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Abstract
AIM: to evaluate the feasibility, safety, and oncologic 
outcomes of laparoscopic extended right hemicolec-
tomy (LERH) for colon cancer.

METHODS: Since its establishment in 2009, the South-
ern Chinese Laparoscopic Colorectal Surgical Study 
(SCLCSS) group has been dedicated to promoting pa-
tients’ quality of life through minimally invasive surgery. 
The multicenter database was launched by combining 
existing datasets from members of the SCLCSS group. 
The study enrolled 220 consecutive patients who were 
recorded in the multicenter retrospective database and 
underwent either LERH (n  = 119) or open extended 
right hemicolectomy (OERH) (n  = 101) for colon can-
cer. Clinical characteristics, surgical outcomes, and 
oncologic outcomes were compared between the two 
groups.

RESULTS: There were no significant differences in terms 
of age, gender, body mass index (BMI), history of pre-
vious abdominal surgery, tumor location, and tumor 
stage between the two groups. The blood loss was 
lower in the LERH group than in the OERH group [100 
(100-200) ml vs  150 (100-200) ml, P  < 0.0001]. The 
LERH group was associated with earlier first flatus (2.7 
± 1.0 d vs  3.2 ± 0.9 d, P  < 0.0001) and resumption 
of liquid diet (3.6 ± 1.0 d vs  4.2 ± 1.0 d, P  < 0.0001) 
compared to the OERH group. The postoperative hos-
pital stay was significantly shorter in the LERH group 
(11.4 ± 4.7 d vs  12.8 ± 5.6 d, P  = 0.009) than in the 
OERH group. The complication rate was 11.8% and 
17.6% in the LERH and OERH groups, respectively (P  
= 0.215). Both 3-year overall survival [LERH (92.0%) 
vs  OERH (84.4%), P  = 0.209] and 3-year disease-free 
survival [LERH (84.6%) vs  OERH (76.6%), P  = 0.191] 
were comparable between the two groups.
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CONCLUSION: LERH with D3 lymphadenectomy for 
colon cancer is a technically feasible and safe proce-
dure, yielding comparable short-term oncologic out-
comes to those of open surgery.
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Core tip: This multicenter retrospective study specially 
evaluates the feasibility, safety, and oncologic outcomes 
of laparoscopic extended right hemicolectomy with D3 
lymphadenectomy for tumors located at the hepatic 
flexure or within 10 cm distal to the hepatic flexure. 
Results suggest that laparoscopic extended right hemi-
colectomy with D3 lymphadenectomy is a technically 
feasible and safe procedure, yielding comparable short-
term oncologic outcomes to open surgery.

Zhao LY, Chi P, Ding WX, Huang SR, Zhang SF, Pan K, 
Hu YF, Liu H, Li GX. Laparoscopic vs open extended right 
hemicolectomy for colon cancer. World J Gastroenterol 2014; 
20(24): 7926-7932  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i24/7926.htm  DOI: http://dx.doi.
org/10.3748/wjg.v20.i24.7926

INTRODUCTION
Laparoscopic colectomy has become accepted as an al-
ternative to conventional open surgery for the treatment 
of  colon cancer because of  the earlier recovery and 
comparable long-term results[1-4]. However, most previ-
ous studies excluded tumors located at the hepatic flex-
ure or within 10 cm distal to the hepatic flexure because 
of  the technical difficulty associated with such sites. A 
tumor located at or within 10 cm distal to the hepatic 
flexure has an increased risk of  infra-pyloric lymph node 
metastasis[5]. Consequently, open extended right hemico-
lectomy (OERH) with D3 lymphadenectomy has been 
recommended as the optional procedure[6].

Although the feasibility and long-term outcomes of  
laparoscopic right hemicolectomy with D3 lymphad-
enectomy for right colon cancer have been reported in 
several previous studies[7,8], the lymphadenectomy did 
not include the infra-pyloric lymph nodes. Thus, the role 
of  laparoscopic extended right hemicolectomy (LERH) 
with D3 lymphadenectomy for cancer located at or with-
in 10 cm distal to the hepatic flexure is unknown.

