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ABSTRACT

INTRODUCTION: Robotic right and left hemicolectomies for colon cancer are among the most common
surgical procedures. In the past decades they began to be performed laparoscopically and in recent years—
by robotic surgical systems. Despite the enhanced recovery protocols and minimal invasiveness of the pro-
cedure, there are still complications. Robotic right and left hemicolectomies with an intracorporeal anasto-
mosis (ICA) are less invasive than the same robotic-assisted procedures, and could lead to fast recovery and
shortening of the postoperative period.

AIM: The aim of the study is to evaluate the feasibility and safety of the intracorporeal anastomosis after
robotic left and right colectomies.

RESULTS AND DISCUSSION: Surgical time was found to be insignificantly shorter in the intracorporeal
anastomosis group: 125.1+37.1 vs. 128.2+21.1 for right colectomy and 147.3+39.1 vs. 153.8+58.1 for left col-
ectomy.

Many studies show similar results, but the advantages of intracorporeal anastomosis evaluated by visual
analog scale (VAS) are even more significant. Our results did not indicate significant difference in number
of harvested lymph nodes: 24.9+11.3 vs. 25.1.9+10.1 and 26.8+9.3 vs. 25.9+11. Anastomotic leakage in ex-
tracorporeal anastomosis (ECA) after left colectomy was significantly higher: 2 (11.7%), <0.001. Wound in-
fections in our patients again were insignificantly higher in ECA 0.0 vs. 1 (4.2%) in right and 1 (6.2%) vs. 1
(5.9%) in left colon. Overall hospital stay was also significantly shorter in ICA left colectomies and insigni-
ficantly in right ones: 7.0+4.9 vs. 7.8+4.1, P=0.217, and 6.1+2.5 vs. 8.0+4.9, P<0.001.

CONCLUSION: The results of our study confirmed the literature data that ICA after colon resection is a safe
and feasible procedure, accepted by many colorectal surgeons
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mosis (ICA) are less invasive than the same robot-
ic-assisted procedures and could lead to fast recov-
ery and shortening of the postoperative period. The
current standard technique includes an extracorpo-
real anastomosis (ECA) with mobilization of the co-
lon, mesenteric traction, and extraction wound locat-
ed in the mid/upper abdomen with relatively higher
postoperative morbidity compared to extraction in-
cisions located in the lower abdomen (1,2).

How to restore the intestinal tract after colonic
resection and create safer anastomosis is still a prob-
lem, which is under debate. Lowering the complica-
tions rate of anastomotic leakage, intraabdominal
abscesses, and surgical site infection is mandatory,
because it will lead to faster recovery, early hospital
discharge, and return to daily activities (3).

Surgical Technique of Extracorporeal Right
Anastomosis

After full mobilization of the specimen and
the terminal ileum, cecum, ascending and right side
of transverse colon, and undocking of the DaVinci
surgical system, supraumbilical midline incision is
made and wound protector is placed. The specimen
is then exteriorized. The ileum and transverse mes-
entery could be transected intracorporeally or after
the specimen extraction using bipolar sealing de-
vices. The terminal ileum and transverse colon are
divided by linear stapler or suture ligation with in-
vagination of the ends of the bowels by purse string.
Ileotransverse anastomosis is constructed using
endo GIA or hand sewn anastomosis. After the com-
pletion of the anastomosis, the bowel is returned in
the abdominal cavity, the drain is placed, and closure
of abdominal wall is performed.

Surgical Technique of Extracorporeal Left
Anastomosis

For left colectomies, after adequate mobiliza-
tion of the left flexure, transverse, descending colon,
and the proximal part of the sigmoid, after high or
low ligation of the inferior mesenteric vein (IMA), a
left pararectal mini laparotomy is done and, after a
wound protector is placed, the specimen is extracted.
Again the mesocolon could be resected intra- or ex-
tracorporeally in the borders of the resection, using
bipolar sealing devices. Further, after manual, purse
string, or linear stapler transection of the specimen

the anastomosis could be created manually or using
endo GIA.

