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Background: Intracorporeal anastomosis (IA) is a difficult but popular
anastomotic approach for reconstruction of digestive tract after laparoscopic
right hemicolectomy, which may reduce some limitations faced during
extracorporeal anastomosis (EA).

Methods: A retrospective review of 78 patients who underwent laparoscopic
right hemicolectomy by a veteran surgeon in a high-volume public tertiary
hospital, including 50 patients with IA and 28 patients with EA. The
intraoperative-related factors and short-term results of the two anastomotic
approaches were compared.

Results: There was no significant difference in demographics and clinical
characteristics between the two groups (P>0.05). The intraoperative blood loss
was less (P=0.010) and the incision length was shorter (P<0.001) in the
intracorporeal group. Postoperative farting time was faster (P=0.005) and
postoperative pain score (VAS) was lower (P<0.001) in IA group. Although the
anastomotic time of IA was shorter (P<0.001), the operative time of the two
groups were similar. And number of lymph nodes harvested, NLR from POD; to
PODs, postoperative hospital stay and overall hospital stay between the two
groups were comparable. Except for significant difference in abdominal infection
rate, the Clavien-Dindo classification and the incidence of other postoperative
complications were not statistically different. Moreover, the morbidity of
abdominal infection decreased with time in the IA group (P=0.040).
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Conclusion: |A is a reliable and feasible procedure, which has faster
anastomotic time, earlier return of bowel function and superior postoperative
comfort of patient, compared to EA. The postoperative complication rate of IA
is similar to that of EA, and may be improved with the IA technical maturity of
surgeons, which potentially contributes to the development of ERAS.

KEYWORDS

anastomotic approach, intracorporeal anastomosis, extracorporeal anastomosis,
functional end-to-end anastomosis, stapled techniques, laparoscopic
right hemicolectomy

1 Introduction

With the development of laparoscopic technology and staplers,
the difficulty of totally laparoscopic resection and intracorporeal
anastomosis (IA) is greatly reduced (1), and laparoscopic
colectomy has been widely used in the treatment of colon cancer.
Nonetheless, the complication rate after laparoscopic surgery is
still high, which in part is related to the failure of anastomosis and
reconstruction of the digestive tract (2). In addition to the
anastomosis methods (side-to-side anastomosis, end-to-side
anastomosis, etc.), it has been suggested that different
anastomotic approaches may affect the recovery after
laparoscopic right hemicolectomy in the previous studies, which
can be divided into IA and extracorporeal anastomosis (EA) (3). IA
is a critical step in total laparoscopic right hemicolectomy, in which
all resection and anastomosis of bowel are performed
intracorporeally, with a small incision to dislodge the
intraoperative specimen (3); while EA refers to the laparoscopic-
assisted resection and anastomosis after the externalization of the
bowel through an abdominal incision (4). The theoretical
advantages of laparoscopic IA include but not limit that it would
avoid having to extract the bowel and mesentery through the thick
abdominal wall in obese patients; it would reduce the hazard of
intestinal and mesenteric twisting and tension during EA (5, 6).
However, intestinal bacteria cannot be completely eliminated even
by adequate preoperative bowel preparation and the bowel requires
to be opened during IA, hence it is difficult to prevent the
abdominal environment from bacterial contamination due to the
leakage of intestinal contents and the contact of linear staplers with
intestinal lumen. In addition, the technical difficulty of IA has
discouraged some young doctors. Therefore, there are still some
disputes about the impact of IA and EA on the perioperative
period. Our hospital is a high-volume public tertiary hospital with
a dedicated colorectal cancer team which has developed
laparoscopic colectomy since 2013 and performed stapled
anastomosis through IA or EA. This study reviewed laparoscopic
right hemicolectomy through IA or EA in recent years and
compared their intraoperative and postoperative outcomes.
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2 Patients and methods

2.1 Patients

From September 2019 to April 2022, 78 patients who received
laparoscopic right hemicolectomy were included in this study. All of
these operations were performed by the same surgeon who
specialized in totally laparoscopic colectomy (TLC) and open
colon surgery. The operating surgeon has hundreds of cases of
intracorporeal anastomosis and extracorporeal anastomosis in
laparoscopic colectomy experience. The decision of anastomotic
approaches was made randomly by the chief physician during the
operation. The patients did not participate in the decision-making
of anastomosis approaches.