Therefore, the aim of  the present study was to evalu-
ate the surgical feasibility, safety, and oncologic out-
comes of  LERH based on a multicenter dataset from 11 
specialized institutions in Southern China.

MATERIALS AND METHODS
Database and patients
Since its establishment in 2009, the Southern Chinese 
Laparoscopic Colorectal Surgical Study (SCLCSS) group 
has been dedicated to promoting patients’ quality of  
life through minimally invasive surgery. The multicenter 
database was launched by combining existing datasets 
from members of  the SCLCSS group. The clinical data 
of  3640 consecutive colon cancer patients who under-
went either open (n = 2419) or laparoscopic (n = 1221) 
surgery at 11 specialized institutions between January 
2000 and June 2009 were recorded in the database[9]. All 
data were documented respectively using unified case 
report form (CRF) and the data collection protocol was 
approved by the local ethics committees. All participants 
signed informed consent statements.

A total of  247 patients who underwent extended 
right hemicolectomy for cancer located at the hepatic 
flexure or within 10 cm distal to the hepatic flexure were 
registered from May 2006 to May 2009 in our database. 
Twenty-seven patients were excluded from the present 
analysis due to advanced stage (stage Ⅳ), recurrent dis-
ease, emergency surgery, or palliative surgery. Finally, a 
total of  220 consecutive patients who underwent either 
LERH (n = 119) or OERH (n = 101) were included in 
the present series. The surgical approach was chosen 
based on an understanding of  the risks and benefits in-
herent to laparoscopic and open resection, without any 
pressure from the surgeon.

Indications and data collection
Extended right hemicolectomy with D3 lymphadenec-
tomy was implemented with radical intention when the 
patient was confirmed with colon cancer located at the 
hepatic flexure or within 10 cm distal to the hepatic flex-
ure and the clinical stage was Ⅱ or Ⅲ at preoperative 
examination by colonoscopy, abdominal enhanced com-
puted tomography, and chest X-ray. The clinical charac-
teristics, surgical outcomes, and oncologic outcomes of  
patients in the two groups were compared. The NCCN 
guidelines for colon cancer (v.1.2012) were used for clini-
cal and pathological staging.

Extended right hemicolectomy with D3 
lymphadenectomy
The patient was placed in the supine position with legs 
apart during LERH with D3 lymphadenectomy. A 
10-mm 30° rigid laparoscope was used through an obser-
vational port located at the umbilicus. A 12-mm trocar 
located 10 cm below the umbilicus, and a 5-mm trocar 
at McBurney’s point were placed for surgeon standing 
between the legs. Two other 5-mm trocars, located at 
the opposite McBurney’s point and the left subcostal 
area, were used for assistance. A medial-to-lateral ap-
proach was used during the LERH. In the medial dis-
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Table 2  Operative outcomes  n  (%)Table 1  Clinicopathologic characteristics  n  (%)

section, the D3 lymphadenectomy involved sequential 
dissection (central ligation) at the roots of  the ileocolic 
vessels, right colic vessels, middle colic vessels, and right 
gastroepiploic vessels. The subsequent colon dissection 
involved 10 cm of  normal bowel distal to the lesion and 
at least 10 cm of  distal ileum. An extracorporeal func-
tional end-to-end or side-to-side ileotransverse colon 
anastomosis was performed via a 3- to 5-cm paramidline 
incision.

During OERH, a lateral-to-medial approach was 
used for D3 lymphadenectomy and mobilization of  co-
lon. A 15- to 20-cm right upper quadrant incision was 
used. The resection range of  colon and mesocolon and 
D3 lymphadenectomy was performed as the same as the 
procedures in the LERH. A functional end-to-end or 
side-to-side ileotransverse colon anastomosis was then 
constructed.

