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ABSTRACT. The purpose of this study is to compare the efficacy 
of laparoscopy-assisted radical gastrectomy (LARG) versus that of 
open radical gastrectomy (ORG). Clinical data of 355 patients who 
underwent radical gastrectomy (160 in the LARG group and 195 in 
the ORG group) were analyzed retrospectively. Efficacy indices were 
compared and analyzed between the two groups. The operating time 
of LARG was longer than that of ORG (228.43 ± 34.77 versus 207.59 
± 28.39 min). However, patients in the LARG group lost less blood 
than did those in the ORG group (169.46 ± 82.92 versus 193.86 ± 
82.09 mL), and more lymph nodes were removed in the LARG group 
(19.84 ± 4.7 versus 18.04 ± 4.14 per case). The recovery of intestinal 
function was faster (3.72 ± 1.03 versus 4.41 ± 1.30 days) in the LARG 
group. Patients in the LARG group were administered a semi-fluid diet 
earlier (5.66 ± 2.27 versus 7.09 ± 2.33 days) and had a shorter hospital 
stay (9.44 ± 3.06 versus 11.07 ± 7.91 days) than did those in the ORG 
group, and these differences were statistically significant (P < 0.05). No 
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significant differences were found in the length of proximal and distal 
resection margin and the incidence of complications (P > 0.05) between 
the two groups. Thus, LARG is safe, feasible, and effective for treating 
advanced gastric cancer.
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INTRODUCTION

Since laparoscopy-assisted radical gastrectomy (LARG) for early gastric cancer was 
initially reported by Japanese researchers Kitano et al. in 1994, it has been widely developed 
worldwide owing to its attributes of quick recovery and short hospital stay as well as mild 
trauma and less pain in patients. At present, the techniques of performing LARG for early 
gastric cancer have gradually improved and its apparent advantage - minimal invasion - has 
been increasingly identified. LARG has good outcomes and is defined as one of the standard 
therapies for stage I gastric cancer in the general rules for gastric cancer study (Japan) (Usui et 
al., 2003; An et al., 2010; Lee et al., 2010; Ng, 2010). However, the test for early gastric cancer 
is not performed as frequently in most countries as it is in Japan. In China, most patients with 
gastric cancer are diagnosed at the advanced stages. Therefore, the application of laparoscopy 
to advanced gastric cancer is necessary.

Since Goh et al. (2001) first applied laparoscopy-assisted D2 radical gastrectomy to 
treat advanced gastric cancer in 1997, related reports have increased year by year. However, 
the use of LARG for advanced gastric cancer is still in the initial stages mainly because of 
the rich perigastric vessels and complicated anatomical levels, which are difficult to not only 
expose and separate under a laparoscope but also control if massive hemorrhage occurs dur-
ing surgery. Moreover, surgeons are unable to reach the gastric tissue and accurately estimate 
the resection edge in laparoscopy-assisted surgery as they do in open surgery. Nevertheless, 
D2 lymph node dissection requires the surgeons to have extensive experience in both lymph 
node removal and laparoscopy. Therefore, there is much dispute regarding whether LARG for 
advanced gastric cancer is safe and feasible, and whether the tumor can be radically removed 
(Allieta et al., 2009; Kato et al., 2011; Chen et al., 2012; Cui et al., 2012). Our study retrospec-
tively analyzed and compared clinical data of patients who underwent laparoscopy-assisted or 
open D2 radical gastrectomy in order to explore the safety, feasibility, and clinical outcomes 
of LARG for advanced gastric cancer.

MATERIAL AND METHODS

Patient characteristics

Clinical data was collected from 355 advanced gastric cancer patients who under-
went D2 radical gastrectomy performed by the same clinical group in the Department of 
Surgical Oncology, Affiliated Hospital of Fujian Putian College between January 2010 and 
June 2012. All patients signed informed consent forms before surgery. In all, 160 patients 
underwent LARG and 195 underwent open radical gastrectomy (ORG). No significant dif-
ference was found in the patient characteristics of the two groups (P > 0.05); these data are 
summarized in Table 1.
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Methods of operation

Perioperative management was conducted according to the concept of accelerated 
rehabilitation. During surgery, the tracheal cannula was used in patients under general and 
epidural anesthesia who lay in the supine position in a herringbone fashion. Perigastric lymph 
node dissection was performed in all patients according to the 13th Japanese edition of the 
D2 radical surgery standard for gastric cancer, and laparoscopic surgery was performed as 
described in the literature (An et al., 2010; Ng, 2010). ORG was performed in the conventional 
way, and the D2 lymph nodes were removed according to 13th Japanese edition of general 
rules for gastric cancer study (Tokyo: Kanehara & Co., Ltd., 1998). The surgeries in both the 
groups were performed by the same surgeons.

Evaluation of indices 

The indices compared between two groups were surgical safety (rate of conversion 
to laparotomy, operating time, amount of bleeding, and incidence of postoperative complica-
tions), radical surgery index (number of resected lymph nodes and length of resection margin), 
and short-term efficacy (postoperative analgesia rate, anal ventilation time, time of administer-
ing semi-fluid diet, and postoperative hospital stay). 

