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Background: Enhanced recovery after surgery (ERAS) has been successfully applied in general surgery, 
especially in colorectal resection. However, the effect of ERAS in gastric cancer resection in current studies 
are inconsistent and most of which were single center retrospective ones. Thus, our study was aimed to 
evaluate the application of laparoscopy in ERAS for gastric cancer based on Chinese multicenter data.
Methods: The clinical and pathological data of patients who underwent radical gastric cancer resection at 
three Chinese medical centers between January, 2015 and December, 2017 were retrospectively analyzed. 
The current application of laparoscopy in ERAS for gastric cancer was evaluated.
Results: A total of 1,434 patients were involved in the final analysis. The operation time was 265.7±79.1 min,  
blood loss was 200 [5–1,300] mL, and the number of lymph nodes dissected was 26.4±12.9. Time to 
first ambulation, flatus, and liquid food intake were 2.1±1.3, 4.4±2.7, and 6.1±3.6 days, respectively, and 
postoperative hospital stay was 9.0±1.5 days. The incidence of postoperative complications, Clavien-Dindo 
score ≥ II, was 10.0%, and the rate of readmission within 30 days of discharge was 1.4%. Of the patients who 
underwent total gastrectomy, those in the laparoscopic group had a higher number of lymph nodes retrieved 
than those in the open group (P<0.05), and also had earlier ambulation, oral intake and first flatus, as well 
as a shorter postoperative hospital stay time than the open group. There were no significant differences in 
intraoperative blood loss or postoperative complications between the two groups (P>0.05). Of the patients 
who underwent distal gastrectomy, the laparoscopic group had a lower volume of blood loss, shorter 
postoperative hospital stay time, and earlier ambulation, oral intake, and first flatus than the open group, and 
had a similar number of lymph nodes dissected compared to the open group (P>0.05).
Conclusions: Laparoscopic surgery combined with ERAS can shorten the time to early ambulation, 
oral intake, and first flatus, and shorten the length of hospital stay. Laparoscopic surgery can achieve the 
same oncological outcomes as open surgery and is safe and feasible without increasing the incidence of 
postoperative complications.
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Introduction

Radical surgical resection, supplemented by chemotherapy, 
radiotherapy or targeted therapy, is the main treatment 
for early and middle stage gastric cancer. For advanced or 
inoperable gastric cancer, some patients still can benefit 
from palliative chemotherapy, radiotherapy or targeted 
therapy. Patients who received radical surgical resection 
had a higher overall survival rate, however, it has many 
associated problems, such as a relatively large surgical field 
and a large number of postoperative complications. Serious 
complications can result in prolonged recovery time, 
increases medical costs, and even death (1-3). Therefore, 
it is important to reduce the risks of surgery and enhance 
patients’ recovery.

Enhanced recovery after surgery (ERAS) refers to the 
application of a series of management strategies evidenced 
to be effective in the perioperative period, which include 
a shortened preoperative fasting time, no indwelling 
nasogastric tube, and early removal of the urethral catheter. 
Measures such as these have been shown to alleviate the 
patient’s psychological and physiological stress response 
and reduce the postoperative complications, hospital stay 
time, risk for readmission, medical costs, and incidence of 
death (4,5). Colorectal surgery has seen the earliest and 
most successful application of ERAS so far, with patients 
discharged 2–3 days after surgery (6-8). To standardize 
the procedure, ERAS guidelines have been published (9). 
However, it remains to be seen if ERAS could be used for 
radical gastrectomy in the same way it has been applied with 
colorectal surgery. At present, many studies have reported 
the application of ERAS in gastric cancer and achieved 
satisfactory results, but of which were mostly single-
center, small-sample retrospective studies with low level of 
evidence. Therefore, we need a multicenter, large-sample 
prospective clinic trial with a higher level of evidence 
to confirm previously reported findings. This study 
examined the current status of ERAS for gastric cancer by 
summarizing data from three medical centers in China, 
to prepare for a prospective clinic trial that in the hope of 
providing a reference value for more centers to carry out 

ERAS for gastric cancer and improve the implementation 
process of ERAS for patients with the disease.

