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1 | INTRODUCTION
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Abstract

Laparoscopic right hemicolectomy (LRH) is utilized worldwide as one of the standard
surgical treatments for right-sided colon cancer. However, there have been issues
concerning its applicability, techniques, and trend. The present study aimed to eluci-
date the current status and trend of LRH by reviewing literature focusing on impor-
tant issues associated with this surgery. Based on previous studies, LRH most likely
provides better short-term outcomes and similar oncological outcomes compared to
open surgery. Despite the increasing use of robotic approach in this surgery, it seems
to have always been associated with longer operative times and greater hospital cost
with limited advantage. Intracorporeal anastomosis seems to improve short-term
outcomes, such as quicker recovery of bowel function, compared to extracorporeal
anastomosis. However, it does not contribute to shorter hospital stay. With regard
to dissection technique, various approaches, and landmarks have been advocated to
overcome the technical difficulty in LRH. This difficulty is likely to be caused by ana-
tomical variation, especially in venous structures. The superiority of one approach or
landmark over another is still argued about due to the lack of large-scale prospective
studies. However, deep understanding both of anatomical variation and characteris-
tics of each approach would be of extreme importance to minimize adverse effects
and maximize patient benefit after LRH.
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most common procedures in colorectal cancer surgery, which is em-

ployed for right-sided colon cancer. However, it has several unique

Since the first report of laparoscopic surgery for colorectal can-
cer in 1991, its popularity has been increasing worldwide based
on evidence that laparoscopic surgery provides better short-term
outcomes and similar oncological outcomes compared with open
surgery, supported by previous large randomized clinical trials
(RCTs).%™ Laparoscopic right hemicolectomy (LRH) is one of the

issues unlike other colorectal cancer surgeries. There were several
different approaches for lymph node dissection (i.e. medial-to-lat-
eral, lateral-to-medial, and cranial-to-caudal) and reconstruction
(i.e. intracorporeal and extracorporeal). Furthermore, there are an-
atomical variations in vascular structures encountered during LRH,

and various landmarks have been proposed for a successful surgery.
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The optimal extent of lymphadenectomy is also being discussed. In
fact, open surgery is still preferred and performed in a considerable
number of cases despite the strong evidence demonstrating the su-
periority of laparoscopic surgery in terms of short-term outcomes.®
In recent years, utilization of robotic approach has been reported as
an alternative to LRH.

Based on the annual report of the Japanese National Clinical
Database (NCD), right hemicolectomy has been more widely and fre-
quently performed by non-board-certified surgeons in gastroenter-
ology compared with low anterior resection.” However, the 30-day
mortality rate is consistently higher in right hemicolectomy than low
anterior resection. The rate of laparoscopic surgery in right hemi-
colectomy is also markedly lower than that in low anterior resection
according to the Japanese NCD.® These findings might reveal some
clinical problems to be analyzed or discussed on LRH.

Thus, its applicability, techniques, and trend are chaotic, al-
though LRH is popular and widespread as one of the standard sur-
gical treatments for right-sided colon cancer. The present article
aimed to elucidate the current status and trend of LRH by reviewing
literature focusing on important issues associated with this surgery.

2 | LAPAROSCOPIC VS OPEN APPROACH

Previous major randomized trials have already reported the supe-
riority of short-term outcomes and non-inferiority of oncologi-
cal outcomes of laparoscopic surgery for colon cancer compared
with open surgery.?” Even for advanced colon cancer with clinical
stage II/1ll, better short-term outcomes and similar overall survival
in laparoscopic surgery compared with open surgery with a low
conversion rate of 5.4% were demonstrated by the Japan Clinical
Oncology Group (JCOG) 0404 trial.”'° When focusing on LRH, simi-
lar outcomes in favor of laparoscopic surgery were demonstrated by
recent studies.'*%¢ In 2015, Arezzo et al reported that the mortal-
ity and morbidity rate was lower in the laparoscopic group than the
open group (1.2% vs 3.4%; P = .031; and 16.8% vs 24.2%; P = .007,
respectively) based on their systematic review on 3049 patients.*
Moreover, Rausa et al reported in their meta-analysis a significantly
higher risk of overall complication and reoperation in the open sur-
gery group compared to the total laparoscopic surgery group.'*
Hospital stay was also markedly longer in the open group than in the
total laparoscopic group. On the other hand, the contrasting results
were demonstrated by Jurowich et al using a propensity score anal-
ysis of patient data in the DGAV StuDoQ|ColonCancer registry in
Germany.® In their study, the laparoscopic surgery resulted in signifi-
cantly shorter hospital stay (odds ratio [OR], 0.55; 95% Confidence
Interval [Cl], 0.47-0.64) and significantly longer operative time (OR,
2.32; Cl, 1.98-2.71) than the open group. There was no significant
difference with regard to the rate of postoperative complications,
such as anastomotic insufficiency, ileus, and reoperation, between
the groups. However, in the original database prior to propensity
score matching, only 18.7% of patients (935 of 4062 patients) re-

ceived laparoscopic surgery, and the conversion rate to open surgery

was 16.5%, which was considerably high. Therefore, LRH offers
better short-term outcomes and comparable oncological outcomes

compared to open surgery, as long as its surgical quality is assured.