Inclusion criteria included the preoperative diagnosis of the
tumor in the cecum, the ascending colon or the hepatic flexure;
laparoscopic right hemicolectomy through IA or EA;
postoperative negative resection margin. Patients with other
malignant tumors, urgent colectomy due to complications,
coagulation dysfunction or organ dysfunction, having received
neoadjuvant chemotherapy or colostomy were excluded
(Figure 1). Written informed consent was obtained from all
selected patients. This study was reviewed and approved by the
Ethics Committee of Fujian Provincial Hospital.

Baseline characteristics of patients included age, sex, Body Mass
Index (BMI), American Society of Anesthesiologists classification
(ASA), TNM staging and prior abdominal surgery. Intraoperative-
related factors that included anastomotic approaches, anastomotic
time, operative time, length of incision, number of harvested lymph
nodes and intraoperative blood loss were recorded. Intracorporeal
or extracorporeal anastomotic time started with punching in the
ileal and colonic stumps and ended with closing the common
opening of anastomosis, which was recorded by watching surgical
video. Postoperative short-term outcomes collected included time
to first passage of gas, visual analog scale (VAS) for postoperative
pain, postoperative hospital stay, total hospital stay, neutrophil-to-
lymphocyte ratio (NLR) during POD1 and POD3, Clavien-Dindo
grade and postoperative complications. Among post-complications,
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1+ Screening of patients with
laparoscopic right hemicolectomy
through hospital electronic medical
records, September 2019 to April
2022, N=249;

2. Patients diagnosed with the tumor
in the cecum, the ascending colon or
the hepatic flexure, N=231;

3. Patients with metastasis
(N=26) or history of other
malignant tumors (N=21);

excluded

4. Patients undergoing -
urgent colectomy (N=34) or
postoperative positive
resection margin (N=1);

excluded

5+ Patients diagnosed with the right
colic tumor and undergoing selective
laparoscopic right hemicolectomy,
N=149;

6+~ Conversion to laparotomy
(N=22); Patients receiving
neoadjuvant chemotherapy

or colostomy (N=49);

excluded

FIGURE 1

Flowchart of IA and EA Patient Selection in laparoscopic right
hemicolectomy. IA, intracorporeal anastomosis; EA, extracorporeal
anastomosis.

postoperative ileus refers to the lack of bowel movement in the early
postoperative stage (3-7 days after surgery). It was defined as the
inability to fart, defecate and restore the tolerance for eating (7),
then was diagnosed ultimately by imaging evidences like X-ray or
CT, etc.

2.2 Surgical technique

Amongst 78 patients, IA was performed in 50 patients and EA
was performed in 28 patients. In the intracorporeal group, ileocolic
and right colic vessels were exposed and ligated laparoscopically at
vascular pedicles, and the mesocolon and ileal mesentery were
completely liberated before transection of colon. The cutting line
was perpendicular to the colonic axis for intracorporeal resection
using a linear stapler equipped with the cutting knife. After
laparoscopic resection of specimen, two 5-10mm holes were made
in the ileal and colonic stumps, and two prongs of linear staplers
were inserted into the two holes for intracorporeal functional end-
to-end anastomosis (FEEA, also known as side-to-side
anastomosis). The mucosal lumen of anastomosis was checked
carefully for hemostasis after 10-30 seconds of evenly clamping
stapler. Then the common opening of FEEA was closed with the
same stapler. The serosal bleeding of anastomosis was examined
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and was stanched with electric scalpel. Then the hole of Trocar at
umbilical region was selected as incision to install the incision
protector and remove the specimen.

In the extracorporeal group, ileocolic and right colic
exteriorization and enterotomy were performed by widening the
hole of Trocar at umbilical site, which followed by using linear
staplers for extracorporeal FEEA and closing the common opening.
The mesenteric notch was sutured after the blood supply of the
anastomosis was checked, and the anastomosed bowel was placed
back into the abdominal cavity.

