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INTRODUCTION
Total mesorectal excision (TME) is now considered the 

‘standard’ surgical approach for rectal cancers, which requires 
appropriate surgical technique and leads to an improved 
recurrence rate and 5-year survival [1,2]. It is based on the 

principle that dissection in the mesorectal plane produces 
an intact fascial-lined specimen containing all of the blood 
vessels, lymphatic vessels, and lymph nodes, where possible 
metastasis was present [3]. Recently, likewise with the concept 
of TME, the term “complete mesocolic excision” (CME) has 
been introduced in colon cancer [4,5]. It is defined as a sharp 
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dissection of the visceral fascia layer from the parietal layer, 
resulting in complete mobilization of the mesocolon, covered 
by an intact visceral fascia layer, and tying of the roots of the 
supplying arteries [6]. Some researchers have proposed that 
CME using central vascular ligation (CVL) should be a standard 
approach for colon cancer surgery, reducing local recurrence 
and improving long-term survival compared with previous 
procedures [3,4]. Presently, however, CME is still a novel 
concept, and more clinical data regarding CME are needed to 
support wider acceptance of this approach worldwide.

Since its first introduction in 1991, laparoscopic colorectal 
surgery for colorectal cancer has increased rapidly, based on 
its particular benefits, including minimal trauma, decreased 
postoperative pain, earlier ambulation, faster recovery, and 
shortened hospital stay [2,6-8]. Additionally, the oncological 
outcomes of laparoscopic colorectal surgery for colorectal 
cancer are comparable with those of an open colectomy [1,9]. 
However, some shortcomings have also been addressed, 
including prolonged operative time, steep learning curve, 
and lack of tactile feedback [10,11]. Thus, despite reports that 
laparoscopy yields ‘better’ clinical outcomes, its utilization is 
estimated to be only 20%–30% in Western countries [12,13]. The 
use of hand-assisted laparoscopic surgery (HALS), a relatively 
new, minimally invasive surgical technique, began in the mid 
1990s; it can be considered as an effective alternative to total 
laparoscopic procedures [14]. In HALS, the nondominant hand 
of the surgeon is inserted into the abdomen through a special 
hand port; then, with the help of laparoscopic visualization, 
that hand can assist with exposure, retraction, dissection, and 
hemostasis during the operation [11]. Due to the combined 
advantages of both laparoscopic and conventional laparotomies, 
many studies have demonstrated the feasibility of HALS 
in various laparoscopic procedures, such as hepatectomy, 
splenectomy, gastrectomy, and nephrectomy [15-17]. Regarding 
colectomy, a few studies have demonstrated that hand-assisted 
laparoscopic colectomy can be a safe and minimally invasive 
approach and a potentially more appropriate operation than a 
laparoscopic or an open colectomy [11,14].

Regarding laparoscopic CME in colectomy, an increasing 
number of studies have evaluated the technique, reporting 
encouraging outcomes [1,6,18,19]. However, to our knowledge, 
there is no study in the literature that has compared short-
term outcomes between hand-assisted laparoscopic CME (HAL-
CME) and a conventional open approach (O-CME). The aim of 
this retrospective study was to assess the feasibility, safety, and 
technical strategies of HAL-CME and to compare the oncological 
outcomes between HAL-CME and O-CME for right hemicolon 
cancers.

METHODS 

Patients, grouping, and preoperative preparation
All patients admitted to The First Affiliated Hospital of 

College of Medicine, Zhejiang University to undergo a right 
hemicolectomy between May 2012 and April 2014 were 
enrolled. The study criteria included cecal, ascending colon, 
or hepatic flexure cancer, confirmed by a pathological exami­
nation, no distant metastasis or extracolonic invasion (en 
bloc resection of adjacent tissues must be performed), and 
patients with ASA classification I–III and ability to tolerate the 
operation. The exclusion criteria included colon cancer with 
distant metastasis or extracolonic invasion, ‘huge’ tumors 
(diameter, >7 cm), malignant lymphoma or other noncancer 
cases, and emergency operation cases (bowel obstruction or 
intestinal perforation). All enrolled patients were divided into 
the hand-assisted laparoscopic CME group (HAL-CME group) 
and the conventional open approach group (O-CME), according 
to the patient’s own preferences after a detailed discussion with 
the surgeon and the availability of the necessary laparoscopic 
instruments. All patients and their families provided written 
informed consent.