3 | LAPAROSCOPIC VS ROBOTIC
APPROACH

In contrast, the usefulness of laparoscopic vs robotic right hemicolec-
tomy is still uncertain, although a growing number of comparative
studies on that topic have been published in recent years.'”-?® The
first comparative study of the outcome of laparoscopic vs robotic
right hemicolectomy was reported by Rawlings et al in 2007.% In their
retrospective study, the total operative time was significantly longer
in the robotic surgery group (n = 17) than the laparoscopic surgery
group (n = 15) (218.9 min vs 169.2 min; P = .002). The robotic surgery
group demonstrated a significant increase in total operating room
(OR) cost, OR personnel cost, OR supply cost, and OR time cost. The
first RCT of robotic vs laparoscopic right colectomy was reported by
Park et al in 2012.%° In their study, hospital stay, operative compli-
cations, postoperative pain score, resection margin clearance, and
number of harvested lymph nodes were similar in both groups. The
operative time was longer, and the overall hospital cost was higher in
the robotic group (195 min vs 130 min; P < .001; and USD, $12,235
vs $10,320; P = .013, respectively). They concluded that robotic right
colectomy provided no benefit to justify greater cost. Recent review
by Solaini et al demonstrated similar outcomes, such as longer opera-
tive time and higher hospital cost in the robotic surgery.?! The most
recent meta-analysis compared open surgery, laparoscopic-assisted
surgery, total laparoscopic surgery (with intracorporeal anastomosis),
and robotic right hemicolectomy to assess the short-term outcomes.**
Based on their analysis, the overall complication rate was similar be-
tween robotic and total laparoscopic surgery but higher in open and
laparoscopic-assisted surgery than robotic surgery. The operative
time was similar between robotic and total laparoscopic surgery, and
hospital stay was significantly longer in laparoscopic-assisted surgery
than robotic surgery. Their meta-analysis revealed that the short-term
outcomes following robotic and total LRH were superior to standard
laparoscopic and open surgeries. Nevertheless, the use of robotic
approach for right hemicolectomy is still argued about due to its as-
sociation with longer operative times and greater hospital cost with
limited advantage of its use. Therefore, laparoscopy is currently the
most commonly utilized approach in right hemicolectomy.

4 | DISSECTION APPROACH

Laparoscopic dissection in right hemicolectomy was originally initi-
ated by using a lateral-to-medial approach to reproduce the same
steps usually performed in conventional open surgery, where the
white line of Toldt's fascia is incised first and the vascular pedicles
divided last (Figure 1A).2 Thereafter, some experts in laparoscopic

colorectal surgery introduced a medial-to-lateral approach, which
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involves the division of the vascular pedicle first, followed by mobi-
lization of the mesentery, and finally division of the colon from the

white line of Toldt's fascia (Figure 1B).27-%% |n 2004, a consensus
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FIGURE 1 Approaches in laparoscopic right hemicolectomy. A,
A lateral-to-medial approach. B, A medial-to-lateral approach. C, A
cranial-to-caudal approach. GTH, gastrocolic trunk of Henle; ICA,
ileocolic artery; ICV, ileocolic vein; MCA, middle colic artery; MCV,
middle colic vein; RGEV, right gastroepiploic vein; SMA, superior
mesenteric artery; SMV, superior mesenteric vein; SRCV, superior
right colic vein

of the European Association for Endoscopic Surgery stated that
medial-to-lateral approach was recommended as the preferred ap-
proach for laparoscopic colectomy.! According to the retrospective
comparative study by Rotholtz et al in 2009, the operative time for
LRH was significantly shorter in the medial-to-lateral approach than
in the lateral-to-medial approach (148.6 min vs 185.6 min; P = .009);
however, the morbidity and mortality did not differ between the
groups.®® A meta-analysis comparing these two approaches in lapa-
roscopic colorectal surgery demonstrated similar results, including
the advantages of shorter operative time and possibly lower conver-
sion rate in the medial approach.®?%% However, in LRH, a cranial-
to-caudal approach, another representative approach, has been
recently developed and utilized, which first involves opening of the
omental bursa, early exposure and dissection of medial colic ves-
sels, and subsequent lymph node dissection along the surgical trunk
in either top-to-bottom or bottom-to-top manner (Figure 1C).34%°
Although the comparative study on the medial, lateral, and cranial
approaches is very limited, Li et al performed a network meta-anal-
ysis comparing these three different approaches in LRH in 2017.%¢
According to their data, the lateral approach needed shorter post-
operative flatus recovery time than both medial and cranial ap-
proaches. The length of hospital stay was also shorter in the lateral
approach compared with the medial approach. The cranial approach
achieved less postoperative complications, including anastomotic
leak, ileus, wound infection, pneumonia, acute urinary retention,
wound hernia, and postoperative hemorrhage than the medial ap-
proach. Interestingly, the operative time did not differ between
the groups. Generally, the lateral-to-medial dissection in laparo-
scopic colectomy is technically demanding due to limited operative
space and insufficient maneuverability of the straight laparoscopic
forceps. To overcome these difficulties in LRH, new laparoscopic
approaches, such as pincer approach, artery-first approach, and
uncinate process first approach are emerging.37'4° Suprapubic
bottom-to-up approach has also been developed for robotic right
hemicolectomy.41 Taken together, the superiority of one approach
over another is still debated, and prospective studies on a large scale
would be needed for further evaluation.