Methods

Patients 

The clinical and pathological data of 1,664 gastric cancer 
patients from January, 2015 to December, 2017 were 
collected from 3 different medical centers in China. These 
were Xijing Hospital of Digestive Disease, Xijing Hospital, 
The Air Force Military Medical University (722 patients); 
Union Hospital, Tongji Medical College, Huazhong 
University of Science and Technology (606 patients); and 
Guangdong Provincial People’s Hospital, Guangdong 
Academy of Medical Sciences (336 patients). 

Patients diagnosed with gastric adenocarcinoma who 
underwent radical surgery with perioperative ERAS with 
American Society of Anesthesiologists (ASA) physical status 
classification system grades of I to III were included in the 
study. Patients who had received emergency surgery, or 
who had additional uncontrolled internal medical problems, 
distant metastasis detected before or during surgery, or 
other malignancies, were excluded. The flowchart for 
patient inclusion is shown in Figure 1. 

This retrospective study was approved by the Ethics 
Committee of Guangdong Provincial People’s Hospital 
and was carried out in adherence with the Declaration of 
Helsinki. The need for informed consent from all patients 
was waived due to the study’s retrospective nature.

Data collection

The patients’ basic clinical information such as age, sex, 
body mass index (BMI), ASA physical status classification, 
and tumor locat ion were col lected.  Surgical  and 
postoperative recovery information was collected including 
type of surgery (laparoscopic, open or laparoscopic 
converted to open surgery), distal gastrectomy or total 
gastrectomy, combined other organ dissection, operation 
duration, blood loss, number of lymph nodes retrieved, time 
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until postoperative food intake, time until first flatus, time 
until ambulation, hospital stay duration, and complications 
and readmission due to complications within 30 days of 
discharge.

Statistical analyses

Statistical analyses were performed using SPSS 22.0 
software. Quantitative data are described as the mean ± 
standard deviation, and t-tests or rank sum tests were used 
to test the hypothesis. Qualitative data are described by the 
number of cases and percentages, and χ2 or Fisher’s tests 
were used to test the hypothesis. Statistical significance was 
considered to exist when P<0.05.

Results

Patient clinical characteristics

In total, 1,434 patients were involved in the final analysis, 
of whom there were 947 (66.0%) males and 487 (34.0%) 
females. The median age at diagnosis was 58.2±11.1 (range, 
20–90) (Table 1).

Surgical and postoperative recovery information

Open surgery was received by 634 (44.2%) patients and 
laparoscopic surgery was received by 800 (55.8%) patients, 

while 63 (3.3%) patients underwent laparoscopic surgery 
that was converted to open surgery. A total of 745 patients 
(52.0%) underwent distal gastrectomy, and 689 patients 
(48.0%) underwent total gastrectomy. The mean operation 
time was 265.7±79.1 min, the median blood loss was 200 
[5–1,300] mL, and the number of lymph nodes dissected 
was 26.4±12.9. The time to ambulation was 2.1±1.3 days, 
time to first flatus was 4.4±2.7 days, time to first liquid 
food intake was 6.1±3.6 days. The postoperative length of 
hospital stay was 9.0±1.5 days (Table 2).

Subgroup analysis based on types of surgery and extent of 
resection

The types of surgery were divided into laparoscopic and 
open surgery (conversion of laparoscopic surgery to open 
surgery was considered open surgery), and the types of 
resection were divided into total gastrectomy and distal 
gastrectomy.

