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Abstract

Introduction Single-port laparoscopic extended right hemicolectomy with complete mesocolic excision and central vascular
ligation is technically challenging, and a standardized procedure is needed to minimize technical hazards.

Technique As a first step, the hepatic flexure is mobilized from the duodenum, and the third part of the duodenum and
pancreatic head was exposed. Next, the ileocecal vessels are divided at the root using a medial-to-lateral approach, and the
cecum is separated from the retroperitoneal space. This process completes the mobilization of the right colon. In the second
step, the omental bursa is opened, and the inferior border of the pancreas is exposed. The mobilized right colon is turned
around to the left of the superior mesenteric vein, continuing to separate the mesentery from right to left side, and the right
colic vessels are divided at the roots. The inverted right colon is restored to its original position, and the mesenteric fat is
dissected along the left edge of the superior mesenteric artery to the inferior border of the pancreas.

Results A total of 57 consecutive patients with advanced hepatic flexure colon cancer (n=24) and transverse colon cancer
(n=33) underwent S-ERHC. The conversion rate to open surgery was 5.3%. Operative time, blood loss, and number of har-
vested lymph nodes were 232 min (interquartile range [IQR], 184-277 min), 5 mL (IQR, 5-66 mL), and 30 (IQR, 22-38),
respectively. According to the Clavien—Dindo classification, the grade >2 complication rate was 10.5%. Median duration of
hospitalization was 9 days (IQR, 7-13 days).

Conclusions Single-port laparoscopic extended right hemicolectomy using a right colon rotation technique is safe, feasible,
and useful. This technique of repeating the inversion and restoration of the right colon may help avoid bleeding and damage
to other organs and facilitate reliable lymph node dissection.

Keywords Right colon cancer - Single-incision laparoscopic surgery - Extended right hemicolectomy - Approach

The concept of complete mesocolic excision (CME) with
central vascular ligation (CVL) has been introduced for
colon cancer, and is known to result in superior oncologic
outcomes [1, 2]. In advanced cancer of the hepatic flexure
colon or proximal transverse colon, dissection of lymphoadi-
pose tissue along the superior mesenteric artery (SMA) and
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inferior border of the pancreas has been advocated, under a
concept known as D3 lymphadenectomy [3], and extended
right hemicolectomy is required.

A few studies have reported the safety and feasibility of
single-incision laparoscopic right hemicolectomy compar-
ing to multi-port laparoscopic surgery [4, 5]. However, no
studies have yet evaluated the clinical outcomes of single-
port laparoscopic extended right hemicolectomy (S-ERHC).
S-ERHC is technically challenging because of the compli-
cated vasculature, and techniques have not been standard-
ized. Here, we propose a novel technique that appears useful
for S-ERHC.
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Patients and methods
Patients

Between April 2015 and April 2019, extended right hemi-
colectomy for hepatic flexure colon cancer or proximal
transverse colon cancer was performed on 70 patients at
two hospitals, including 5 patients with open surgery, 4
with multi-port laparoscopic surgery, and 61 with single-
port surgery. Among the 61 patients who underwent sin-
gle-port surgery, we excluded two patients who had previ-
ously undergone ileocecal resection (n=1) or transverse
colectomy (n=1). Two other patients with single-port sur-
gery were excluded from analysis because they underwent
simultaneous gastrectomy. A final total of 57 patients was
thus evaluated in this study.

Extended right hemicolectomy with D3
lymphadenectomy

S-ERHC was performed for hepatic flexure or proximal
transverse colon cancer by 3 surgeons, two of whom had
experience performing more than 200 single-port surger-
ies. The third surgeon was a novice. We performed D3
lymph node dissection in all patients. D3 lymphadenec-
tomy involves complete dissection of regional lymph
nodes, including the pericolic lymph nodes (201, 211,
and 221), intermediate lymph nodes (202, 212, 222-rt,
and 222-1t), and main lymph nodes (203, 213, and 223)
along the superior mesenteric arteries as defined by the
Japanese Society for Cancer of the Colon and Rectum [3].
We performed lymph node dissection within the range of
the D3 area, as follows: cranial margin, inferior border of
the pancreas; left-side margin, left edge of the SMA; and
caudal margin, root of the ileocolic artery (ICA) and vein
(ICV), by ligating the root of arteries and veins belonging
to the right colon (Fig. 1).