5 | ANASTOMOTIC TECHNIQUE

It is also important to ascertain whether anastomotic technique
after LRH, intracorporeal anastomosis (IA), or extracorporeal anas-
tomosis (EA) is superior. Previous retrospective studies reported
controversial results. Some investigators have demonstrated earlier

recovery of bowel function, lower morbidity, and shorter hospital
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stay in patients with 1A compared to those with EA,*?"%* while other
investigators did not illustrate any significant advantages in 1A.4>~%
Recently, two important RCTs comparing these two techniques after
LRH were conducted.*®*? One double-blinded RCT in Italy by Allix
et al demonstrated a quicker recovery of bowel function after IA than
EA (gas, 2 days; interquartile range [IQR], 2-3 vs 3 days; IQR, 2-3,
P =.003; stool, 4 days; IQR, 3-5 vs 4.5 days; IQR, 3-5, P = .032].48
However, the median length of hospital stay was similar between
the groups (6 days; IQR, 5-7 vs 6 days; IQR, 5-8; P = .839). The me-
dian operative time was also comparable between the groups. No
significant differences were observed in the length of skin incision,
morbidity, reoperation rate, and readmission rate between the two
groups. Another RCT from Spain reported the superiority of IA to
EA in various short-term outcomes.*’ Although surgery with IA had
a longer operative time, it resulted in shorter wound length (6.7 cm
vs 8.7 cm; P < .001), quicker recovery of digestive function (2.3 days
vs 3.3 days; P =.003), lower incidence of paralyticileus (13% vs 30%;
P =.022), less postoperative analgesia, less gastrointestinal bleeding
(3% vs 14%; P = .031), and less grade | and || complications according
to Clavien-Dindo classification. There was no difference in terms of
the duration of hospital stay between the groups (5.7 days for IA vs
6.6 days for EA; P = .194). Just recently, Widmar et al reported that
the 1-year estimated incisional hernia rate was 12% for extracorpor-
eal and 2% for intracorporeal anastomoses (P = .007) after robotic
right colectomy.50 As a result, IA seems to improve short-term out-
comes, such as earlier recovery of bowel function, although it does

not contribute to shorter hospital stay.

6 | D3 ORCME/CVL?

Since complete mesocolic excision with central vascular ligation
(CME/CVL) was proposed for colon cancer surgery, CME/CVL has
been regarded as the principal procedure for laparoscopic colon
cancer surgery.”*™% In this method, the tumor is resected using
the embryologic tissue planes along with the entire regional me-
socolon in an intact peritoneal and fascial lined package.53 In LRH,
using this method, lymph nodes along the ileocolic, middle colic,
and superior mesenteric vessels and peripancreatic and gastroepi-
ploic lymph nodes should be dissected.’®** Previous studies have
demonstrated the improved oncological or pathological results after
this surgery compared to conventional surgery.54’56 A population-
based cohort study employing 1069 patients with right-sided colon
cancer in Denmark reported that the 5.2-year cumulative incidence
of recurrence was 9.7% in the CME group compared with 17.9% in
the control group, and that the absolute risk reduction of CME after
5.2 years was 8.2% (95% Cl, 4.0-12.4; P = .00015).>° On the other
hand, in Japan, D3 dissection is recommended for advanced colon
cancer with cT3/4 or cN + according to the Japanese Society for
Cancer of the Colon and Rectum (JSCCR) guidelines.®” The JSCCR
defines lymph node classification as follow: pericolic lymph nodes
-—lymph nodes along the marginal arteries and near the bowel wall;

intermediate lymph nodes—lymph nodes along the ileocolic, right

colic, and middle colic arteries; and main lymph nodes—lymph nodes
at the origin of the ileocolic, right colic, and middle colic arteries.>®
In Japanese D3 dissection, pericolic, intermediate, and main lymph
nodes are removed along with CME. Kanemitsu et al demonstrated
the optimal Japanese D3 dissection in right hemicolectomy and re-
ported that 5-year disease-specific survival of patients with stages
I, 11, and Ill cancer were 100.0%, 94.5%, and 85.0%, respectively.>
In their study, the 5-year overall survival (OS) and disease-specific
survival (DSS) of patients with metastases to N3 nodes were 36.4%
for both, and 5-year OS and DSS of patients with metastases to N2
nodes were 77.6% and 83.5%, respectively. The oncological valid-
ity of Japanese D3 for colon cancer has also been demonstrated by
several studies in the past, similar to CME/CVL.>¢°-%? According to
the interesting study employing 4034 patients with stage Il colon
cancer (right = 1618, left = 2416) by Kataoka et al, the right-sided
cancers more frequently invaded main lymph nodes than left-sided
lesions (8.5% vs 3.7%; P < .001) and the proportion of patients with
a skipped pattern of lymphatic spread was higher in right than in left
colon cancer (13.7% vs 9.0%; P < .001).%% These results suggest D3
would be required for clinical stage /11l right-sided colon cancer.

An excellent comparative study of Japanese D3 and CME/CVL
was conducted by West et al,* concluding that Japanese D3 spec-
imens were significantly shorter (162 mm vs 324 mm; P < .001),
resulting in a smaller amount of mesentery (8,309 mm? vs 17,957
mm?; P < .001), compared with the European CME/CVL. The dis-
tance from the high vascular tie to the bowel wall was compara-
ble. Although the number of dissected lymph nodes for right-sided
tumor was smaller in Japanese D3 than European CME/CVL (me-
dian, 24 vs 32; P = .004), the number of positive nodes did not differ
significantly (median, O vs 1; P = .410). Kobayashi et al focused on the
comparison of surgical specimen for stage Ill colon cancer between
Japanese D3 and European CME/CVL and reported similar results.®®
Although the rigid distinction of these two concepts seems difficult,
both are based on the same oncological principles.