Out of the patients who underwent total gastrectomy, 
significantly more lymph nodes were removed in the 
laparoscopic group than in the open group (P<0.05). 
The laparoscopic group also had a shorter time to 
ambulation, oral intake, and first flatus, as well as a shorter 
postoperative hospital stay than the open group. However, 
the laparoscopic group had a longer operation time than 
the open group (P<0.05), and there were no significant 

Data from a total of 1,664 gastric cancer 
patients who received perioperative 

ERAS protocol were collected from 3 
medical centers

Subgroup analysis by 
gastric resection type

(n=1,434)

Distal gastrectomy
(n=745)

Open group
(n=357)

Open group
(n=277)

Laparoscopic group 
(n=388)

Laparoscopic group 
(n=412)

Total gastric resection
(n=689)

Excluded:
• 78 cases of proximal gastrectomy
• 152 cases of incomplete clinical data

Figure 1 Population Flowchart of the patients. ERAS, enhanced recovery after surgery.
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Table 1 Basic clinical data of 1,434 gastric cancer patients 

Basic clinical data Value

Sex 

Male 947 (66.0%)

Female 487 (34.0%)

Age (years) 58.2±11.1

BMIa (kg/m2) 21.8±3.3

ASA classb 

I 251 (17.5%)

II 906 (63.2%)

III 277 (19.3%)

Tumor location 

Upper 348 (24.3%)

Middle 426 (29.7%)

Lower 660 (46.0%)
a, Body mass index; b, American Society of Anesthesiologists 
Classification.

Table 2 Surgical and postoperative recovery information of 1,434 
gastric cancer patients

Item Value

Operation time (min) 265.7±79.1

Blood loss (mL) 200 [5–1,300]

First ambulation (days) 2.1±1.3 

First flatus (days) 4.4±2.7

First oral intake (days) 6.1±3.6

Postoperative complication*

Yes 143 (10.0%)

No 1,291 (90.0%)

Postoperative hospital stay (days) 9.0±1.5

Readmissiona 

Yes 20 (1.4%)

No 1,414 (98.6%)
a, within 30 days of discharge; *, Clavien-Dindo classification ≥ II 
was considered a significant complication.

differences in intraoperative blood loss or postoperative 
complications between the two groups (P>0.05) (Table 3).

For the patients who underwent distal gastrectomy, 
the laparoscopic group had less blood loss, a shorter 
postoperative length of hospital, and a shorter time to 
ambulation, oral intake, and first flatus than the open 
group. The operation time of the laparoscopic group was 
longer than that of the open group (P<0.05). There were 
no significant differences in the number of lymph nodes 
dissected or complications between the two groups (P>0.05) 
(Table 4).

Discussion

First proposed by Danish surgeon Kehlet in 2001, the 
concept of fast-track surgery, or ERAS, refers to a series of 
management strategies for the perioperative period which 
were evidenced to minimize trauma for the patients and to 
achieve rapid recovery (5). 

In China, the concept of ERAS was first introduced 
and promoted in 2007 by Li (10). In the same year, Li’s 
team first reported the safety and effectiveness of ERAS in 
patients with gastric cancer. Patients in the ERAS group 
had a shorter postoperative hospital stay, lower costs, faster 
postoperative exhaustion, less intravenous infusion, less 
weight loss after surgery, and no increase in postoperative 

complications, compared with the control group (11). Since 
then, there has been an increasing amount of research to 
investigate ERAS for gastric cancer in China (12,13). 

However, the majority of ERAS research in China are 
single-center in nature and focused on a small sample size, 
and multicenter research with a large sample size is lacking. 
Our study included clinical and pathological data from 
1,664 gastric cancer patients who underwent radical surgery 
at 3 medical centers in China, and 1,434 patients were 
involved in the final analysis. The purpose of this study was 
to determine the current status of ERAS for gastric cancer 
in China and to evaluate the application of laparoscopy for 
ERAS.

In our data, distal gastrectomy and total gastrectomy 
accounted for 52.0% and 48.0% of al l  surgeries, 
respectively. Only 4.7% of the patients underwent 
proximal gastrectomy (78/1,664 patients) due to the high 
risk of anastomotic leakage after proximal gastrectomy 
and significant reflux symptoms (14,15). Few proximal 
gastrectomy procedures are performed in China, Japan, and 
South Korea; thus, proximal gastrectomy cases were not 
included in this study.