2.3 Statistical analysis

All statistical analyses were conducted using SPSS software
(IBM SPSS Statistics for Windows, version 25.0, Armonk, NY,
USA). The independent samples t-test was used for the
comparison of measurement data with normal distribution
among groups. The Wilcoxon rank-sum test was used to compare
the measurement data with skewed distribution and compare the
ordinal data among groups. The chi-square test or Fisher’s exact test
was used for the analysis of count data. P-values < 0.05 were
considered statistically significant.

3 Results

From September 2019 to April 2022, 44 males and 34 females
were included in this retrospective study with a mean age of 61.97
years (range: 40 - 88 years) and a mean BMI of 22.74 kg/m2 (range:
15.33 - 32.95 kg/m2). Among them, 28 patients underwent EA and
50 patients underwent IA. All patients are ASA II-III and survival
within 30 days of surgery. There was no difference in demographics
and clinical characteristics between the two groups
(P>0.05) (Table 1).

Both groups completed laparoscopic right hemicolectomy and
lymph node dissection. Intraoperative conditions of two
anastomotic approaches are shown in Table 2. None of selected
patients were converted to laparotomy. No statistical difference was
observed with respect to lymph node dissection and operation time
(P>0.05), yet anastomotic time between the two groups were
significantly different (P<0.001); the anastomosis time of EA
group was significantly longer than that of IA group. Compared
with EA, the IA group had less intraoperative blood loss (median:
30 mL, P=0.010) and smaller incision (median: 3 cm,
P<0.001) (Table 2).

Postoperative outcomes of two groups are manifested in
Table 3. No statistical difference between the two groups was
found in terms of postoperative hospital stay (P=0.294), totally
hospital stay (P=0.366) and NLR during POD1 and POD3 (P>0.05),
but the postoperative pain scores of IA group significantly
decreased (P<0.001) and the first fart time of EA group
significantly delayed (P=0.006). 27 patients in the two groups had
at least one postoperative complication, including anastomotic
leakage, anastomotic bleeding, abdominal infection, surgical site
infection and postoperative ileus, and thereof the incidence of
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TABLE 1 Baseline clinical characteristics of patients between the extracorporeal anastomosis (EA) group and intracorporeal anastomosis (I1A) group.

EA group (n=28) IA group (n=50) P value

Age 61.29 + 15.92 62.36 + 10.46 0.750
Sex 0.922

Male 16(57.1%) 28(56.0%)

Female 12(42.9%) 22(44.0%)
BMI 23.59(5.00) 22.09(4.00) 0.288
ASA classification 0.179

I 8(28.6%) 22(44.0%)

11 20(71.4%) 28(56.0%)
Prior abdominal surgery 4 (14.3%) 7 (14.0%) 1.000

abdominal infection between groups existed statistical difference
(P=0.044), while there was no significant difference in other
complications (Table 3).

Patients in the IA group were divided into three groups based
on timeline: from September 2019 to August 2020 (group A), from
September 2020 to June 2021 (group B), and from July 2021 to April
2022 (group C). 6, 3, and 0 cases of abdominal infection were
observed respectively among the 3 groups (P=0.040), without
difference between each group (P>0.05) (Table 4).

4 Discussion

The feasibility and safety of laparoscopic colectomy in terms of
radical resection have been demonstrated by some trials with high-
level evidence (8, 9). However, different types of anastomotic
approaches have their own drawbacks. Theoretically, EA requires
a larger abdominal incision compared to IA to achieve ileocolic
exteriorization, and undue traction on the mesentery may lead to
bleeding during EA (10). The result of our study demonstrated that
intraoperative blood loss and incision length were reduced in IA
different from EA, and a smaller incision achieved by the IA
technique can decrease the hazard of incisional hernias and
postoperative pain (11, 12). In our study, the postoperative pain
complained basically came from the surgical incision. The incision
of TLC with TA is mainly used for the removal of surgical

TABLE 2 Intraoperative conditions of including patients.

EA group (n=28)

specimens, including trans-umbilical incision which our team
selected, Pfannenstiel incision and trans- McBurney incision,
natural orifice. Although some studies have pointed to a lower
incidence of incisional hernias using the Pfannenstiel incision
compared with using the umbilical incision (13-15), none of
incisional hernia was observed in our patients, so this view has
not been confirmed by us yet. The umbilicus was usually employed
for a Trocar and slightly enlarged to extract the specimen to avoid
adding an incision. We predicted this would alleviate postoperative
pain, less adhesions and offer decent cosmesis. Then our study
verified this hypothesis, which tallied with the findings of Fabozzi
et al. (16).

