 23.6 +3.5(18.6-33.7) 23.0+4.0 (14.8-33.5) 0.583
ASA PS classification 0.078
-l 35(72.9) 43 (87.8)
>l 13(27.1) 6(12.2)
Comorbidity
Cardiovascular disease 10 (20.8) 8(16.3) 0.606
Diabetes mellitus 13 (27.1) 7(14.3 0.139
Smoking 0.544
Yes 11(22.9) 14 (28.6
No 37(77.1) 35(71.4)
Previous laparotomy >0.999
Yes 10 (20.8) 11 (22.4)
No 38(79.2) 38 (77.6)
Diagnosis 0.511
Malignancy 35(72.9 32 (65.3)
Benign 13(27.1) 17 (34.7)
Operation 0.147
Right hemicolectomy 39 (81.3) 45 (91.8)
Others” 9(18.8) 4(8.2)
T stage” 0.283
T0-T2 12 (35.4) 719
T3-T4 22 (64.7) 25 (78.1)
N stage 0.460
NO 14(41.2) 17 (63.1)
N1-N2 20 (58.8) 15 (46.9)

Values are presented as number only, mean =+ standard deviation (range), or number (%).

ASA, American Society of Anestheologists; PS, physical status.

I eft hemicolectomy and sigmoidectomy. "Malignancy in intracorporeal group: adenocarcinoma 34 cases, lymphoma 1 case.

included one transverse colectomy, five left hemicolectomies,
and three sigmoidectomies. In the extracorporeal group, all four
other surgeries were left hemicolectomies. In the cases of other
surgeries, anastomosis was undergone with a linear stapler. A
circular stapler was not used.

Operative outcomes and postoperative complications are in-
cluded in Tables 2 and 3. The intracorporeal group had a longer
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postoperative hospital stay; however, this was not statistically
significant (9.8 days and 8.9 days, p = 0.081). Operation time (216.9
minutes vs. 203.5 minutes, p = 0.212) and intraoperative blood
loss (72.7 mL vs. 75.7 mL, p = 0.700) were not significantly dif-
ferent. Anastomotic leakage was seen in one case in each group.
In both groups, two cases of anastomotic leakage were managed
with reoperation. There was no case of wound infection or ileus.
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Table 2. Operative outcomes
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Outcome Intracorporeal (n = 48) Extracorporeal (n = 49) p value
Postoperative hospital stay (day) 9.8 +8.9 (5-54) 8.9+4.2(6-21) 0.081
Operative time (min) 216.9 + 102.1 (130.0-655.0) 203.5 + 50.5 (120.0-380.0) 0.212
Blood loss (mL) 72.7 £ 74.3 (50-400) 75.7 £ 78.7 (50-500) 0.700
Sampled lymph node 21.3 £ 7.7 (9-46) 22.5+10.4 (3-64) 0.471
Values are presented as mean =+ standard deviation (range).
Table 3. Postoperative complications
Complication Intracorporeal (n = 48) Extracorporeal (n = 49) p value
Total 242 482 0.678
Anastomotic leakage 1 1
Wound infection 0 0
lleus 0 0
Chyle leakage 0 1
Bladder dysfunction 0 1
Colitis 0 1
Death 1? 0

Values are presented number (%) or number only.

Death due to heart failure, in which case with aortic stenosis, hypertension, diabetes mellitus, and end-stage renal dysfunction.

The one postoperative mortality case in the intracorporeal group
was due to heart failure with aortic stenosis, hypertension, diabe-
tes mellitus, and end-stage renal dysfunction.

DISCUSSION

In the field of laparoscopic colorectal surgery, especially for right-
sided colon disease, intestinal anastomosis has been performed
outside the abdominal cavity as an extracorporeal anastomosis
with a manual or stapled technique. The configurations of anas-
tomoses, such as end-to-end, end-to-side/side-to-end, or side-to-
side manner, are variable. Until recently, extracorporeal anas-
tomosis has been performed predominantly due to its technical
familiarity to surgeons, resembling conventional open surgery.
However, for extracorporeal anastomosis, more extensive
mesenteric dissection is required to extract the two bowel ends
through the assistant incision, especially in obese patients with
thick abdominal walls and thick mesenteries [6]. Sometimes, the
surgeon addresses short bowel length through extracorporeal
manipulation and unexpected mesenteric bleeding with exces-
sive traction through the extraction site. However, the risk of
mesenteric twisting is higher after extracorporeal anastomosis [7].
In our institution, extracorporeal anastomosis was the preferred
technique in most cases, especially for ileocolic anastomosis. We

frequently encountered the same situations, such as longer surgi-
cal incisions related to thick abdominal walls, bulky mesentery,
unexpected mesenteric bleeding, and mesenteric twisting during
extracorporeal anastomosis. To improve these problems, intra-
corporeal anastomosis was undergone for trial purposes in 63
cases. In this study, the mean BMI did not differ between groups
(23.6 kg/m” vs. 23.0 kg/m’, p = 0.583). However, the obese patients
(with BMI of >30 kg/m’) were included more in the intracorpo-
real anastomosis group (four cases vs. one case). In the four obese
patients, thick abdominal walls and bulky mesenteries were not
troublesome factors during the operation. There was no case of
mesenteric twisting. To perform intracorporeal anastomosis, sur-
geons have to overcome many challenges, such as laparoscopic
suturing, in the field of laparoscopic techniques. With the devel-
opment of surgical instruments and surgical techniques, a tech-
nical approach to a more sophisticated field has become possible.
Recently, laparoscopic intracorporeal intestinal anastomosis has
been attempted to determine feasibility and safety.