Surgical Technique of Intracorporeal Right
Anastomosis

After complete mobilization of the specimen,
using medial-to-lateral (or CME) or lateral-to-medi-
al mobilization of the right half of the colon and the
terminal ileum with transection of the mesocolon
and ileum mesentery using a vessel sealer, the termi-
nal ileum and transverse colon are transected using
a laparoscopic or robotic endo GIA. The ileum and
transverse colon are aligned and a few traction su-
tures are placed. After that colotomy and enterotomy
are made and endo-GIA jaws are placed and fired.
The created anastomosis is checked for bleeding
and, if there is no hemorrhage, the enterotomies are
closed, using one- or two-layer suturing. The speci-
men is then removed trough a small infra-umbilical
or Pfannenstiel incision. If it is possible, the perfu-
sion of the future anastomosis is evaluated, using in-
docyanine green (ICQG).

Surgical Technique of Intracorporeal Left
Anastomosis

For left colectomy, after adequate mobilization
of the left flexure, transverse, descending colon, and
the proximal part of sigmoid, high or low IMA li-
gation, the mesocolon is resected intra corporally
in the borders of the resection using bipolar sealing
device—a vessel sealer. After that, the proximal and
distal resected boundaries are transected using lap-
aroscopic or robotic endo GIA. If it is possible, the
perfusion of the remnant colon could be evaluated
using ICG. The proximal and distal part of the colon
are subsequently aligned and a few traction suture
are placed. After that, colotomies are performed us-
ing monopolar energy and endo-GIA jaws are placed
and fired. A check for bleeding is recommended,
then the colotomies are closed by one- or two-layer
sutures.

Extracorporeal Anastomosis Advantages and
Disadvantages

Extracorporeal anastomosis allows visual in-
spection and evaluation of the borders of resection
and macroscopic perfusion of the bowels. It decreas-
es the risk of intra-abdominal spillage of intestinal
content during the creation of anastomosis (3).
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Because of the need of exteriorization of the
specimen, the bowel and mesentery must be widely
mobilized to obtain extraction and anastomosis, es-
pecially in obese patients with thick abdominal wall
and short mesentery. In these obese cases, the exte-
riorization of the specimen is challenging, with high
risk of tearing of the bowel mesentery with further
devascularization. In some cases, the specimen can-
not reach the extraction site easily due to tumor size,
mesenteric fat, or short mesentery and the abdomi-
nal opening needs to be enlarged. Midline laparoto-
mies are also associated with an increased risk of in-
cisional hernias (3,4).

In the intracorporeal anastomosis the colon
and/or ileum are not going to be exteriorized and the
mobilization of the specimen does not have to be ex-
tensive. This decreases the risk of mesenteric tearing,
bleeding, and intestinal wall injuries. This may re-
sult in less adhesions and postoperative ileus. The ex-
traction laparotomy is short because the specimen is
already divided, and it is usually placed bellow the
umbilicus, not in the most proper place, where the
colon or ileum will reach the abdominal surface. In
obese patients the creation of intracorporeal anasto-
mosis is facilitated, and it is important to note that,
in some obese patients, extracorporeal minimally in-
vasive anastomosis is impossible. The postoperative
pain and risk for incisional hernia are minimized,
because the specimen extraction could be made in
the most atraumatic part of abdominal wall. The use
of ICG for evaluation of the intestinal perfusion pri-
or to anastomosis could decrease the risk for anasto-
motic leakage with resection of the ischemic part of
the bowels if it is necessary. Some surgeons consider
that the enterotomies for the creation of the anasto-
mosis increase the risk of spillage of intestinal con-
tent intra-abdominally, but others are of the opposite
opinion and believe that, if the patients do not have
intestinal obstruction and if the surgical technique is
precise, this risk could be minimized (5,6,7).

MATERIALS AND METHODS

A retrospective analysis of the data from the ro-
botic surgery registry of Kaspela University Hospi-
tal was conducted. This study was approved by the
Institutional Review Board of the Hospital (approv-
al No. 11/02.04.2023) and performed in accordance
with the Declaration of Helsinki. All data were re-

corded in the hospital database and used for research
purposes.

We chose the last 24 patients with robotic right
colectomy and extracorporeal anastomosis and 16
patients with intracorporeal. In regard to left-sid-
ed hemicolectomies, 17 patients with extracorpore-
al and 16 patients with intracorporeal anastomosis
were included.