Statistical analyses

The experiment data were analyzed using the SPSS 14.0 software and are reported as 
means ± SD. Measurement data and enumeration data were analyzed using the Student t-test 
and chi-square test, respectively.

RESULTS

Surgical safety-related indices

No surgical death occurred in either group. Among the 160 patients in the LARG 
group, 157 underwent successful surgeries and 3 patients were converted to laparotomy be-

Table 1. Comparison of general data of patients in LARG and ORG groups.

General data LARG ORG P value

Gender   
   Male   92 115 0.779
   Female   68  80 
Body mass index (kg/m2)* 22.40 ± 3.85 22.20 ± 3.75 0.609
Age (years old)*   58.09 ± 10.87   58.61 ± 12.33 0.675
Operation [case (%)]   
   Gastrectomy 114 123 0.104
   Laparoscopy-assisted distal gastrectomy   46  72
TNM stage [case (%)]
   IB    35  36 0.620
   II   84  98
   IIIA    35  50
   IIIB     6   11
*Values are reported as means ± SD.
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cause of invasion of a surrounding organ by the larger tumor or owing to obesity. Compared with 
those in the ORG group, patients in the LARG group required longer operating time and lost less 
blood (P < 0.05). In the LARG group, 1 patient with postoperative anastomotic bleeding was 
treated with reoperation; 2 patients with abdominal bleeding and 2 with pleural effusion were 
managed by conservative treatment; 5 patients with anastomotic fistula were treated by drain-
age and nutritional support; 3 patients with lung infection and 1 with abdominal infection were 
treated using strengthened anti-infection therapy; and 2 patients with ileus were cured by fasting 
and parenteral nutritional support. No surgical incision infection was found. In the ORG group, 
2 patients had postoperative anastomotic bleeding; 5, pleural effusion; 7, lung infections; 5, sur-
gical incision infection; 7, anastomotic fistula, and 5, ileus. No statistical difference was found 
between the incidences of postoperative complications in the two groups (Table 2).

Table 2. Comparison of surgical safety-related indices between LARG and ORG group (means ± SD).

Indices LARG ORG P value

Total duration of surgery (min) 228.43 ± 34.77  207.59 ± 28.39 0.000
Intraoperatve blood loss (mL) 169.46 ± 82.92 193. 86 ± 82.09 0.006
Complication [case(%)] 16 (10%) 31 (15.9%) 0.103

Radical surgery index

Surgical resection specimens of the two groups accorded with the standard, and the range 
of specimens and resected lymph nodes was adequate. Pathological examination of the resection 
margin for all specimens was negative in both groups. The lengths of the proximal and distal resec-
tion margin were 6.33 ± 1.91 and 5.73 ± 1.47 cm, respectively, in the LARG group and 6.44 ± 2.04 
and 5.92 ± 1.11 cm, respectively, in the ORG group; no significant difference was found between 
the two groups (P > 0.05). The number of resected lymph nodes was 19.84 ± 4.7 per case in the 
LARG group, which was higher than 18.04 ± 4.14 per case in the ORG group (Table 3).

Table 3. Comparison of surgery radical indices between LARG and ORG groups (means ± SD).

Indices LARG ORG P value 

Lengths of proximal resection margin (cm)     6.33 ± 1.91   6.44 ± 2.04 0.621
Lengths of distal resection margin (cm)     5.73 ± 1.47   5.92 ± 1.11 0.149
Number of removed lymph nodes/case 19.84 ± 4.7 18.04 ± 4.14 0.000

Short-term efficacy indices

Compared with patients in the ORG group, those in the LARG group experienced less 
pain and a shorter anal ventilation time; they were administered a semi-fluid diet earlier and 
had a shorter postoperative hospital stay (Table 4).

Table 4. Comparison of short-term efficacy indices between LARG and ORG groups (means ± SD).

Indices LARG ORG P value

Postoperative analgesia requirement [case (%)] 77 (48.1%) 120 (61.5%) 0.011
Anal ventilation time (days) 3.72 ± 1.03   4.41 ± 1.30 0.000
Semi-fluid diet time (days) 5.66 ± 2.27   7.09 ± 2.33 0.000
Postoperative stay in hospital (days) 9.44 ± 3.06 11.07 ± 7.91 0.014
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DISCUSSION

In recent years, LARG has been increasingly used as one of the standard treatments for 
stage I gastric cancer in Japan and Korea among other countries. However, in most countries, ma-
jority of patients with gastric cancer are diagnosed at an advanced stage. Thus, several surgeons are 
trying to apply laparoscopy to the treatment of advanced gastric cancer. In this study, we gradually 
developed the laparoscopic technique for advanced gastric cancer based on the abundant experi-
ence in laparoscopy for early gastric cancer, and compared it with ORG to explore surgical safety 
and the radical nature of laparoscopyic operations for advanced gastric cancer.