Although there were differences between the centers 
in the surgical instruments, vessel occlusion, and the op-
erative approach (lateral-to-medial in LERH) in a minor-
ity of  operations, the majority of  procedures in most of  
the centers were implemented as above.

Definitions
A major complication was defined as any complication 
requiring reoperation or interventional therapy, and a 
minor complication was defined as a complication that 
could be managed conservatively. Overall survival was 
calculated from the operation date to the date of  death 
from all causes. Disease-free survival was calculated from 
the operation date to the date of  recurrence or metas-
tasis. In this study, patients with a high-risk stage Ⅱ or 

stage Ⅲ tumor were recommended to receive postopera-
tive adjuvant chemotherapy with 5-fluorouracil-based 
regimens. The last follow-up was in September 2009.

Statistical analysis
Continuous variables were compared using the Student’s t 
test and expressed as mean ± SD and variables with non-
normal distribution were reported as the median (range). 
Categorical variables were compared using the pearson 
χ 2 test or the two-tailed Fisher’s exact test as appropriate. 
The survival data were analyzed by the Kaplan-Meier 
method and compared by the log-rank test. A p value of  
< 0.05 was considered statistically significant. All statisti-
cal analyses were performed using SPSS (version 16.0).

RESULTS
Clinicopathologic characteristics
The patients’ clinicopathologic characteristics are sum-
marized in Table 1. The mean age of  patients in the 
LERH and OERH group was 61.3 and 64.5 years, re-
spectively. There were no significant differences in age, 
gender, body mass index (BMI), history of  previous 
abdominal surgery, tumor location, and tumor stage be-
tween the two groups.

Operative outcomes
The mean operative time was significantly longer in the 
LERH group than that in the OERH group (257.8 ± 
67.6 min vs 173.1 ± 52.0 min, p < 0.0001). However, es-
timated blood loss was lower in the LERH group com-
pared with the OERH group [100 (100-200) ml vs 150 
(100-200) ml, p < 0.0001]. There were no significant 
differences in tumor size, length of  resection margins, 
number of  lymph nodes harvested, or the pathologic 
R0 resection. Conversion was required in nine patients 
(7.6%) in the LERH group. The reasons for conversion 
were technically difficult dissection in four patients, se-
vere adhesion in three patients, and uncontrolled bleed-
ing in two patients (Table 2).

Postoperative recovery
The mean time to first flatus (2.7 ± 1.0 d vs 3.2 ± 0.9 d, 
p < 0.0001), start of  a liquid diet (3.6 ± 1.0 d vs 4.2 ± 
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LERH 
(n  = 119)

OERH 
(n  = 101)

P  value

Age1 (yr)   61.3 ± 25.3   64.5 ± 24.6 0.832
Sex 0.893
   Male 66 (55.5) 57 (56.4)
   Female 53 (44.5) 44 (43.6)
   Body mass index1 (kg/m2) 22.3 ± 3.3 22.6 ± 3.5 0.126
   Previous abdominal surgery 12 (10.1) 14 (13.9) 0.387
Tumor location 0.105
   Hepatic flexure 89 (74.8) 65 (64.4)
   Proximal of transverse colon 30 (25.2) 36 (35.6)
   Tumor size1 (cm)   4.8 ± 1.9   4.7 ± 1.7 0.849
T stage 0.483
   T2 6 (5.0) 7 (6.9)
   T3 64 (53.8) 60 (59.4)
   T4 49 (41.2) 34 (33.7)
N stage 0.870
   N0 69 (58.0) 61 (60.4)
   N1 37 (31.1) 31 (30.7)
   N2 13 (10.9) 9 (8.9)
Tumor stage 0.815
   Ⅰ 6 (5.0) 7 (6.9)
   Ⅱ 63 (52.9) 54 (53.5)
   Ⅲ 50 (42.0) 40 (39.6)

1Values are mean ± SD. LERH: Laparoscopic extended right hemicolec-
tomy; OERH: Open extended right hemicolectomy.