Our study showed that the first postoperative fart time of
patients in TA group was faster than EA; previous studies have
also found that patients receiving IA recover their diet and defecate
more quicker than EA (17, 18). These evidences suggested that
bowel function recovery after IA was faster, and less bowel
manipulation and reduction of traction were thought to
contribute to it (10, 19). In some research of IA, the bowel
peristalsis recovery after overlap anastomosis (OLA) was found
faster than after FEEA, which may be due to isoperistaltic pattern
after OLA creating more natural digestive reconstruction over
antiperistaltic pattern after FEEA (20, 21). However, these studies
also showed that the difference between two anastomotic mode was
not significant in the incidence of post-complications; On the other
hand, the OLA is more complicated than FEEA, which will prolong

IA group (n=50)

Intraoperative-related factors

Operative time(min) 200.0(84.0) 190.0(60.0) 0.136
Anastomotic time (min) 825+ 1.47 6.06 + 1.09 <0.001
Incision length(cm) 6.0(0) 3.0(2.0) <0.001
Estimated blood loss (ml) 40.0(30.0) 30.0(0) 0.010
Lymph nodes harvested 26.0(23.0) 25.0(14.0) 0.750
EA, extracorporeal anastomosis; IA, intracorporeal anastomosis.
Frontiers in Oncology 04 frontiersin.org
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TABLE 3 Postoperative outcomes of two groups.
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EA group (n=28) IA group (n=50) P value

Postoperative short-term outcomes
NLR of POD, 10.54(10.07) 11.73(8.53) 0.359
NLR of POD, 6.91(5.79) 7.35(9.65) 0.662
NLR of POD; 5.54(5.79) 5.19(5.26) 0.567
first time to flatus (h) 67.6 (28.0) 48.8(43.0) 0.006
Postoperative pain (VAS) 7.0(1.0) 5.0(1.0) <0.001
Postoperative hospital stay (day) 7.5(2.0) 8.0(4.0) 0.294
Totally hospital stay (day) 12.0(2.0) 12.0(9.0) 0.366
Clavien-Dindo classification 0.092

0 19 33

I 5 2

11 3 9

III 0 5

v 1 1
Opverall postoperative complications 9(32.1%) 18(36.0%) 0.731
Anastomotic leakage 0 2(4.0%) 0.534
Anastomotic bleeding 0 1(2.0%) 1.000
Abdominal infection 0 9(18.0%) 0.044
Pulmonary infection 4(14.3%) 7(14.0%) 1.000
Surgical site infection 2(7.1%) 2(4.0%) 0.945
Postoperative ileus 1(3.6%) 4(8.0%) 0.776

EA, extracorporeal anastomosis; IA, intracorporeal anastomosis.

the anastomotic and operative time (20-22). Our chief surgeon was
adept at FEEA and we opined that the theoretical advantages of
OLA may be counterbalanced by our extensive experience of FEEA.

IA reduces tissue trauma by better visualization of anastomosis
and abdominal manipulation under the laparoscopic lens, which
may also be one of explanations for less intraoperative bleeding or
one of reasons for less postoperative inflammatory reaction. NLR is
a validated prognostic scoring system, which uses two different
leukocyte count components to predict short-term systemic
inflammatory response; previous literatures suggested that IA had
less inflammatory reaction than EA (17, 23). In contrast, there was
no significant difference in NLR between the two anastomoses in
our study, which was speculated to be related to the postoperative
complications of the two anastomotic approaches.

Some scholars opined that EA needed more time to arrange the
bowel and mesentery to avoid mesenteric torsion (10, 24). Although
our study discovered that the anastomotic time of IA was shorter
than EA, there was no significant difference respect to the operative
time, probably because the extra time was taken in separating the
mesentery and ileocolic vessels intracorporeally (25). Some studies
(18, 26, 27) even found that TLC required longer operative time
than laparoscopic-assisted colectomy (LAC), which may be related
to the difficulty of performing IA. We conjectured that the mastery
of TA and tacit understanding of the team cooperation would curtail
the anastomotic time and alleviate the difficulty of IA operation.
Hanna et al. (6) also found the operative time was improving
steadily by analyzing the learning curve in IA, believing the overall
operative time of TLC by surgeons well versed in IA should be

TABLE 4 Abdominal infection of intracorporal anastomosis in different periods.