Besides the oncological aspects, feasibility and safety are also
important issues. CME/CVL or D3 is considered technically more
difficult than non-CME/CVL or D2. According to the Copenhagen
Complete Mesocolic Excision Study (COMES) by Danish Colorectal
Cancer Group, intraoperative injury to other organs was more
common in CME operations (9.1% vs 3.6% for non-CME resection;
P < .001), including more superior mesenteric vein injuries (1.7% vs
0.2%; P < .001).%¢ On the other hand, the multicenter RCT in Russia
revealed that the 30-day postoperative morbidity rate was 47% in
the D2 group and 48% in the D3 group, with a risk ratio of 1.04 (95%
Cl, 0.68 to 1.58, P = .867).¢7 Postoperative recovery, complication
and readmission rates did not differ between the groups. Thus, the
feasibility and safety of CME/CVL or D3 is still controversial.

As proposed by Sammour et al, optimal D2 lymphadenectomy
(removal of pericolic and intermediate nodes to the right side of
the SMV) with standard high ligation as a minimum standard and
selective CVL (D3 lymphadenectomy) in selected patients, such
as cN + disease, would be an ideal stance for colon cancer at the

moment.%®
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One of the main reasons for technical difficulties of LRH is anatomi-
cal complexity, including the wide variation in vascular anatomy and
embryological adhesion of the transverse mesocolon to the adja-
cent organs. It also contributes to immature standardization of LRH
procedure. To overcome these issues, numerous studies on reliable
landmarks for successful LRH have been published.

Among such literature, the gastrocolic trunk of Henle (GTH) seems
to be the most reliable landmark, since the use of GTH was advocated
for LRH by Bergamaschi et al.®?
ence rate of GTH in 58 cadavers and that GTH was formed with the
right colic vein in 27.5% of cases and with the middle colic vein in 75%

Yamaguchi et al reported a 69% pres-

of cases.”® He et al reported the characteristics of GTH based on in-
traoperative findings during LRH from 371 patients.”* In their study,
GTH was present in 97.8% of patients (363 of 371), and it was most
commonly formed with the right colic vein alone. They emphasized
the relatively short length of GTH (8.5 mm on average, ranging from
2 to 30 mm), which might carry a risk of bleeding. A recent review by
Peltrini et al revealed that GTH was found in 74% of cadaver stud-
ies and in 86% of radiological studies.”? The superior right colic vein
(SRCV) joins the right gastroepiploic vein and the anterior superior
pancreaticoduodenal vein, forming GTH in most cases.

On the other hand, Sun et al proposed the use of the ileocolic vein
as an anatomical landmark during LRC due to its presence in 100% of
patients while GTH was present in approximately 80%.”% Ignjatovic
et al recommended SRCV as a landmark instead of GTH because GTH
is not easily accessible due to its tight relations with the right colon
arteries.”* Komolafe et al use the head of the pancreas as a landmark
for mobilization of the transverse colon with proximal isolation and
ligation of the middle colic artery.”” Garcia-Granero et al provided the
fusion fascia of Fredet as an essential embryological landmark during
LRH, which corresponds to the plane between the ascending mesoco-
lon and the visceral duodenal-pancreatic peritoneum.”®

Although all landmarks seem useful and reliable, the anatomical
knowledge of vascular and organ structures would be the most im-
portant for a secured surgical procedure despite the considerable

anatomical variability, as advocated by Peltrini et al.”?

8 | CONCLUSION

Although LRH is one of the most common surgeries for colorectal
cancer, it comes with various issues currently debated among colo-
rectal surgeons. These issues seem to be mainly caused by complex
anatomy encountered during LRH, including a wide variation in vas-
cular anatomy. Substantial excellent surgical techniques have been
developed to overcome these problems, and more novel approaches
or devices will be invented in the future. However, deep understand-
ing of both anatomical variation and characteristics of each approach
would be essential to minimize adverse effects and maximize patient
benefits after LRH.

3 ; . 525
_‘(“5' | AG Surg Annals of Gns[mcmcmlogu _Wl L EYJ_

DISCLOSURE
Conflict of Interest: The authors have no conflicts of interest.

ORCID

Takeru Matsuda
Hiroshi Hasegawa
Yoshihiro Kakeji

https://orcid.org/0000-0002-9541-856X
https://orcid.org/0000-0003-1545-0509
https://orcid.org/0000-0002-2727-0241

REFERENCES

1.

10.

11.

12.

13.

14.

Jacobs M, Verdeja JC, Goldstein HS. Minimally invasive colon
resection (laparoscopic colectomy). Surg Laparosc Endosc.
1991;1(3):144-50.

Buunen M, Veldkamp R, Hop WC, Kuhry E, Jeekel J, Haglind E, et al.
Survival after laparoscopic surgery versus open surgery for colon
cancer: long-term outcome of a randomised clinical trial. Lancet
Oncol. 2009;10(1):44-52.