Minimally invasive techniques comprise one of the 
core elements of ERAS. Laparoscopic surgery has been 
proved to result in less surgical trauma, faster recovery of 
postoperative gastrointestinal function, fewer complications, 
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Table 3 Operative and postoperative analysis of 689 total gastrectomy patients

Item Open surgery (n=277) Laparoscopic surgery (n=412) P value

Sex 0.659

Male 177 (63.9%) 270 (65.5%)

Female 100 (36.1%) 142 (34.5%)

Age (years) 57.5±10.9 60.2±10.2 0.270

BMIa (kg/m2) 21.7±5.1 22.2±5.8 0.207

ASA classb 

I 49 (17.7%) 75 (18.2%) 0.672

II 170 (61.4%) 262 (63.6%)

III 58 (20.9%) 75 (18.2%)

Tumor location 0.953

Upper 66 (23.8%) 102 (24.8%)

Middle 85 (30.7%) 123 (29.9%)

Lower 126 (45.5%)   187 (45.3%)

Surgical time (min) 269.3±75.6 316.1±78.1 0.000

Blood loss (mL) 273.0±222.2 281.1±244.9 0.871

Lymph nodes dissected 27.6±12.4 31.2±14.1 0.008

First ambulation (days) 2.5±1.6 1.9±1.2 0.003

First flatus (days) 5.0±2.6 3.6±1.9 0.000

First oral intake (days) 7.8±4.3 5.4±3.0 0.000

Postoperative complication* 0.875

Yes 32 (11.6%) 46 (11.2%)

No 245 (88.4%) 366 (88.8%)

Postoperative hospital stay (days) 9.2±5.0 9.0±3.2 0.844
a, Body mass index; b, American Society of Anesthesiologists Classification; *, Clavien-Dindo classification ≥ II was considered a  
significant complication.

and shorter hospital stays. Laparoscopic methods have been 
used in many fields of surgery worldwide. Since the first 
laparoscopic distal gastric surgery for the treatment of early 
gastric cancer was reported by Kitano et al. in 1994 (16),  
laparoscopic surgery has also been carried out for total 
gastric cancer, achieving positive outcomes (17). In this 
study, in line with other research reports, 55.8% of the 
patients underwent laparoscopic surgery, and 3.3% of the 
patients underwent laparotomy that was converted from 
laparoscopy (17,18). These conversions have been reported 
to be related to the rapid development and promotion of 
laparoscopic surgery and reflect that the medical centers 
engaged in this study all had to overcome the laparoscopic 

learning curve.
In the subgroup analysis of patients who did and did not 

undergo laparoscopic surgery for total gastrectomy, the 
operation time for laparoscopic surgery was longer than 
that for open surgery (269.3±75.6 vs. 316.1±78.1 min). The 
difference was statistically significant (P<0.05), which was 
consistent with other research (17). In terms of lymph node 
dissection, the number of lymph nodes dissected in the 
laparoscopic group was greater than that in the open group 
(27.6±12.4 vs. 31.2±14.1, P<0.05), which could be attributed 
to the better surgical field offered by laparoscopic surgery. 
There was no significant difference in intraoperative blood 
loss or postoperative complications (P>0.05) between the 
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two groups. The time to first ambulation, oral intake, and 
first flatus were all significantly shorter for the laparoscopic 
group than for the open group (P<0.05).

In those who underwent distal gastrectomy, the 
laparoscopic group had significantly less intraoperative 
blood loss, and earlier ambulation, oral intake and first 
flatus, as well as a shorter postoperative hospital length of 
stay than the open group (P<0.05). The operation time for 
laparoscopic surgery was also longer than that for open 
surgery (P<0.05). There was no difference in the number 
of lymph nodes dissected or postoperative complications 
(P>0.05) between the two groups.