Group A* Group B Group C* P value
Abdominal infection No 11(64.7%) 17(85.0%) 13(100.0%) 0.040
Yes 6(35.3%) 3(15.0%) 0(0%)

* From September 2019 to August 2020; ® From September 2020 to June 2021;  From July 2021 to April 2022.

Frontiers in Oncology

05

frontiersin.org


https://doi.org/10.3389/fonc.2023.1145579
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhou et al.

comparable to that of LAC (5, 17). In addition, it is difficult to judge
whether the bowel or mesentery twisted owing to the limitation of
the assisted incision during EA; While IA reduce the time of
avoiding intestinal and mesenteric twisting and tension
depending on clear laparoscopic observation. Different types of
sutures and materials may also impact the effect of anastomosis. It
has been pointed out that the post-complications of double-layer
anastomosis is less than single-layer anastomosis, and the use of
barbed sutures in double-layer suturing can shorten the
anastomotic time in TLC (28, 29). Although barbed sutures have
not been frequently used by our team hitherto in TLC, it will be
considered to utilize for further reducing the anastomotic time and
post-complications of IA, which is significant for the development
of totally laparoscopic surgery.

In addition to intraoperative-related factors, the occurrence of
postoperative complications is often discussed when comparing the
anastomotic approaches, and the reports are conflicting in
the previous systematic reviews. Our research found that the
incidences of postoperative complications of IA and EA were
equivalent, and there was no difference between them when
stratifying postoperative complications according to Clavien-
Dindo classification in detail.

Theoretically it is redundant to drag out the bowel from coelom
for stapling during IA, hence fewer bowel operations are required
for IA and the incisions are less likely to be contaminated (30).
However, no significant difference was observed in the
postoperative ileus and surgical site infection (SSI) between the
two anastomotic techniques, which may be induced by the low
morbidity seemly due to limited sample size. Anastomotic leakage is
one of the most concerned postoperative complications. It has
previously been shown that exteriorization of the bowel, hand-
sewn anastomosis and compromised vascular supply by
lengthening of the mesentery bring about a higher incidence of
anastomotic leaks in EA (17, 31). Our team was used to performing
manual suture after stapled anastomosis regardless of whether IA or
EA, which may be the reason for the low incidence rate and
statistical similarity of anastomotic leakage and anastomotic
bleeding between the two anastomotic methods in our study. It
was worth noting that half of the complications in the IA were
abdominal infections, which was significantly different from EA.
Although many scholars indeed speculated that opening the bowel
during TA increased the hazard of abdominal infection, their
findings did not definitely support it (2, 17). We had found
several years ago that the postoperative abdominal infection rate
in IA was higher than EA, so we had tried a variety of methods to
prevent it, including adequate preoperative bowel preparation,
sufficient intraoperative peritoneal lavage and improving the
postoperative nutrition and immunity. Further research revealed
that the abdominal infection rate after IA had been descending in
recent years, which may be related to the preventive measure or IA
technical strides of our surgeons. We infer that with the comfort of
our surgeons for IA technique, the abdominal infection after IA will
further decline in the next few years (6); and as the incidence of
postoperative complications such as abdominal infection decreases,
the superiority of IA in postoperative recovery may be gradually
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revealed, including shortening the length of hospitalization and
reducing the inflammatory response, which is relevant for the
realization of “enhanced recovery protocol (ERAS)”.

5 Conclusion

In our opinion, IA is a safe and reliable technology and even has
an advantage over EA in terms of anastomotic time, incision length,
during surgery, intraoperative blood loss, postoperative pain and
bowel function recovery. Along with the advance of IA technique,
smaller hazard of postoperative complications will be obtained and
the potential of IA in ERAS will be gradually realized. In addition,
due to the limited patient number in this study, more cases will be
required to verify these views in the future.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding authors.