Surgical procedures
Port setting

A single intra-umbilical incision of 25-30 mm was made,
and an E-Z Access port device (Hakko, Nagano, Japan)
was placed on the Lap Protector™ (Hakko) for insertion of
two 5-mm trocars and one 12-mm trocar into an equilateral
triangle, as described previously [6].
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Fig. 1 Situs after lymph node dissection

First step: mobilization of the right colon

The operating surgeon stands on the left side of the patient
to start the surgery (Fig. 2A). First, we start with right
colon mobilization. With the patient in a reverse Tren-
delenburg with right side elevated, the hepatic flexure is
mobilized from the second part of the duodenum (Fig. 2B);
then continuing down, the dorsal aspect of the ascending
mesentery and the mesenteric root are separated from the
third part of the duodenum and pancreatic head (Fig. 2C).
Next, changing the surgical position to the Trendelenburg
position with right side elevated, we incise the peritoneum
in the mesentery at the inferior edge of the ileocolic vas-
cular pedicles (at the lower border of the D3 area). After
division of the ICA and ICV, the mesentery is mobilized
sharply, preserving the right prerenal fascia and prepancre-
atic fascia through the mesocolic plane, continuing up to
the left side of the SMA and toward the ligament of Treitz
while simultaneously removing fat from the caudal side
to the cranial side until reaching the gastrocolic trunk of
Henle (GCT) and middle colic artery (MCA) roots. The
cecum is separated from the retroperitoneal tissues. As of
this point in the process, mobilization of the right colon
has been completed.

Second step: D3 lymphadenectomy with CME and CVL

The operating surgeon moves between the legs of the patient,
with the camera holder on the left (Fig. 3A). Changing the
surgical position to the reverse Trendelenburg position with
right side elevated again, the right colon is rotated from
right to left around the superior mesenteric vein (SMV),
continuing to carefully separate the right colic mesentery
from the duodenum and pancreatic head (Fig. 3B). If the
right colic artery (RCA) and right colic vein are observed
at this time, they are divided at the respective roots. The
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Fig.2 A Schematic of positions A

of the operating surgeon and
laparoscopist. B Mobilization of
the hepatic flexure. C Separa-
tion of the right colon from the
third part of the duodenum and
pancreatic head

Operator

Fig.3 A Schematic of the positions of the operating surgeon and
laparoscopist. B Rotation of the right colon from right to left around
the SMV. Division of the ARCV (C), MCV (D), MCA (E) using a
right colon rotation technique. F Dissection of lymphoadipose tissue

greater omentum is separated from the transverse colon,
and the omental bursa is opened; then the inferior border of
the pancreas is exposed. Deploying the right gastroepiploic
vein to the ventral side, the gastroepiploic vessels are sepa-
rated from the transverse mesocolon and pancreas accord-
ing to the embryological planes. If the accessory right colic

from caudal to cranial along the left edge of the SMA. SMV superior
mesenteric vein; ARCV accessory right colic vein; MCV middle colic
vein; MCA middle colic artery; SMA superior mesenteric artery

vein (ARCYV) is observed at this time, it is divided at the
root from the anterior superior pancreaticoduodenal vein.
Furthermore, separating the mesentery from right side to
left side, the ARCYV is divided at the root from the GCT
(Fig. 3C), the middle colic vein (MCV) is divided at the
root from the SMV (Fig. 3D), and the MCA is divided at
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the root from the SMA (Fig. 3E). The inverted right colon
is restored to its original position, and the mesenteric fat is
dissected from caudal to cranial along the left edge of the
SMA to the inferior border of the pancreas (Fig. 3F). Repeat-
ing the inversion and restoration of the right colon according
to variations in vascular anatomy is very important to avoid
bleeding and damage to other organs and to achieve reli-
able lymph node dissection. Finally, the terminal ileum and
central transverse colon are divided. An extracorporeal func-
tional end-to-end anastomosis is then created. Drains are not
used. All skin incisions are closed with absorbable sutures.

Results

A total of 57 consecutive patients with stage I-III hepatic
flexure colon cancer (n=24) and transverse colon cancer
(n=33) who underwent S-ERHC were enrolled in this study.
Patient profiles are summarized in Table 1. Median tumor
size was 40 mm (IQR, 30-55 mm). The overall cohort com-
prised 8 patients with clinical stage I, 16 with stage II, and
33 with stage III. No patients in this study received neo-
adjuvant chemotherapy. Table 2 summarizes the operative
findings. Three of the patients required conversion to open
surgery. The reason for conversion was strong inflamma-
tory adhesion to the small intestine in 1 patient, stomach
invasion in 1 patient, and duodenal invasion in 1 patient.
No conversion to multi-port laparoscopic surgery was per-
formed in any patient. Median operative time was 232 min
(IQR, 184-277 min). Median blood loss was 5 mL (IQR,
5-66 mL). The median number of harvested lymph nodes
was 30 (IQR, 22-38). Median length of the skin incision
was 37 mm (IQR, 30-55 mm). Table 3 summarizes the post-
operative complications. According to the Clavien—Dindo