LERH 
(n  = 119)

OERH 
(n  = 101)

P  value

Operating time1 (min) 257.8 ± 67.6 173.1 ± 52.0 < 0.0001
Estimated blood loss2 (mL) 100 (100-200) 150 (100-200) < 0.0001
Proximal resection margin1 (cm) 17.1 ± 3.3 17.2 ± 3.2   0.743
Distal resection margin1 (cm) 13.9 ± 2.6 14.3 ± 3.6   0.133
No. of lymph nodes harvested1 (n) 22.3 ± 8.6 21.8 ± 9.4   0.343
Conversions      9 (7.6)
R0 resection    117 (98.3)    100 (99.0)   1.000

1Values are mean ± SD; 2value is median (range). LERH: Laparoscopic ex-
tended right hemicolectomy; OERH: Open extended right hemicolectomy.
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Table 3  Postoperative recovery and complications  n  (%)

1.0 d, p < 0.0001), and postoperative hospital stay (11.4 
± 4.7 d vs 12.8 ± 5.6 d, p = 0.009) were significantly 
shorter in the LERH group than in the OERH group. 
Postoperative complications occurred in 14 patients 
(11.8%) in the LERH group and 18 patients (17.6%) 
in the OERH group (p = 0.215). Major complications 

were experienced by two patients (1.7%) in the LERH 
group (anastomotic stenosis and ileus in one patient 
each) and three patients (3.0%) in the OERH group 
(anastomotic stenosis, ileus, and hemorrhage in one pa-
tient each) (p = 0.663). Minor complications occurred 
in 12 patients (10.1%) in the LERH group and 15 pa-
tients (14.9%) in the OERH group (p = 0.308). The 
mortality rate within 30 d after surgery between the 
two groups was comparable (0.8% vs 1.0%, p = 0.907) 
(Table 3).

Survival outcomes
Seven patients (5.9%) in the LERH group and eight pa-
tients (7.8%) in the OERH group were lost to follow-
up. The median duration of  follow-up was 30 mo (range 
3-60 mo) for the LERH group and 27 mo (range 4-60 
mo) for the OERH group (p = 0.632). The 3-year cumu-
lative overall survival was 92.0% in the LERH group and 
84.4% in the OERH group (p = 0.209) (Figure 1A). The 
3-year cumulative disease-free survival was 84.6% in the 
LERH group and 76.6% in the OERH group (p = 0.191) 
(Figure 1B).

DISCUSSION
In the present study, LERH showed several short-term 
advantages compared with OERH in terms of  blood 
loss, postoperative hospitalization, and resumption of  
gastrointestinal function, with comparable clinicopatho-
logic characteristics and postoperative complications. 
The short-term oncologic outcomes were comparable 
between the LERH group and the OERH group.

Adequate lymph node dissection is associated with 
improved survival[10,11]. Before 2005, the Japanese Gen-
eral Rules for Clinical and Pathologic Studies on Can-
cer of  the Colon and Rectum (JGR) recommended that 
colectomy for cancer should be performed with at least 
5- to 10-cm long proximal and distal margins and that 
the regional arterial vessels should be ligated at their 
origins. The Japanese guidelines also recommended 
that patients with tumor invasion depth of  T3 or deep-
er should undergo adequate colonic resection with D3 
lymphadenectomy[12].