Author contributions

YHZ, YCZ, CW and RY analyzed the data and wrote the
manuscript. XL, ST and WC searched and collected data. YM and
CY: modify the draft. SL, WL: designed the study. All authors
contributed to the article and approved the submitted version.

Funding

This work was supported by the Sail Fund of Fujian Medical
University (grant number 2017XQ1151) and Foundation of 2020
Fujian Provincial Department of Finance Health and Health
Provincial Special Subsidy.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fonc.2023.1145579
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhou et al.

References

1. Kano M, Hanari N, Gunji H, Hayano K, Hayashi H, Matsubara H. Is “functional
end-to-end anastomosis” really functional? a review of the literature on stapled
anastomosis using linear staplers. Surg Today (2017) 47(1):1-7. doi: 10.1007/s00595-
016-1321-9

2. van Oostendorp S, Elfrink A, Borstlap W, Schoonmade L, Sietses C, Meijerink J,
et al. Intracorporeal versus extracorporeal anastomosis in right hemicolectomy: a
systematic review and meta-analysis. Surg Endosc. (2017) 31(1):64-77. doi: 10.1007/
500464-016-4982-y

3. Grams J, Tong W, Greenstein AJ, Salky B. Comparison of intracorporeal versus
extracorporeal anastomosis in laparoscopic-assisted hemicolectomy. Surg Endosc.
(2010) 24(8):1886-91. doi: 10.1007/s00464-009-0865-9

4. Nors J, Sommer T, Wara P. Leakage rate after laparoscopic ileocolic
intracorporeal anastomosis. / Laparoendosc Adv Surg Tech A. (2018) 28(11):1287-93.
doi: 10.1089/1ap.2018.0219

5. Creavin B, Balasubramanian I, Common M, McCarrick C, El Masry S, Carton E,
et al. Intracorporeal vs extracorporeal anastomosis following neoplastic right
hemicolectomy resection: a systematic review and meta-analysis of randomized control
trials. Int J Colorectal Dis (2021) 36(4):645-56. doi: 10.1007/s00384-020-03807-4

6. Hanna MH, Hwang GS, Phelan M]J, Bui TL, Carmichael JC, Mills SD, et al.
Laparoscopic right hemicolectomy: short- and long-term outcomes of intracorporeal
versus extracorporeal anastomosis. Surg Endosc. (2016) 30(9):3933-42. doi: 10.1007/
500464-015-4704-x

7. Vather R, Trivedi S, Bissett I. Defining postoperative ileus: results of a systematic
review and global survey. ] Gastrointest Surg (2013) 17(5):962-72. doi: 10.1007/s11605-
013-2148-y

8. Tinmouth J, Tomlinson G. Laparoscopically assisted versus open colectomy for
colon cancer. N Engl ] Med (2004) 351(9):933-4. doi: 10.1056/NEJM200408263510919

9. Guillou PJ, Quirke P, Thorpe H, Walker J, Jayne DG, Smith AM, et al. Short-term
endpoints of conventional versus laparoscopic-assisted surgery in patients with
colorectal cancer (MRC CLASICC trial): multicentre, randomised controlled trial.
Lancet (2005) 365(9472):1718-26. doi: 10.1016/S0140-6736(05)66545-2

10. Feroci F, Lenzi E, Kroning KC, Moraldi L, Cantafio S, Borrelli A, et al.
[Feasibility and effectiveness of laparoscopic right colectomy with extracorporeal
anastomosis]. Minerva Chir. (2011) 66(1):41-8.

11. Senagore AJ, Delaney CP. A critical analysis of laparoscopic colectomy at a
single institution: lessons learned after 1000 cases. Am J Surg (2006) 191(3):377-80. doi:
10.1016/j.amjsurg.2005.10.039

12. Schwenk W, Haase O, Neudecker ], Muller JM. Short term benefits for
laparoscopic colorectal resection. Cochrane Database Syst Rev (2005) 2005(3):
CD003145. doi: 10.1002/14651858.CD003145.pub2

13. Orcutt ST, Balentine CJ, Marshall CL, Robinson CN, Anaya DA, Artinyan A,
et al. Use of a pfannenstiel incision in minimally invasive colorectal cancer surgery is
associated with a lower risk of wound complications. Tech Coloproctol. (2012) 16
(2):127-32. doi: 10.1007/s10151-012-0808-7