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): multi-
centre, randomised controlled trial. Lancet. 2005;365(9472):1718-26.
Jayne DG, Guillou PJ, Thorpe H, Quirke P, Copeland J, Smith AM,
et al. Randomized trial of laparoscopic-assisted resection of col-
orectal carcinoma: 3-year results of the UK MRC CLASICC Trial
Group. J Clin Oncol. 2007;25(21):3061-8.

Leung KL, Kwok SP,Lam SC, Lee JF, YiuRY, NgSS, et al. Laparoscopic
resection of rectosigmoid carcinoma: prospective randomised trial.
Lancet. 2004;363(9416):1187-92.

Jurowich C, Lichthardt S, Kastner C, Haubitz |, Prock A, Filser J, et al.
Laparoscopic versus open right hemicolectomy in colon carcinoma:
A propensity score analysis of the DGAV StuDoQ|ColonCancer reg-
istry. PLoS One. 2019;14(6):e0218829.

Kakeji Y, Takahashi A, Udagawa H, Unno M, Endo |, Kunisaki C, et al.
Surgical outcomes in gastroenterological surgery in Japan: Report
of National Clinical database 2011-2016. Ann Gastroenterol Surg.
2018;2(1):37-54.

Hasegawa H, Takahashi A, Kakeji Y, Unno M, Endo |, Kunisaki C, et al.
Surgical outcomes of gastroenterological surgery in Japan: report
of the National Clinical Database 2011-2017. Ann Gastroenterol
Surg. 2019;3(4):426-50.

Kitano S, Inomata M, Mizusawa J, Katayama H, Watanabe M,
Yamamoto S, et al. Survival outcomes following laparoscopic versus
open D3 dissection for stage Il or Ill colon cancer (JCOG0404): a
phase 3, randomised controlled trial. Lancet Gastroenterol Hepatol.
2017;2(4):261-8.

Yamamoto S, Inomata M, Katayama H, Mizusawa J, Etoh T, Konishi
F, et al. Short-term surgical outcomes from a randomized controlled
trial to evaluate laparoscopic and open D3 dissection for stage I/
111 colon cancer: Japan Clinical Oncology Group Study JCOG 0404.
Ann Surg. 2014;260(1):23-30.

Arezzo A, Passera R, Ferri V, Gonella F, Cirocchi R, Morino M.
Laparoscopic right colectomy reduces short-term mortality and
morbidity. Results of a systematic review and meta-analysis. Int J
Colorectal Dis. 2015;30(11):1457-72.

Athanasiou CD, Markides GA, Kotb A, Jia X, Gonsalves S, Miskovic
D. Open compared with laparoscopic complete mesocolic excision
with central lymphadenectomy for colon cancer: a systematic re-
view and meta-analysis. Colorectal Dis. 2016;18(7):0224-0235.
Feo CF, Feo CV, Fancellu A, Ginesu GC, Cherchi G, Zese M, et al.
Laparoscopic versus open transverse-incision right hemicolectomy:
a retrospective comparison study. ANZ J Surg. 2019;89(7-8):e292
-e296.

Rausa E, Kelly ME, Asti E, Aiolfi A, Bonitta G, Bonavina L. Right
hemicolectomy: a network meta-analysis comparing open,


https://orcid.org/0000-0002-9541-856X
https://orcid.org/0000-0002-9541-856X
https://orcid.org/0000-0003-1545-0509
https://orcid.org/0000-0003-1545-0509
https://orcid.org/0000-0002-2727-0241
https://orcid.org/0000-0002-2727-0241

526 r T,

Wl LEY_ _““é; AGSurg Annals of Gastroente ulobu
15.
16.

17.

18.

19.

20.
21.

22.
23.

24,

25.
26.

27.

28.
29.
30.

31.

32.

MATSUDA ET AL.

laparoscopic-assisted, total laparoscopic, and robotic approach.
Surg Endosc. 2019;33(4):1020-32.

Widmar M, Keskin M, Strombom P, Beltran P, Chow OS, Smith JJ,
et al. Lymph node yield in right colectomy for cancer: a compari-
son of open, laparoscopic and robotic approaches. Colorectal Dis.
2017;19(10):888-94.

Zimmermann M, Benecke C, Jung C, Hoffmann M, Nolde J,
Schléricke E, et al. Laparoscopic resection of right colon cancer-a
matched pairs analysis. Int J Colorectal Dis. 2016;31(7):1291-7.
Dolejs SC, Waters JA, Ceppa EP, Zarzaur BL. Laparoscopic versus
robotic colectomy: a national surgical quality improvement project
analysis. Surg Endosc. 2017;31(6):2387-96.

Ma S, Chen Y, Chen Y, Guo T, Yang X, Lu Y, et al. Short-term out-
comes of robotic-assisted right colectomy compared with laparo-
scopic surgery: a systematic review and meta-analysis. Asian J Surg.
2019;42(5):589-98.

Park JS, Kang H, Park SY, Kim HJ, Woo IT, Park IK, et al. Long-term
oncologic after robotic versus laparoscopic right colectomy: a pro-
spective randomized study. Surg Endosc. 2019;33(9):2975-81.
Rondelli F, Balzarotti R, Villa F, Guerra A, Avenia N, Mariani E, et al.
Is robot-assisted laparoscopic right colectomy more effective than
the conventional laparoscopic procedure? A meta-analysis of short-
term outcomes. Int J Surg. 2015;18:75-82.