Pre-operative variables: age, sex, BMI, comor-
bidity, history of previous abdominal surgery, ASA
score, protein and albumin level, were analyzed. The
blood sample was obtained one or two days prior to
surgery. The operative method, duration of surgery,
concomitant surgery, need of conversion, blood loss,
type of anastomosis created, and type of mini lapa-
rotomy for specimen extraction and/or anastomosis
were assessed. The pathological information about
tumor location and size, number of harvested lymph
nodes were also analyzed. The comparison of in-
tra- and extracorporeal anastomosis included com-
plications, morbidity and mortality rate, VAS score,
time to first flatus, time to stool passage, surgical site
infection, length of hospital stay, and readmission
within 30 days.

Statistical Analysis

All parameters were analyzed using the Statis-
tical Package for Social Sciences (SPSS) version 22
(IBM Corp., Armonk, New York, USA). Propensity
score matching (PSM) was performed using a logistic
regression model. The variables were compared us-
ing chi-squared test. P < 0.05 was considered statisti-
cally significant.

RESULTS
The results that we received can be seen in Ta-
ble 1.

DISCUSSION

In the past decade, due to the improvement of
surgical instrumentation and consumables, like lap-
aroscopic linear staples and barbed suture, the safe
creation of intracorporeal anastomosis during colon-
ic resections became possible. In 2008, Bergamaschi
et al. first described the technique of intracorporeal
anastomosis after a right colectomy. Despite the good
results, many surgeons still do not use intracorpore-
al anastomosis after right and left colectomies due
to lack of proper instruments, technical difficulties,
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Table 1. Results.

Right Colon Right Colon Left Colon Left Colon
n=16 n=24 n=16 n=17
Age (years) 63.24 £12.86 64.33 £ 11.65 0.125 61.03 +£10.78 62.43 £11.96 0.134
Male 9 (56.25%) 14 (58.33%) 0.082 8 (50%) 10 (58.82%) 0.152
Female 7 (43.75%) 10 (41.66%) 8 (50%) 7 (41.17%)
BMI (kg/m?) 25.21 £ 2.55 24.31 £4.16 0.752 24.01 £2.43 24.89 + 3.08 0.715
Comorbidity
Hypertension 4 (25%) 6 (25%) 1.000 4 (25%) 4(23.5%) 0.973
Diabetes 2 (12.5%) 2 (8.3%) 0.987 2 (12.5%) 1(5.88%) 0.867
Cirrhosis 1(6.25%) 1(4.2) 0.870 0 1(5.88%) 0.781
ASA
I 6 (37.5%) 8 (33.3%) 0.539 2 (12.5%) 3 (17.64%) 0.231
I 8 (50.0%) 13 (54.2%) 0.436 10 (62.5%) 9 (52.94%) 0.102
111 2 (12.5%) 3 (12.5%) 1.000 4 (25.0%) 5(29.41%) 0.131
Albumin
<35g/L 2 (12.5%) 2 (8.33%) 0.987 3 (18.75%) 4(23.5%) 0.142
>35¢g/L 14 (87.5) 22 (91.66%) 0.092 13 (81.25%) 13 (76.5%) 0.128
Operative time 125.1 £37.1 128.2 £ 21.1 0.874 147.3 £ 39.1 153.8 £ 58.1 0.673
Anastomosis
Hand sawn 1(6.25%) 22 (91.66%) < 0.001 - 9 (52.95%) <0.001
Stapled 15 (93.75%) 2 (8.33%) <0.001 | 16 (100%) 8 (47.05%) | <0.001
Extraction incision
Supraumbilical 24 (100%) <0.001
Infraumbilical 16 (100%) 16 (100%) <0.001
Pararectal 17 (100%)
Lymph nodes 249+11.3 25.1.9+10.1 0.458 26.8+9.3 259+11.0 0.782
Tumor size (cm) 5.5+4.7 4.8+3.9 0.578 6.1 +3.6 6.3+4.2 0.351
Complications
1(6.2%) 2 (8.33%) 0.241 1 (6.25%) 4(16.7%) <0.001
Type of complications
ﬁ:ﬁ;tg(;m‘)tic -------------------------------------------------- 2(11.7%) | <0.001
Wound infection | --------mmmmmoaee 1(4.2%) 1(6.2%) 1(5.9%)
Postoperative ileus | ---------ccsmooe | mmeemceeooeeo | e 1(5.9%)
Intrabdominal [ (g0 La2m)
Hospital stay 7.0+ 49 7.8+ 4.1 0.217 6.1 +25 8.0+49 <0.001
Hospital
readmission <30 | = -------- 1(4.2%) 1(6.2%) 2 (11.7%)
days
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Visual analog scale