Preoperative chest CT and abdominal enhanced CT were 
routinely performed to exclude pulmonary and hepatic 
metastasis. The abdominal CT was also used to assess size 
and location of the tumor, identify extracolonic invasion, and 
evaluate its resectability. Preoperative colonoscopy and biopsy 
were necessary for the diagnosis of patients. Patients were put 
on a liquid diet the day before the operation and underwent 
preoperative mechanical bowel preparation the night before 
surgery [11]. 

Surgical procedures
HAL-CME group
In this group, the patient was placed in a modified low 

lithotomy position at a 15o tilt to the left side. A 6.0-cm midline 
incision of 3-finger breadth around the umbilicus was made 
first for the placement of the hand-port (Lap-Disc; Ethicon Endo-
Surgery, Somerville, NJ, USA), which enables nondominant 
hand exchanges into each quadrant of the abdomen without 
gas leakage. After establishment of pneumoperitoneum, a 10-
mm trocar for the harmonic scalpel was created in the anti-
McBurney point of the left lower quadrant, and another 10-mm 
trocar for a 30o telescope was inserted in the left midclavicular 
line at the level of the umbilicus. The chief surgeon stood 
between the patient’s legs, using his left (nondominant) hand 
for the operation, while the assistant stood to the left of the 
patient to control the telescope. 

A routine exploration of the abdominopelvic cavity was made 
first, and then a medial-to-lateral dissection was performed. 
The dissection started along the superior mesenteric vein 
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(SMV) after identifying the pedicle of ileocolic vessels. The 
ileocolic vessels were exposed completely and transected at 
the root. Next, the dissection was extended caudally to the 
peritoneal reflection of the terminal ileum, laterally under 
the right paracolic peritoneal reflection, and superiorly above 
the pancreas and duodenum to the fused fasciae of the lesser 
epiploic sac. As a result, an avascular surgical plane composed 
of Toldt’s and prerenal fascia was exposed. Then, the dissection 
was continued upwards to the right colic vessels (if present) 
and the gastrocolic trunk. The colic branch of the gastrocolic 
trunk was transected, and the pancreatic and gastric branches 
were preserved. Next, the middle colic vessels were identified 
and severed at the root of the right branch (for tumors located 
in the cecum and ascending colon) or at the origin from the 
superior mesenteric vessels (for tumors located in the proximal 
transverse colon and hepatic flexure). Division of the greater 
omentum resected en bloc with the right colon and exposure 
of the lesser sac were performed. Then, dissection of the 
subpyloric lymph nodes was performed after ligation at the 
origin of the right omentum veins (for tumors located in the 
proximal transverse colon and hepatic flexure). The fusion 
fascia was detached between the omentum and transverse 
mesocolon until the point below the lower edge of the pancreas, 
uncovering the SMV. Finally, the dissection was completed at 
the right part of the gastrocolic ligament, the peritoneum of 
the right paracolic sulci, and at the peritoneal reflection of the 
terminal ileum. Subsequently, the mobilized right hemicolon 
was brought out through the hand-port. Extracorporeal 
ileotransverse side-to-side anastomosis was then performed, 
and the mesenteric defect was closed. Finally, a suction drain 
was inserted into the pelvis, and the abdominal wall wounds 
were closed, layer-by-layer.

O-CME group
In this group, the patient was also placed in a supine position, 

and the operation was performed in a standard manner in­
cluding CME and CVL. A midline incision approximately 15–20 
cm was made, and a medial-to-lateral dissection was performed 
subsequently. The dissection was started along the superior 
mesenteric vessels, below the third portion of the duodenum. 
Corresponding vessels including the ileocolic vessels, right 
colic vessels (if present), colic branch of the gastrocolic trunk 
and middle colic vessels were transected at the root. Dissection 
of the lymph nodes and lymphatic tissues at the origin of 
these vessels was also performed. After the right hemicolon 
was mobilized completely and the mesenteric division had 
been made, an ileotransverse side-to-side anastomosis was 
performed. Then, a suction drainage tube was inserted into 
the right paracolic sulci and the abdominal wall wounds were 
closed, layer-by-layer.