14. Milone M, Elmore U, Di Salvo E, Delrio P, Bucci L, Ferulano GP, et al.
Intracorporeal versus extracorporeal anastomosis. results from a multicentre
comparative study on 512 right-sided colorectal cancers. Surg Endosc. (2015) 29
(8):2314-20. doi: 10.1007/s00464-014-3950-7

15. Kisielinski K, Conze J, Murken AH, Lenzen NN, Klinge U, Schumpelick V. The
pfannenstiel or so called “bikini cut”: still effective more than 100 years after first
description. Hernia (2004) 8(3):177-81. doi: 10.1007/s10029-004-0210-0

16. Fabozzi M, Allieta R, Brachet Contul R, Grivon M, Millo P, Lale-Murix E, et al.
Comparison of short- and medium-term results between laparoscopically assisted and
totally laparoscopic right hemicolectomy: a case-control study. Surg Endosc. (2010) 24
(9):2085-91. doi: 10.1007/s00464-010-0902-8

Frontiers in Oncology

07

10.3389/fonc.2023.1145579

17. Emile SH, Elfeki H, Shalaby M, Sakr A, Bassuni M, Christensen P, et al.
Intracorporeal versus extracorporeal anastomosis in minimally invasive right
colectomy: an updated systematic review and meta-analysis. Tech Coloproctol. (2019)
23(11):1023-35. doi: 10.1007/s10151-019-02079-7

18. Liao CK, Chern Y], Lin YC, Hsu Y], Chiang JM, Tsai WS, et al. Short- and
medium-term outcomes of intracorporeal versus extracorporeal anastomosis in
laparoscopic right colectomy: a propensity score-matched study. World ] Surg Oncol
(2021) 19(1):6. doi: 10.1186/s12957-020-02112-2

19. Carnuccio P, Jimeno J, Pares D. Laparoscopic right colectomy: a systematic
review and meta-analysis of observational studies comparing two types of anastomosis.
Tech Coloproctol. (2014) 18(1):5-12. doi: 10.1007/s10151-013-1029-4

20. Bao MDL, Su H, Luo S, Xu Z, Wang XW, Liu Q, et al. [Safety and feasibility of
overlapped delta-shaped anastomosis technique for digestive tract reconstruction
during complete laparoscopic right hemicolectomy]. Zhonghua Zhong Liu Za Zhi.
(2022) 44(5):436-41. doi: 10.3760/cma.j.cn112152-20200714-00655

21. Ozawa H, Sakamoto J, Nakanishi H, Fujita S. Short-term outcomes of
intracorporeal versus extracorporeal anastomosis after laparoscopic colectomy: a
propensity score-matched cohort study from a single institution. Surg Today (2022)
52(4):616-23. doi: 10.1007/s00595-021-02375-6

22. Ozawa H, Toyota N, Sakamoto J, Nakanishi H, Nakanishi R, Fujita S. Mid-term
outcomes of intracorporeal versus extracorporeal anastomosis after laparoscopic
colectomy: a propensity score-matched cohort study from a single institution. Surg
Today (2023). doi: 10.1007/s00595-022-02636-y

23. Mari GM, Crippa J, Costanzi ATM, Pellegrino R, Siracusa C, Berardi V, et al.
Intracorporeal anastomosis reduces surgical stress response in laparoscopic right
hemicolectomy: A prospective randomized trial. Surg Laparosc Endosc Percutan
Tech. (2018) 28(2):77-81. doi: 10.1097/SLE.0000000000000506

24. Senagore AJ, Delaney CP, Brady KM, Fazio VW. Standardized approach to
laparoscopic right colectomy: outcomes in 70 consecutive cases. ] Am Coll Surg (2004)
199(5):675-9. doi: 10.1016/j.jamcollsurg.2004.06.021

25. Hellan M, Anderson C, Pigazzi A. Extracorporeal versus intracorporeal
anastomosis for laparoscopic right hemicolectomy. JSLS (2009) 13(3):312-7.