Solaini L, Bazzocchi F, Cavaliere D, Avanzolini A, Cucchetti A,
Ercolani G. Robotic versus laparoscopic right colectomy: an
updated systematic review and meta-analysis. Surg Endosc.
2018;32(3):1104-10.

Spinoglio G, Bianchi PP, Marano A, Priora F, Lenti LM, Ravazzoni F,
et al. Robotic versus laparoscopic right colectomy with complete
mesocolic excision for the treatment of colon cancer: periopera-
tive outcomes and 5-year survival in a consecutive series of 202
patients. Ann Surg Oncol. 2018;25(12):3580-6.

Trastulli S, Coratti A, Guarino S, Piagnerelli R, Annecchiarico M,
Coratti F, et al. Robotic right colectomy with intracorporeal anasto-
mosis compared with laparoscopic right colectomy with extracor-
poreal and intracorporeal anastomosis: a retrospective multicentre
study. Surg Endosc. 2015;29(6):1512-21.

Rawlings AL, Woodland JH, Vegunta RK, Crawford DL. Robotic ver-
sus laparoscopic colectomy. Surg Endosc. 2007;21(10):1701-8.
Park JS, Choi GS, Park SY, Kim HJ, Ryuk JP. Randomized clinical trial
of robot-assisted versus standard laparoscopic right colectomy. Br J
Surg. 2012;99(9):1219-26.

Hoffman GC, Baker JW, Fitchett CW, Vansant JH.
Laparoscopic-assisted colectomy. Initial experience. Ann Surg.
1994;219(6):732-56.

Hasegawa S, Kawamura J, Nagayama S, Nomura A, Kondo K, Sakai
Y. Medially approached radical lymph node dissection along the
surgical trunk for advanced right-sided colon cancers. Surg Endosc.
2007;21(9):1657.

Liang JT, Lai HS, Lee PH. Laparoscopic medial-to-lateral approach
for the curative resection of right-sided colon cancer. Ann Surg
Oncol. 2007;14(6):1878-9.

Pigazzi A, Hellan M, Ewing DR, Paz BI, Ballantyne GH. Laparoscopic
medial-to-lateral colon dissection: how and why. J Gastrointest
Surg. 2007;11(6):778-82.

Rotholtz NA, Bun ME, Tessio M, Lencinas SM, Laporte M, Aued ML,
et al. Laparoscopic colectomy: medial versus lateral approach. Surg
Laparosc Endosc Percutan Tech. 2009;19(1):43-7.

Veldkamp R, Gholghesaei M, Bonjer HJ, Meijer DW, Buunen M,
Jeekel J, et al. Laparoscopic resection of colon Cancer: consensus
of the European Association of Endoscopic Surgery (EAES). Surg
Endosc. 2004;18(8):1163-85.

Ding J, Liao GQ, Xia Y, Zhang ZM, Pan Y, Liu S, et al. Medial versus
lateral approach in laparoscopic colorectal resection: a systematic
review and meta-analysis. World J Surg. 2013;37(4):863-72.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Hajibandeh S, Hajibandeh S, Navid A, Sarma DR, Eltair M, Mankotia
R, et al. Meta-analysis of medial-to-lateral versus lateral-to-medial
colorectal mobilisation during laparoscopic colorectal surgery. Int J
Colorectal Dis. 2019;34(5):787-99.

Matsuda T, Iwasaki T, Mitsutsuji M, Hirata K, Maekawa Y, Tanaka T,
et al. Cranial-to-caudal approach for radical lymph node dissection
along the surgical trunk in laparoscopic right hemicolectomy. Surg
Endosc. 2015;29(4):1001.

Matsuda T, lwasaki T, Sumi Y, Yamashita K, Hasegawa H, Yamamoto
M, et al. Laparoscopic complete mesocolic excision for right-sided
colon cancer using a cranial approach: anatomical and embryologi-
cal consideration. Int J Colorectal Dis. 2017;32(1):139-41.

Li F, Zhou X, Wang B, Guo L, Wang J, Wang W, et al. Comparison be-
tween different approaches applied in laparoscopic right hemi-col-
ectomy: A systematic review and network meta-analysis. Int J Surg.
2017;48:74-82.

Benz S, Tam Y, Tannapfel A, Stricker |. The uncinate process
first approach: a novel technique for laparoscopic right hemi-
colectomy with complete mesocolic excision. Surg Endosc.
2016;30(5):1930-7.

Egi H, Nakashima I, Hattori M, Mukai S, Kochi M, Taguchi K, et al.
Surgical techniques for advanced transverse colon cancer using
the pincer approach of the transverse mesocolon. Surg Endosc.
2019;33(2):639-43.

Mori S, Kita Y, Baba K, Yanagi M, Tanabe K, Uchikado Y,
et al. Laparoscopic complete mesocolic excision via combined me-
dial and cranial approaches for transverse colon cancer. Surg Today.
2017;47(5):643-9.

YiXJ, LuXQ, Li HM, Wang W, Xiong WJ, Wan J, et al. Feasibility and
efficacy of laparoscopic radical right hemicolectomy with complete
mesocolic excision using an 'artery-first' approach. Gastroenterol
Rep (Oxf). 2019;7(3):199-204.