Advantages such as smaller surgical incisions, lower conversion
rates, earlier bowel function recoveries, and shorter hospital stays
have been demonstrated. Expected disadvantages include longer
operative times associated with technical challenges and higher
complication risks such as surgical site infections or anastomotic
leakages. In addition, surgeons have to be concerned about the

WWW.e-jmis.org
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intraabdominal stool contamination management during the
creation of a hole in the bowel for intracorporeal anastomosis.
However, the present study did not demonstrate the benefits of
intracorporeal anastomosis, such as smaller incisions and earlier
bowel function recoveries. There was no open conversion case.
The postoperative hospital stays (9.8 days vs. 8.9 days, p = 0.081)
and blood loss (72.7 mL vs. 75.7 mL, p = 0.700) were not signifi-
cantly different in both groups. We expected a longer operation
time and a higher rate of anastomotic leakage in the intracorpo-
real anastomosis group. However, both the anastomotic leakage
rate and operation time (216.9 minutes vs. 203.5 minutes, p = 0.212)
were not different in this study.

Raftopoulos et al. [6] analyzed the results of 54 cases of intra-
corporeal anastomosis, assuming that the length of the incision
and conversion rate would be reduced in patients, particularly
those with high obesity. In that study, the incision was small
(mean, 4 cm; range, 3-8 cm) and cosmetically satisfactory. There
was no conversion to open surgery. However, there was no differ-
ence in the results of surgery according to the degree of obesity.
Grams et al. [8] reported the results of a comparative study of
intracorporeal anastomosis in 54 patients and extracorporeal
anastomosis in 51 patients who underwent ileocolic resection (66
cases), right hemicolectomy (29 cases), left hemicolectomy (nine
cases), and subtotal colectomy (one case). In that study, operation
time was significantly longer for intracorporeal anastomosis,
though estimated blood loss, postoperative narcotic use, length
of hospital stay, and complications were lower.

Allaix et al. [16] conducted a double-blind, randomized con-
trolled trial of 140 laparoscopic right hemicolectomies, compar-
ing the outcomes of intracorporeal and extracorporeal anas-
tomoses. The trial demonstrated a quicker recovery of bowel
function after intracorporeal anastomosis. The operation time,
length of incision, 30-day morbidity, and length of hospital stay
were not significantly different between groups.

Bollo et al. [17] conducted another randomized controlled
trial of 140 laparoscopic right hemicolectomy patients. The trial
showed that the length of the incision was shorter with the intra-
corporeal anastomosis technique (median of 6.7 cm vs. 8.7 cm, p <
0.001), as was the rate of recovery of bowel function. The study
exhibited good results in postoperative pain management and
complications. On the other hand, the operation time was rather
long (median of 149 minutes vs. 123 minutes, p < 0.001).

There are also several systemic reviews and meta-analysis
studies [18-23]. Aiolfi et al. [23] published the results of a meta-
analysis of 23 studies. The analysis reported that the intracorpo-
real anastomosis technique improved bowel function recovery,
as measured by gas excretion and diet control; shortened hospital
stays; and lowered the rate of surgical site infections and postop-
erative complications.

Although many studies have reported improvement in out-
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comes after laparoscopic intracorporeal anastomosis in colorectal
surgery, extracorporeal anastomosis is more common in the op-
erating room. This might be because intracorporeal anastomosis
requires a skilled laparoscopic suture technique and a slightly
longer operation time.

In this study, the intracorporeal anastomosis technique was
attempted surgically due to technical difficulties with extracor-
poreal management, such as shortness of extracted bowel length
to manipulate and unexpected mesenteric bleeding during the
bowel extraction, especially in obese patients.

To reduce surgical site infection, all patients in this study un-
derwent mechanical bowel preparation with oral antibiotics. Be-
cause we did not use laparoscopic bowel clamps, we experienced
minor stool leakage during a procedure making holes in the
bowel wall and manipulation of linear cutter staplers. To mini-
mize contamination of minor stool leakage, we used betadine
gauze, which was put around the area where anastomotic proce-
dure was performed. Surgical site infection was not observed in
the intracorporeal anastomosis group.

The intracorporeal anastomosis was performed with a total of
three linear cutter staplers in isoperistaltic manner. One linear
cutter stapler was used for cutting the transverse colon, whereas
another linear cutter stapler was used for cutting the terminal
ileum. One fixing suture was made between the proximal end
of the transverse colon and a 7 to 8-cm proximal point from the
distal end of the terminal ileum. After making holes on both
sides of the bowels, the third linear cutter stapler for anastomosis
was inserted through a 12-mm trocar on the left upper quadrant
abdominal site. The remaining small hole in the bowels was
closed with a barbed suture. Mesenteric defects were closed in
all cases. The specimen was extracted through the periumbilical
incision with an extension of the 11-mm trocar wound for the
laparoscopic camera.

We expected that intracorporeal anastomosis had some ad-
vantage, such as shorter dissection length of the transverse colon
and smaller skin incision length while demonstrating technical
difficulties resulting in a longer operation time and higher rates
of surgical site infection or anastomotic leakage. However, this
study did not show any difference in postoperative outcomes be-
tween the groups

This study has limitations caused by the retrospective study
design with small number of patients and heterogeneous operat-
ing procedures

In conclusion, postoperative outcomes are comparable between
intracorporeal and extracorporeal anastomosis. In laparoscopic
colectomy, intraoperative anastomosis could be considered a safe
and feasible technique for benign and malignant tumor diseases.
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