26. Shapiro R, Keler U, Segev L, Sarna S, Hatib K, Hazzan D. Laparoscopic right
hemicolectomy with intracorporeal anastomosis: short- and long-term benefits in
comparison with extracorporeal anastomosis. Surg Endosc. (2016) 30(9):3823-9. doi:
10.1007/s00464-015-4684-x

27. Cleary RK, Kassir A, Johnson CS, Bastawrous AL, Soliman MK, Marx DS, et al.
Intracorporeal versus extracorporeal anastomosis for minimally invasive right
colectomy: A multi-center propensity score-matched comparison of outcomes. PloS
One (2018) 13(10):€0206277. doi: 10.1371/journal.pone.0206277

28. Milone M, Elmore U, Allaix ME, Bianchi PP, Biondi A, Boni L, et al. Fashioning
enterotomy closure after totally laparoscopic ileocolic anastomosis for right colon
cancer: a multicenter experience. Surg Endosc. (2020) 34(2):557-63. doi: 10.1007/
500464-019-06796-w

29. Bracale U, Merola G, Cabras F, Andreuccetti J, Corcione F, Pignata G. The use of
barbed suture for intracorporeal mechanical anastomosis during a totally laparoscopic
right colectomy: Is it safe? a retrospective nonrandomized comparative multicenter
study. Surg Innov (2018) 25(3):267-73. doi: 10.1177/1553350618765871

30. Ricci C, Casadei R, Alagna V, Zani E, Tafturelli G, Pacilio CA, et al. A critical and
comprehensive systematic review and meta-analysis of studies comparing
intracorporeal and extracorporeal anastomosis in laparoscopic right hemicolectomy.
Langenbecks Arch Surg (2017) 402(3):417-27. doi: 10.1007/s00423-016-1509-x

31. Choy PY, Bissett IP, Docherty JG, Parry BR, Merrie A, Fitzgerald A. Stapled

versus handsewn methods for ileocolic anastomoses. Cochrane Database Syst Rev
(2011) 2011(9):CD004320. doi: 10.1002/14651858.CD004320.pub3

frontiersin.org


https://doi.org/10.1007/s00595-016-1321-9
https://doi.org/10.1007/s00595-016-1321-9
https://doi.org/10.1007/s00464-016-4982-y
https://doi.org/10.1007/s00464-016-4982-y
https://doi.org/10.1007/s00464-009-0865-9
https://doi.org/10.1089/lap.2018.0219
https://doi.org/10.1007/s00384-020-03807-4
https://doi.org/10.1007/s00464-015-4704-x
https://doi.org/10.1007/s00464-015-4704-x
https://doi.org/10.1007/s11605-013-2148-y
https://doi.org/10.1007/s11605-013-2148-y
https://doi.org/10.1056/NEJM200408263510919
https://doi.org/10.1016/S0140-6736(05)66545-2
https://doi.org/10.1016/j.amjsurg.2005.10.039
https://doi.org/10.1002/14651858.CD003145.pub2
https://doi.org/10.1007/s10151-012-0808-7
https://doi.org/10.1007/s00464-014-3950-7
https://doi.org/10.1007/s10029-004-0210-0
https://doi.org/10.1007/s00464-010-0902-8
https://doi.org/10.1007/s10151-019-02079-7
https://doi.org/10.1186/s12957-020-02112-2
https://doi.org/10.1007/s10151-013-1029-4
https://doi.org/10.3760/cma.j.cn112152-20200714-00655
https://doi.org/10.1007/s00595-021-02375-6
https://doi.org/10.1007/s00595-022-02636-y
https://doi.org/10.1097/SLE.0000000000000506
https://doi.org/10.1016/j.jamcollsurg.2004.06.021
https://doi.org/10.1007/s00464-015-4684-x
https://doi.org/10.1371/journal.pone.0206277
https://doi.org/10.1007/s00464-019-06796-w
https://doi.org/10.1007/s00464-019-06796-w
https://doi.org/10.1177/1553350618765871
https://doi.org/10.1007/s00423-016-1509-x
https://doi.org/10.1002/14651858.CD004320.pub3
https://doi.org/10.3389/fonc.2023.1145579
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Intraoperative and postoperative short-term outcomes of intracorporeal anastomosis versus extracorporeal anastomosis in laparoscopic right hemicolectomy
	1 Introduction
	2 Patients and methods
	2.1 Patients
	2.2 Surgical technique
	2.3 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