Complete resection of lesions and adequate resection margin are the principles that 
radical gastrectomy must comply with (Ahmad et al., 2007). In China, the recommended ad-
equate resection margin is more than 5 cm. In our study, the lengths of proximal and distal 
resection margin were 6.33 ± 1.91 cm and 5.73 ± 1.47 cm, respectively, in the LARG group, 
showing no significant difference compared with those of the ORG group (P > 0.05), which 
was consistent with foreign literature. Pugliese et al. (2007) reported that the average length 
of distal resection margin was 6.8 cm in 19 patients with advanced gastric cancer who un-
derwent laparoscopy-assisted D2 radical gastrectomy, and they showed no residual cancer at 
the postoperative stump. Chun et al. (2012) demonstrated that the mean length of the distal 
resection margin was 5.0 cm in 52 cases of pT2 gastric cancer treated with LARG. In addition, 
approximately 1.0 cm of distal residue was present in the anvil block of the anastomat used in 
surgery, which indicated that laparoscopy ensured the safety of resection margin as ORG did.

The number of dissected lymph nodes has been considered as an important index in 
the evaluation of radical surgery for gastric cancer (Shiraishi et al., 2006; Seevaratnam et al., 
2012). Miura et al. (2004) categorized and compared the number of resected lymph nodes be-
tween the LARG and ORG groups, and discovered that the number of resected lymph nodes 
in the LARG group, especially in the 4th, 6th, 9th, and 11th groups were markedly lesser 
than those in the ORG group due to difficulties in operation. However, Huscher et al. (2005) 
showed a similar number of resected lymph nodes in both groups by using the same analysis. 
Moreover, Huang et al. (2011) demonstrated that the average number of resected lymph nodes 
(29.1 ± 10.4 per case) in the LARG group was similar to that of ORG group, except that the 
number of 7th and 8th lymph nodes was distinctly greater in the LARG group. In this research, 
no significant difference was found in the number of resected lymph nodes between the two 
groups (P > 0.05). We identified skilled laparoscopic technique and good sense of anatomical 
hierarchy as the key points for lymph node resection. Therefore, the number of resected lymph 
nodes should be similar as long as the operation was performed according to standard surgical 
steps for radical surgery for gastric cancer. LARG can result in an outcome similar to that of 
ORG. 

Operating time, intraoperative blood loss, incidence of complication and mortality are 
significant indices for evaluating surgical safety (Ahmad et al., 2007). In our study, 3 patients 
(1.88%, 3/160) were converted to laparotomy because of invasion of a surrounding organ by 
the larger tumor or owing to obesity, and no death occurred. Operating time and intraoperative 
blood loss in LARG for advanced gastric cancer was closely correlated with the laparoscopic 
experience of surgeons. In this research, the LARG group had a longer operating time but 
lost less blood compared with the ORG group, and this helped the patients undergoing LARG 
with quick postoperative recovery. Apart from the pneumoperitoneum-related complication 
of LARG, other complications are similar to those of ORG. A retrospective study of LARG 
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in 1485 cases from 10 centers in Korea revealed that the incidence of complications and mor-
tality were 14 and 0.6%, respectively, for LARG (Kim et al., 2008) and 14.4 and 0-1.2%, re-
spectively, for ORG (Moriwaki et al., 2001). According to the foreign literature, the incidence 
of complications related to LARG was lower than that of ORG. Although we did not find any 
such difference between the two groups in our study (P > 0.05), the incidence of complications 
was lesser in LARG (10 to 15.9%), indicating that LARG was safe for patients with advance 
gastric cancer. We believe that the incidence of complications in LARG mainly correlated with 
the laparoscopic operation technique used by the surgeons and their proficiency in performing 
laparoscopy. In order to reduce the surgical complications and the rate of conversion to lapa-
rotomy, doctors should check for surgical indications and perform a careful preoperative evalua-
tion. Peritoneoscopy should be performed to assess the cases in which it is difficult to determine 
the stage before surgery. Conversion to laparotomy should be conducted in patients who are not 
suitable for LARG, and surgeons must not violate the surgical principle for minimal invasion. 

The main criterion for evaluating whether a new surgical technique is superior to 
conventional methods is the clinical benefit in patients. Our research demonstrated that com-
pared with those in the ORG group, patients in the LARG group experienced lesser pain and 
shorter anal ventilation time; they were administered a semi-fluid diet earlier and had a shorter 
postoperative hospital stay. At present, our study as well as previous reports (Miura et al., 
2004; Huscher et al., 2005; Huang et al., 2011) demonstrated several advantages of LARG for 
advanced gastric cancer, including mild trauma, quick postoperative recovery and short hospi-
tal stay, indicating that the patients who underwent LARG had a better early life quality than 
did those who underwent ORG. As for the long-term life quality of patients who underwent 
LARG, Yasuda et al. (2007) discovered that the total score of 22 indicators, such as daily eat-
ing frequency, food intake at each meal and appetite, in the LARG group was similar to that of 
the ORG group; however, the incidence of postoperative ileus in the LARG group (1%) was 
distinctly lower than that in the ORG group (13%). 

In conclusion, LARG is a safe, feasible, and effective method for the treatment of 
advanced gastric cancer. LARG is characterized by less intraoperative blood loss, high num-
ber of resected lymph nodes, and quick postoperative recovery, as well as a radical efficacy 
similar to that of ORG.
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