Lymphatic fluid streams from the transverse colon 
to lymph nodes along the gastroepiploic vessels[13]. For 
a tumor located at the hepatic flexure or within 10 cm 
distal to the hepatic flexure, approximately 4% of  lymph 
nodes along the gastroepiploic arcade at the greater cur-
vature of  the stomach and 6% of  lymph nodes along 
the root of  middle colic artery would be involved[5]. The 
standard protocol for right hemicolectomy involves resec-
tion of  the right branch of  the middle colic artery with 
preservation of  the left branch[6,14]. Thus, the rate of  loco-
regional recurrence after right hemicolectomy for cancer 
located at the hepatic flexure or within 10 cm distal to 
the hepatic flexure is higher[15,16]. This might be attrib-
uted to the limited resection that did not remove the 
nodes at the root of  the common trunk of  the middle 
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LERH 
(n  = 119)

OERH 
(n  = 101)

P  value

Time to first flatus1 (d)   2.7 ± 1.0   3.2 ± 0.9 < 0.0001
Time to liquid diet1 (d)   3.6 ± 1.0   4.2 ± 1.0 < 0.0001
Hospital stay1 (d) 11.4 ± 4.7 12.8 ± 5.6   0.009
Complications      14 (11.8)      18 (17.6)   0.215
   Wound infection      4 (3.4)      8 (7.8)
   Ileus      4 (3.4)      4 (3.9)
   Anastomotic leak      2 (1.7)      4 (3.9)
   Anastomotic stenosis      1 (0.8)      1 (1.0)
   Introabdominal hemorrhage      1 (0.8)      1 (1.0)
   Abdominal infection      1 (0.8)      0 (0.0)
   Pulmonary embolism      1 (0.8)      0 (0.0)
Mortality      1 (0.8)      1 (1.0)   0.907

1Values are mean ± SD. LERH: Laparoscopic extended right hemicolec-
tomy; OERH: Open extended right hemicolectomy.
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Figure 1  Survival outcomes. A: Cumulative overall survival rate during a 
3-year interval in the LERH and OERH groups (92.0% vs 84.4%, p = 0.209; 
Log-rank test); B: Cumulative disease-free survival rate during a 3-year interval 
in the LERH and OERH groups (84.6% vs 76.6%, p = 0.191; Log-rank test). 
LERH: laparoscopic extended right hemicolectomy; OERH: open extended 
right hemicolectomy.
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colic artery or those at the infrapyloric region. Accord-
ingly, when cancer is located at or within 10 cm distal to 
the hepatic flexure, extended right hemicolectomy with 
D3 lymphadenectomy is appropriate to ensure radical-
ity. However, the surgical safety of  LERH was unclear 
because of  the difficult dissection of  the central lymph 
nodes along either the root of  the middle colic artery or 
the right gastroepiploic vessels.

The time to liquid diet and the postoperative hos-
pital stay were longer in this study than in previous 
reports[7,17]. These differences might be because a fast-
track recovery strategy was not performed routinely in 
the clinical care of  most of  our centers during the early 
period. The extended lymphadenectomy may be another 
reason for the relatively late postoperative recovery.

Lower overall morbidity and reduced risk of  severe 
complications are potential advantages of  laparoscopic 
colectomy compared with open surgery[18]. Although 
there was no statistical significance, in the present study 
the postoperative complication rate was lower in the 
LERH group compared with the OERH group.

Conversion rates in randomized controlled trials 
comparing laparoscopic with open colectomy ranged 
from 11% to 25%[19-21] and the main cause of  conver-
sion in laparoscopic colectomy for cancer was local 
tumor progression[22,23]. Previous studies = have shown 
that conversion resulted in increased operating time, 
increased hospital stay, and more importantly, increased 
morbidity and decreased short-term survival[24-26]. In 
the present study, among the nine cases that converted 
to open surgery, four were T4a lesions. Both of  the 
conversions (2/9, 22.2%) due to uncontrolled bleeding 
occurred during dissection of  the root of  the right gas-
troepiploic artery, which is considered a difficult aspect 
of  this laparoscopic procedure.