Measurement of patient outcomes
The 2 groups were compared in terms of demographics 

variables, perioperative parameters, and follow-up data. 
Demographics variables included age, gender distribution, 
body mass index (BMI), ASA classification, previous abdominal 
surgeries, tumor localization, and potential comorbidities. 
Perioperative parameters included incision length, operative 
time, blood loss, conversion rate, postoperative pain score, 
postoperative first passage of flatus, duration of hospital stay, 
total cost, number of lymph nodes retrieved, TNM classi­
fication, and postoperative complications. Follow-up data 
included follow-up time, use of chemotherapy, local recurrence 
rate, distant metastasis rate, and short-term survival rate. 
All patients were followed up by the surgical clinic or by a 
telephone interview, and data in the medical records were 
checked.

Statistical analysis 
The SPSS ver. 13.0 (SPSS Inc., Chicago, IL, USA) was used. 

Continuous variables were expressed as means ± standard 
deviations, and discrete variables were expressed as numbers 
and percentages. Statistical analysis was performed using 
independent-samples t-tests or chi-square test where appro­
priate. For all analyses, a P-value < 0.05 was considered to 
indicate statistical significance.

RESULTS
In total, 150 patients with right hemicolon cancer meeting 

Table 1. Demographic variables of the patients in the HAL-
CME and O-CME groups

Variable HAL-CME  
(n = 78)

O-CME  
(n = 72) P-value

Age (yr) 60.1 ± 10.8 62.4 ± 9.8 0.323
Sex, male:female 43:35 40:32 0.958
Body mass index (kg/m2) 21.7 ± 2.6 21.7 ± 2.5 0.978
ASA physical status 
classification

    I:II:III 29:35:14 28:32:12 0.843
Previous abdominal surgery 10 (12.8) 10 (13.9) 0.848
Tumor localization 0.537
    Hepatic flexure: 

ascending colon
32:46 26:46

Potential comorbidities
    Hypertension 34 (43.6) 30 (41.7) 0.812
    Diabetes 15 (19.2) 17 (23.6) 0.513
    Coronary disease 3 (3.8) 3 (4.2) 0.920
    Pulmonary insufficiency 5 (6.4) 7 (9.7) 0.455

Values are presented as mean ± standard deviation, number, or 
number (%).
CME, complete mesocolic excision; HAL-CME, hand-assisted 
laparoscopic CME; O-CME, conventional open approach CME.
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the inclusion criteria were assessed (HAL-CME, 78; O-CME, 
72). All operations in both groups were performed by the same 
surgical team. There was no conversion to O-CME for any 
patient undergoing the HAL-CME procedure in this study.

The demographic variables of the 2 groups are listed in 
Table 1. The 2 groups were similar in age, sex distribution, 
BMI, ASA classification, previous abdominal surgical history, 
tumor localization, and potential comorbidities (all P > 0.05). 
The perioperative parameters of both groups are presented 
in Table 2. As for surgical parameters, patients in the HAL-
CME group had a shorter incision length (5.8 ± 0.5 cm vs. 16.3 
± 4.9 cm, P < 0.05), longer operative time (156 ± 20 minutes 
vs. 130 ± 15 minutes, P < 0.05), and less operative blood loss 
(120 ± 56 mL vs. 127 ± 56 mL, P < 0.05) than those of the 
patients in the O-CME group. After the operation, patients in 
the HAL-CME group had a lower pain score (3.0 ± 0.7 vs. 5.1 ± 
0.6, P < 0.05), earlier first passage of flatus (50.9 ± 2.3 hours 
vs. 77.6 ± 2.3 hours, P < 0.05), shorter hospital stay (7.2 ± 1.1 
days vs. 9.6 ± 1.9 days, P < 0.05), higher total costs (34,660 
± 1,458 renminbi [RMB] vs. 30,721 ± 2,135 RMB, P < 0.05), 
similar number of lymph nodes retrieved (19.2 ± 2.8 vs. 19.9 
± 2.5, P > 0.05), similar TNM classification (P > 0.05), and a 
comparable incidence of postoperative complications (P > 0.05) 
compared with the O-CME group. Postoperative follow-up data 
are presented in Table 3. The median follow-up period for the 

2 groups was 20.1 ± 4.6 months. During follow-up, the use of 
postoperative adjuvant chemotherapy (Xelox or mFolfox6) was 
similar between the groups (P > 0.05). The 2 groups of patients 
were also similar in terms of local recurrence rate (1.3% vs. 1.4%), 
distant metastasis rate (1.3% vs. 1.4%), and short-term survival 
rate (79.5% vs. 77.8%) (all P > 0.05).