Schulte Am Esch J, losivan Sl, Steinfurth F, Mahdi A, Forster C,
Wilkens L, et al. A standardized suprapubic bottom-to-up approach
in robotic right colectomy: technical and oncological advances for
complete mesocolic excision (CME). BMC Surg. 2019;19(1):72.
Anania G, Agresta F, Artioli E, Rubino S, Resta G, Vettoretto N,
et al. Laparoscopic right hemicolectomy: the SICE (Societa Italiana
di Chirurgia Endoscopica e Nuove Tecnologie) network prospec-
tive trial on 1225 cases comparing intra corporeal versus extra
corporeal ileo-colic side-to-side anastomosis. Surgical Endoscopy.
2019.http://dx.doi.org/10.1007/s00464-019-07255-2.

Grams J, Tong W, Greenstein AJ, Salky B. Comparison of intracor-
poreal versus extracorporeal anastomosis in laparoscopic-assisted
hemicolectomy. Surg Endosc. 2010;24(8):1886-91.

Scatizzi M, Kroning KC, Borrelli A, Andan G, Lenzi E, Feroci F.
Extracorporeal versus intracorporeal anastomosis after laparo-
scopic right colectomy for cancer: a case-control study. World J
Surg. 2010;34(12):2902-8.

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

Lee KH, Ho J, Akmal Y, Nelson R, Pigazzi A. Short- and long-term
outcomes of intracorporeal versus extracorporeal ileocolic anasto-
mosis in laparoscopic right hemicolectomy for colon cancer. Surg
Endosc. 2013;27(6):1986-90.

Magistro C, Lernia SD, Ferrari G, Zullino A, Mazzola M, De Martini
P, et al. Totally laparoscopic versus laparoscopic-assisted right col-
ectomy for colon cancer: is there any advantage in short-term out-
comes? A prospective comparative assessment in our center. Surg
Endosc. 2013;27(7):2613-8.

Allaix ME, Degiuli M, Bonino MA, Arezzo A, Mistrangelo M, Passera
R, et al. Intracorporeal or extracorporeal ileocolic anastomosis after
laparoscopic right colectomy: a double-blinded randomized con-
trolled trial. Ann Surg. 2019;270(5):762-7.


http://dx.doi.org/10.1007/s00464-019-07255-2

MATSUDA ET AL.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Bollo J, Turrado V, Rabal A, Carrillo E, Gich I, Martinez MC, et al.
Randomized clinical trial of intracorporeal versus extracorporeal
anastomosis in laparoscopic right colectomy (IEA trial). Br J Surg.
2020;107(4):364-72.

Widmar M, Aggarwal P, Keskin M, et al. Intracorporeal anastomoses
in minimally invasive right colectomies are associated with fewer
incisional hernias and shorter length of stay. Dis Colon Rectum.
2020;63(5):685-92.

Bertelsen CA, Neuenschwander AU, Jansen JE, Wilhelmsen M,
Kirkegaard-Klitbo A, Tenma JR, et al. Disease-free survival after
complete mesocolic excision compared with conventional colon
cancer surgery: a retrospective, population-based study. Lancet
Oncol. 2015;16(2):161-8.

Sgndenaa K, Quirke P, Hohenberger W, Sugihara K, Kobayashi H,
Kessler H, et al. The rationale behind complete mesocolic excision
(CME) and a central vascular ligation for colon cancer in open and
laparoscopic surgery: proceedings of a consensus conference. Int J
Colorectal Dis. 2014;29(4):419-28.

Hohenberger W, Weber K, Matzel K, Papadopoulos T, Merkel S.
Standardized surgery for colonic cancer: complete mesocolic exci-
sion and central ligation - technical notes and outcome. Colorectal
Dis. 2009;11(4):354-64.

West NP, Hohenberger W, Weber K, Perrakis A, Finan PJ, Quirke
P. Complete mesocolic excision with central vascular ligation pro-
duces an oncologically superior specimen compared with standard
surgery for carcinoma of the colon. J Clin Oncol. 2010;28(2):272-8.
Shin JK, Kim HC, Lee WY, Yun SH, Cho YB, Huh JW, et al.
Laparoscopic modified mesocolic excision with central vascular
ligation in right-sided colon cancer shows better short- and long-
term outcomes compared with the open approach in propensity
score analysis. Surg Endosc. 2018;32(6):2721-31.

Bertelsen CA, Neuenschwander AU, Jansen JE, Tenma JR,
Wilhelmsen M, Kirkegaard-Klitbo A, et al. 5-year outcome after
complete mesocolic excision for right-sided colon cancer: a popu-
lation-based cohort study. Lancet Oncol. 2019;20(11):1556-65.
Hashiguchi Y, Muro K, Saito Y, Ito Y, Ajioka Y, Hamaguchi T, et al.
Japanese Society for Cancer of the Colon and Rectum (JSCCR)
guidelines 2019 for the treatment of colorectal cancer. Int J Clin
Oncol. 2020;25(1):1-42.

Japanese Society for Cancer of the Colon and Rectum. Japanese
classification of colorectal, appendiceal, and anal carcinoma: the
3d English Edition [Secondary Publication]. J Anus Rectum Colon.
2019;3(4):175-95.

Kanemitsu Y, Komori K, Kimura K, Kato T. D3 lymph node dissec-
tion in right hemicolectomy with a no-touch isolation technique in
patients with colon cancer. Dis Colon Rectum. 2013;56(7):815-24.
Han DP, Lu AG, Feng H, Wang PX, Cao QF, Zong YP, et al. Long-
term results of laparoscopy-assisted radical right hemicolectomy
with D3 lymphadenectomy: clinical analysis with 177 cases. Int J
Colorectal Dis. 2013;28(5):623-9.