Table 1 Patient profiles

Variables Data
Age, years, median (IQR) 75 (67-81)
Sex, male/female 23/34

BMI, kg/m?, median (IQR)
Tumor location

23.5 (20.4-25.6)

Hepatic flexure/transverse 24/33
ASA score, 1 or2/>3 47/10
Previous abdominal surgery 25
Clinical stage, I/II/III 8/16/33
Tumor size, mm, median (IQR) 40 (30-55)

Quantitative variables are expressed as median (interquartile range,
IQR)

ASA score American Society of Anesthesiology Score, BMI body
mass index
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classification, the grade >2 complication rate was 10.5%.
Median length of hospital stay was 9 days (IQR, 7—13 days).

Discussion

In extended right hemicolectomy, the difficulty of surgery is
due to the complexity of anatomy related to the mesenteric
planes and vascular anatomy. In particular, the complexity of
venous anatomy [7] has been increasing the risk of intraop-
erative bleeding, which can reduce the quality of curability.
It is very important that the oncological advantages of CME
not be jeopardized and the advantages of the laparoscopic
approach be maintained, regardless of open, laparoscopic,
or single-port laparoscopic surgery. We thus advocate a right
colon rotation technique (the flip-flap method) in S-ERHC,
as useful in terms of dividing colic vessels while checking
the outline of lymphoadipose tissue to be dissected.

In single-port laparoscopic right hemicolectomy,
medial-to-lateral [5, 8] and inferior-to-superior approaches
[9] have been reported, with CVL of the middle colic
and ileocolic vessels performed before separating the

Table 2 Operative findings

Variables Data

Operative time, min

Median (IQR) 232 (184-277)

Mean +SD 236+ 64
Blood loss, mL

Median (IQR) 5 (5-66)

Mean +SD 57+139
Number of harvested lymph nodes

Median (IQR) 30 (22-38)

Mean +SD 31+15
Conversion 3

Quantitative variables are expressed as median (interquartile range)
and mean (standard deviation, SD)

Table 3 Postoperative complications

Postoperative complication (grade >?2)

Anastomotic bleeding
Anastomotic leakage
Wound infection

Abdominal abscess

Bowel obstruction
Perioperative death
Total

1
0
1
3
Pneumonia 1
1
0
6
Length of hospital stay, days, median (IQR) 9

(7-13)
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mesocolon from the retroperitoneal layer. A cranial
approach has recently been reported for multi-port lapa-
roscopic right hemicolectomy [10], with CVL of the mid-
dle colic vessels performed after reversal of the torsion
and fusion of the transverse mesocolon. Regardless of the
medial-to-lateral, inferior-to-superior, or cranial approach,
the operative view is only from the cranial or caudal side,
so the procedure is limited to surgical operations in front
of the always-partitioned mesocolon, which may result in
injury to tissues behind the partitioned mesocolon. On the
other hand, open surgery has conventionally employed a
lateral approach [11]. Using a lateral approach, the trans-
verse mesocolon can be completely separated from the
adjacent organs without injuring the mesocolon, before
dividing the middle colic vessels. From the concept of
CME, we consider that a lateral approach seems to repre-
sent the most reasonable option.

In laparoscopic surgery, a lateral approach is consid-
ered very difficult due to the limits on operative space and
maneuverability of the forceps [10]. However, the right
colon rotation technique can overcome this weakness. First,
in this technique, the mobilized right colon can be deployed
in various directions, and the optimal operative field can
be developed regardless of variations in vascular anatomy.
These advantages are associated with reductions in other
organ injury and unexpected intraoperative bleeding. Sec-
ond, the rotated right colon is physically stable and does
not require dynamic development, allowing the surgeon to
lightly add tension to achieve safe vascular treatment with-
out damaging the mesentery, like a lateral approach in open
surgery. Moreover, the platform attached to the umbilicus
can be rotated in single-port laparoscopic surgery, and the
surgery can be continued while maintaining a coaxial setting
with respect to the operative targets.

Various limitations to our study need to be considered
when interpreting these results. First, the study cohort was
small and the investigation was retrospective in design. Sec-
ond, the BMI in our cohort was typical of a Japanese popula-
tion. The generalizability of our results to the higher-BMI
populations of Europe or the United States is thus ques-
tionable, and BMI may significantly affect the feasibility of
rotating the right colon. However, we consider that ERHC
with CME and CVL for advanced hepatic flexure colon or
transverse colon cancer can be performed safely and more
feasibly using a right colon rotation technique.

Conclusions

Single-port extended right hemicolectomy with CME and
CVL using a right colon rotation technique is safe, feasible,
and useful for advanced right colon cancer.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00464-021-08500-3.
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