Table 2. Perioperative parameters in patients of the HAL-CME and O-CME groups

Variable HAL-CME (n = 78) O-CME (n = 72) P-value

Incision length (cm) 5.8 ± 0.5 16.3 ± 4.9* <0.001
Operative time (min) 156 ± 20 130 ± 15* <0.001
Blood loss (mL) 120 ± 56 127 ± 56 0.430
Conversion rate 0 - -
Postoperative pain score 3.0 ± 0.7 5.1 ± 0.6* <0.001
First passage of flatus (hr) 50.9 ± 2.3 77.6 ± 2.3* <0.001
Duration of hospital stay (day) 7.2 ± 1.1 9.6 ± 1.9* <0.001
Total cost (RMB) 34,660 ± 1,458 30,721 ± 2,135* 0.024
No. of lymph nodes retrieved 19.2 ± 2.8 19.9.4 ± 2.5 0.126
TNM classification (AJCC)
   I:II:III 9:35:34 11:30:31 0.513
Postoperative complications 5 11 0.079
   Ileus 2 (2.6) 2 (2.8) 0.953
   Anastomotic leakage 0 (0) 0 (0) -
   Anastomotic bleeding 0 (0) 0 (0) -
   Wound infection 1 (1.3) 5 (6.9) 0.077
   Pulmonary infection 0 (0) 1 (1.4) 0.296
   Chylous leakage 1 (1.3) 1 (1.4) 0.481
   Gastroplegia 1 (1.3) 2 (2.8) 0.513
   Intra-abdominal sepsis 0 (0) 0 (0) -

Values are presented as mean ± standard deviation, number, or number (%).
CME, complete mesocolic excision; HAL-CME, hand-assisted laparoscopic CME; O-CME, conventional open approach CME; RMB, 
renminbi; AJCC, American Joint Committee on Cancer.
*P < 0.05 compared with HAL-CME group.

Table 3. Follow-up data for patients in the HAL-CME and 
O-CME groups

Variable HAL-CME  
(n = 78)

O-CME  
(n = 72) P-value

Follow-up time (mo) 19.8 ± 7.6 20.0 ± 7.9 0.913
Chemotherapy
  Xelox 35 (44.9) 29 (40.3) 0.570
  mFolfox6 32 (41.0) 31 (43.0) 0.801
  No chemotherapy 11 (14.1) 12 (16.7) 0.663
Local recurrence 1 (1.3) 1 (1.4) 0.955
Distant metastasis 1 (1.3) 1 (1.4) 0.955
Short-term survival rate (%) 79.5 77.8 0.798

Values are presented as mean ± standard deviation or number 
(%) unless otherwise indicated.
CME, complete mesocolic excision; HAL-CME, hand-assisted 
laparoscopic CME; O-CME, conventional open approach CME.
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DISCUSSION
There is global consensus that TME, derived from an 

embryological concept, is the ‘standard’ for rectal cancer surgery; 
the procedure focuses on achieving intact block resection of 
the mesorectum, tumor, and lymphatic drainage [18,20]. Like 
the mesorectum, the embryonic anatomical theory states 
that both visceral and parietal planes also cover a mesocolon-
like envelope. Hohenberger et al. [4], who recently brought the 
concept of the mesocolonic envelope to colon cancer surgery, 
proposed that laparotomic CME is superior to ‘traditional’ colon 
cancer surgery in terms of 5-year local recurrence rate and 
5-year cancer-related survival. Compared with traditional radical 
surgery for right colon, technical strategies for CME include 
two aspects: sharp separation of visceral and parietal fascia, 
based on embryonic anatomy, to minimize the likelihood of an 
incomplete resection, and ligation at the root of central supply 
vessels and more radical lymph node dissection for improving 
oncological outcomes [1,4,18]. Although the right hemicolectomy 
is performed routinely worldwide today, the feasibility and 
safety of CME has only recently been demonstrated in open 
surgeries and in select centers [5,7,21]. In the present study, we 
compared short-term outcomes between HAL-CME and O-CME 
groups and demonstrated the feasibility, safety, and technical 
strategies of HAL-CME. Patients in the HAL-CME group 
experienced a shorter incision length, less operative blood loss, 
lower pain scores, earlier first passage of flatus, and shorter 
hospital stay than those of patients in the O-CME group. 
Finally, short-term oncological outcomes were comparable 
and generally good with both approaches for treating right 
hemicolon cancer.