Mukai M, Ito I, Mukoyama S, Tajima T, Saito Y, Nakasaki H, et al.
Improvement of 10-year survival by Japanese radical lymph node
dissection in patients with Dukes' B and C colorectal cancer: a 17-
year retrospective study. Oncol Rep. 2003;10(4):927-34.

Nakajima K, Inomata M, Akagi T, Etoh T, Sugihara K, Watanabe M,
et al. Quality control by photo documentation for evaluation of lap-
aroscopic and open colectomy with D3 resection for stage II/11l col-
orectal cancer: Japan Clinical Oncology Group Study JCOG 0404.
Jpn J Clin Oncol. 2014;44(9):799-806.

Kataoka K, Beppu N, Shiozawa M, lkeda M, Tomita N, Kobayashi H,
et al. Colorectal cancer treated by resection and extended lymph-
adenectomy: patterns of spread in left- and right-sided tumours. Br
J Surg. 2020;107(8):1070-8.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

3 ; . 527
_“;“? | AG Surg Annals of Gns[mcmcmlogu _Wl L EYJ_

West NP, Kobayashi H, Takahashi K, Perrakis A, Weber K,
Hohenberger W, et al. Understanding optimal colonic cancer sur-
gery: comparison of Japanese D3 resection and European com-
plete mesocolic excision with central vascular ligation. J Clin Oncol.
2012;30(15):1763-9.

Kobayashi H, West NP, Takahashi K, Perrakis A, Weber K,
Hohenberger W, et al. Quality of surgery for stage Ill colon can-
cer: comparison between England, Germany, and Japan. Ann Surg
Oncol. 2014;21(Suppl 3):5398-404.

Bertelsen CA, Neuenschwander AU, Jansen JE, Kirkegaard-Klitbo
A, Tenma JR, Wilhelmsen M, et al. Short-term outcomes after com-
plete mesocolic excision compared with 'conventional' colonic can-
cer surgery. Br J Surg. 2016;103(5):581-9.

Karachun A, Panaiotti L, Chernikovskiy I, Achkasov S, Gevorkyan Y,
Savanovich N, et al. Short-term outcomes of a multicentre random-
ized clinical trial comparing D2 versus D3 lymph node dissection for
colonic cancer (COLD trial). Br J Surg. 2020;107(5):499-508.
Sammour T, Malakorn S, Thampy R, Kaur H, Bednarski BK, Messick
CA, et al. Selective central vascular ligation (D3 lymphadenec-
tomy) in patients undergoing minimally invasive complete mesoco-
lic excision for colon cancer: optimizing the risk-benefit equation.
Colorectal Dis. 2020;22(1):53-61.

Bergamaschi R, Schochet E, Haughn C, Burke M, Reed JF 3rd,
Arnaud JP. Standardized laparoscopic intracorporeal right colec-
tomy for cancer: short-term outcome in 111 unselected patients.
Dis Colon Rectum. 2008;51(9):1350-5.

Yamaguchi S, Kuroyanagi H, Milsom JW, Sim R, Shimada H.
Venous anatomy of the right colon: precise structure of the major
veins and gastrocolic trunk in 58 cadavers. Dis Colon Rectum.
2002;45(10):1337-40.

He Z, Su H, Ye K, Sun Y, Guo Y, Wang Q, Li Y, et al. Anatomical
characteristics and classifications of gastrocolic trunk of Henle in
laparoscopic right colectomy: preliminary results of multicenter
observational study. Surgical Endoscopy. 2019.http://dx.doi.
org/10.1007/s00464-019-07247-2.

Peltrini R, Luglio G, Pagano G, Sacco M, Sollazzo V, Bucci L.
Gastrocolic trunk of Henle and its variants: review of the literature
and clinical relevance in colectomy for right-sided colon cancer.
Surg Radiol Anat. 2019;41(8):879-87.

Sun KK, Zhao H. Vascular anatomical variation in laparoscopic right
hemicolectomy. Asian J Surg. 2020;43(1):9-12.

Ignjatovic D, Spasojevic M, Stimec B. Can the gastrocolic trunk
of Henle serve as an anatomical landmark in laparoscopic
right colectomy? A postmortem anatomical study. Am J Surg.
2010;199(2):249-54.

Komolafe OO, Melani AG, Véo CA, Denadai MV, de Oliveira JC.
Laparoscopic mobilization for resection of the transverse colon
for cancer: a simple, reproducible method. Surg Laparosc Endosc
Percutan Tech. 2012;22(5):e267-e270.

Garcia-Granero A, Pellino G, Frasson M, et al. The fusion fascia of
Fredet: an important embryological landmark for complete meso-
colic excision and D3-lymphadenectomy in right colon cancer. Surg
Endosc. 2019;33(11):3842-50.

How to cite this article: MatsudaT, Yamashita K, Hasegawa H,
Utsumi M, Kakeji Y. Current status and trend of laparoscopic
right hemicolectomy for colon cancer. Ann Gastroenterol Surg.
2020;4:521-527. https://doi.org/10.1002/ags3.12373



http://dx.doi.org/10.1007/s00464-019-07247-2
http://dx.doi.org/10.1007/s00464-019-07247-2
https://doi.org/10.1002/ags3.12373