The limited reports on D3 lymphadenectomy for 
right colon cancer included only 5 (11.9%) and 32 (18.1%) 
cases of  hepatic flexure colon cancer; moreover, previ-
ous studies only reported extended right hemicolectomy 
for hepatic flexure colon cancer without dissection of  
the lymph node at the infrapyloric region[7,8]. In the pres-
ent series, the 3-year overall survival rate was 92.0% in 
the LERH group, compared with the reported 83.73% 
for laparoscopic surgery without infrapyloric lymphad-
enectomy[8].

Although a novel concept for colon cancer surgery, 
complete mesocolic excision (CME) reported by Ho-
henberger et al[27] has become a standard procedure. 
Both the Japanese procedure of  D3 lymphadenectomy 
and the European approach of  CME for colon cancer 
have been reported to be associated with improved 
overall survival[27,28], and recent research showed equiva-
lent efficacy between D3 surgery and CME for colon 
cancer[29]. During the past two decades, colectomy for 
colon cancer performed in most of  the medical centers 
in China has been based on the Japanese D3 lymphad-
enectomy principle.

Limitations
This study is subject to several limitations. Firstly, the 
retrospective design has the inherent weakness of  being 
observational or nonexperimental. Secondly, the findings 
may lack generalizability due to the relatively short me-
dian follow-up time. Nonetheless, this multicenter study 
suggests a role of  laparoscopic extended right hemico-
lectomy with D3 lymphadenectomy for the treatment of  
cancer located at or within 10 cm distal to the hepatic 
flexure.

Results of  this study suggest that for colon cancer 
located at the hepatic flexure or within 10 cm distal to 
the hepatic flexure, LERH with D3 lymphadenectomy is 
a technically feasible and safe procedure, yielding com-
parable short-term oncologic outcomes to open surgery. 
However, studies of  long-term effects in randomized 
clinical trials are warranted.
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COMMENTS
Background
Laparoscopic colectomy for the treatment of colon cancer has been accepted 
because of the earlier recovery and comparable long-term results based on a 
number of randomized controlled trails (RCTs). Laparoscopic extended right 
hemicolectomy (LERH) with D3 lymphadenectomy for colon cancer was ex-
cluded from majority of the RCTs because of the technical difficulty.
Research frontiers
Laparoscopic surgery has been suggested as an alternative treatment for colon 
cancer because of both the short-term advantages and the comparable long-
term oncologic outcomes when compared to open surgery. LERH with D3 
lymphadenectomy was performed cautiously because it is highly technically de-
manding. With the improvement in surgical techniques, surgeon’s experience, 
and renewal instruments, extended right hemicolectomy with D3 lymphadenec-
tomy has subsequently been attempted in laparoscopic surgery.
Innovations and breakthroughs
LERH with D3 lymphadenectomy is challenging mainly because of technical 
difficulty in dissecting the lymph nodes around the origin of the middle colic 
vessels and right gastroepiploic vessels, and handling the intricacies of ve-
nous anatomy at the gastrocolic trunk of Henle. This multicenter retrospective 
study evaluates the feasibility, safety, and oncologic outcomes of LERH with 
D3 lymphadenectomy. The superior short-term outcomes and equivalent 3-year 
oncologic outcomes suggest that LERH with D3 lymphadenectomy should not 
be excluded from the management of the patients with tumor located at the 
hepatic flexure or within 10 cm distal to the hepatic flexure.
Applications
The study results suggest that LERH with D3 lymphadenectomy for colon 
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cancer is a technically feasible and safe procedure, yielding comparable 3-year 
oncologic outcomes to those of open surgery.
Terminology
Tumor located at or within 10 cm distal to the hepatic flexure has an increased 
risk of infra-pyloric lymph node metastasis. Extended right hemicolectomy with 
D3 lymphadenectomy which was defined as the ileocolic, right colic, middle 
colic, and right gastroepiploic vessels were ligated at their origins in sequence 
and the bowel mobilization was performed at least 10 cm from the margins of 
the tumor.
Peer review
The authors reported a well written and interesting paper in the field of mini-
invasive right colon surgery. The results are clear and well described.
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