Laparoscopic colectomy has become a standard surgical treat­
ment for colon cancer; short-term benefits, such as decreased 
postoperative pain, more rapid postoperative recovery, short­
ened hospital stay, improved quality of life, and similar 
oncological results compared with open colectomy have 
been demonstrated [1,6,20,22]. With the emergence of CME, 
laparoscopic CME in colectomy has been reported increasingly 
and has achieved encouraging outcomes. However, some 
deficiencies have been raised regarding the lack of tactile 
feedback, the prolonged operative time, the steep learning 
curve, the cost-effectiveness of laparoscopic techniques, and 
the potential for port-site tumor recurrence [11]. Moreover, 
a laparoscopic CME is not easy to perform because of the 
complex and variable vascular anatomy of the right hemicolon 
[6,21]. Many studies have shown that HALS is a valid surgical 
approach for colorectal resection that offers similar short- and 
long-term MIS benefits, compared with laparoscopic procedures, 
while being less technically demanding, have a shorter learning 
curve for less experienced surgeons, and a low conversion rate 
to open approaches [10,11,14,23]. However, no reported study 

has evaluated the feasibility, safety, or technical strategies for 
HAL-CME. In our study, we demonstrated that this technique 
is a safe, useful, and feasible method for patients with right 
hemicolon cancer. The HAL-CME procedure is associated with 
a smaller incision, less operative blood loss, less postoperative 
pain, earlier postoperative passage of flatus, shorter hospital 
stay, and similar short-term oncological outcomes compared 
with O-CME.

The operative approach of CME includes lateral or medial 
access. According to the literature, lateral access or medial 
access is used to conduct CME procedures [24,25]. For right 
hemicolectomies, lateral access is usually performed in 
most open surgeries, whereas medial access is used in most 
laparoscopic approaches. Lateral access begins with complete 
mobilization of the total right hemicolon, followed by a sharp 
separation between the visceral and parietal fascia. Then, a 
high ligation at the root of the central supply vessels to the 
right hemicolon is performed. Medial access begins with 
ligation of the ileocolic vessels and proceeds along the superior 
mesenteric vessel in the mesocolon to enter the genuine 
surgical plain between the visceral and parietal fascia. After 
high ligation at the root of the central supply vessels to the right 
hemicolon, complete mobilization of the total right hemicolon 
is performed.

Although there is no consensus or large-scale comparative 
studies on the proper dissection plane in a laparoscopic 
colectomy, some authors have advocated medial access [26,27], 
while others have suggested lateral access [6]. We consider that 
medial access involves decreased manipulation of the cancer, 
earlier detection of retroperitoneal structures, and reduced 
bleeding from prior division of vessels. 

The impact of the number of lymph nodes retrieved after 
colon cancer surgery on oncological outcomes has recently 
been emphasized. Retrieving an adequate number of lymph 
nodes is crucial for accurate tumor staging in the management 
of colorectal cancer. Some studies have suggested that the 
number of lymph nodes harvested and the ratio of involved to 
uninvolved nodes appear to be significant prognostic factors 
even in patients with stage III disease, in which improved 
survival is seen with increased lymph node yield [6,28,29], 
with the optimum number of nodes ranging between 15 and 
28 [4,30]. It has been demonstrated that CME and CVL remove 
more tissue around a tumor and are more likely to resect in the 
mesocolic plane, resulting in a maximal lymph node harvest 
[3]. In the present study, the numbers of lymph nodes retrieved 
in the 2 groups were 19.2 ± 2.8 (HAL-CME) and 19.9 ± 2.5 
(O-CME), more than that in our previous study [11]. Moreover, 
with regard to oncological outcomes, the 2 groups showed very 
low local recurrence (1.3% and 1.4%) and distant metastasis rates 
(1.3% and 1.4%). The short-term overall survival rate was 78.7%. 

In conclusion, we performed a retrospective study demon­



 Annals of Surgical Treatment and Research 95

strating the feasibility, safety, and technical strategies of HAL-
CME and compared the oncological outcomes between HAL-
CME and O-CME for right hemicolon cancers. The results from 
the present study demonstrate that the HAL-CME procedure is 
a safe, valid, and feasible surgical method for right hemicolon 
cancers. It is associated with smaller incisions, less operative 
blood loss, less postoperative pain, earlier recovery after op­
eration, and shorter hospital stays compared with O-CME. 
However, to address the role of HAL-CME in the curative man­
agement of right hemicolon cancers, longer-term follow-up is 
needed.
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