14 POD 41+18 48+2.0 0.356 49427 52419 0.217
27 POD 32+13 34+18 0.151 41+17 44+19 0.483
34 POD 23£07 2.9+09 <0.001 32+13 3411 0.134
First flatus 21+12 25412 0.031 27+1.1 29+13 0.121
Ei:)s\fel;)yrftl 31+15 42116 <0.001 38+12 44+13 <0.001

or concerns about intestinal content and tumor cell
spillage during the creation of anastomosis (8,9).

Surgical time in our patients was found to be
insignificantly shorter in the intracorporeal anasto-
mosis group. This is mainly attributed to our gained
experience in laparoscopic hand sewing and knot-
ting, which is facilitated when using robotic system.
Studies usually show longer surgical time when per-
forming intracorporeal anastomosis (10,11,12).

Extracorporeal anastomosis requires proper
positioning of the laparotomy for extraction of the
specimen and mobilized left or right colon. Often
due to the BMI of the patients, short mesocolon, or
the size of the tumor, the mini laparotomy has to be
enlarged. Many surgeons believe that patients with
an infra-umbilical laparotomy have less postopera-
tive pain, early bowel function recovery, less compli-
cations, especially wound infection (13,14). We pre-
ferred infra-umbilical incision (or Pfannenstiel) for
specimen extraction.

Postoperative pain evaluated by the visual an-
alog scale (VAS) showed significantly less pain on
the third postoperative day only in the intra cor-
poral right colon anastomosis. Many studies show
similar results, but the advantages of intracorpore-
al anastomosis evaluated by VAS were even more sig-
nificant. In the long term many surgeons reported a
low rate of incisional hernias in cases with ECA. Un-
fortunately, we do not have a sufficient time interval
to have obtained a significant data collection for this
criteria (15,16,17).

Some of the advantages of ICA are the better vi-
sualization and alignment of the anastomotic bow-
els. In ECA the bowels need to be pulled out by a
small opening, and sometimes excessive traction is
used, which may cause lacerations of the mesentery
or bowel (13).

Our results did not indicate a significant dif-
ference in the number of harvested lymph nodes be-
tween extra- and intracorporeal left and right colec-
tomies like many others authors. But there are also
researchers’ published results with a higher number
of harvested lymph nodes in intracorporeal anasto-
mosis (18,19).

When we focus on the postoperative complica-
tions, it is obvious that anastomotic leakage in ECA
after left colectomy is significantly higher. Our se-
ries shows that ICA is a safe and feasible technique,
which does not increase the risk of adverse outcomes
in right and left colectomies (21,22). Wound infec-
tions in our patients are insignificantly higher in
ECA. These results are in accordance with the results
of many researchers in the past decade (23,24,25).
The 30-day readmission again shows a similar result.
This result is generally linked to wound complica-
tions, which occur after hospital discharge.

The overall hospital stay is significantly shorter
in ICA left colectomies and insignificantly shorter in
right ones. This is explained with a lower percentage
of postoperative complications in these groups, less
pain, early bowel movement and verticalization of
the patients. The same results are confirmed by oth-
er researchers (14,23).

The strength of this study is that we try to eval-
uate the advantages and disadvantages of intra- and
extracorporeal anastomosis in left and right colon
cancer. This study is limited by its retrospective na-
ture and small number of patients. Long-term results
by larger prospective trials are necessary to confirm
these findings.

CONCLUSION

The results of our study confirmed the litera-
ture data that intracorporeal anastomosis after colon
resection is a safe and feasible procedure, accepted by
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