In this study, the laparoscopic distal gastrectomy group 

experienced less blood loss than the open group (P<0.05), 
but there was no significant difference between the 
laparoscopic and open total gastrectomy groups (P>0.05). 
This is most likely due to the longer learning time for 
laparoscopic total gastrectomy than for partial gastrectomy 
(19,20). Therefore, the results of this subgroup study 
suggest that compared to open surgery, other having a 
longer operation time, radical laparoscopic gastrectomy can 
retrieve a similar number of lymph nodes and also promote 
postoperative recovery without increasing the rate of 
postoperative complications.

Postoperative complications are indicative of the quality 
of the surgery. Due to the limitations of retrospective 

Table 4 Operative and postoperative analysis of 745 distal gastrectomy patients

Item Open surgery (n=357) Laparoscopic surgery (n=388) P value

Sex 0.473

Male 235 (65.8%) 265 (68.3%)

Female 122 (34.2%) 123 (31.7%)

Age (years) 58.6±11.2 57.0±12.0 0.153

BMIa (kg/m2) 25.2±4.3 22.2±4.9 0.434

ASA classb 0.310

I 68 (19.0%) 59 (15.2%)

II 225 (63.0%) 249 (64.2%)

III 64 (18.0%) 80 (20.6%)

Tumor location 0.170

Upper 89 (24.9%) 91 (23.5%)

Middle 114 (31.9%) 104 (26.8%)

Lower 154 (43.2%) 193 (49.7%)

Operation time (min) 240.0±68.9 282.9±68.1 0.000

Blood loss (mL) 209.2±180.0 116.0±133.4 0.000

Lymph nodes dissected 24.2±12.8 24.9±11.2 0.513

Early ambulation (days) 2.2±1.5 1.8±0.9 0.002

First flatus (days) 5.1±3.5 3.4±1.8 0.000

Early oral intake (days) 6.4±3.6 4.4±2.3 0.000

Postoperative complication* 0.766

 Yes 30 (8.4%) 35 (9.0%)

 No 327 (91.6%) 353 (91.0%)

Postoperative hospital time (days) 9.8±7.8 8.8±5.1 0.306
a, Body mass index; b, American Society of Anesthesiologists Classification; *, Clavien-Dindo classification ≥ II was considered a  
significant complication.



Annals of Translational Medicine, Vol 8, No 8 April 2020 Page 7 of 8

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(8):543 | http://dx.doi.org/10.21037/atm-20-2556

analysis, our study only included complications classified 
as higher than grade II by the Clavien-Dindo scoring 
system. In total, 143 patients (10.0%) had postoperative 
complications. In the total gastrectomy group, the 
postoperative complication rates were 11.6% and 11.2% 
in the laparoscopic and open groups, respectively. In the 
distal gastrectomy group, the laparoscopic group had an 
8.4% postoperative complication rate, while the open group 
had a 9.0% postoperative complication rate. No significant 
differences were shown in either subgroup analysis, which is 
consistent with the result of the CLASS01 trial (18). 

A meta-analysis that included 8 studies in gastrectomy 
for gastric cancer and compared a total of 399 ERAS 
patients with 402 normal patients showed that the ERAS 
patients had shorter postoperative hospital stays and lower 
inpatient costs but a higher rate of readmission than the 
normal patients, and there were no differences observed in 
operation time, number of lymph nodes dissected, catheter 
indwelling time or postoperative complication rate (21). 
In our study, the time to first ambulation, oral intake, and 
first flatus were all shorter in the laparoscopic group than in 
the open surgery group, and the laparoscopic group had a 
shorter hospital stay than the open surgery group. However, 
due to regional economic differences, medical costs were 
not included in this analysis.

Despite being a relatively new concept in perioperative 
management, ERAS already has guidelines for its 
application in many different fields, such as colorectal, 
gastric, gynecologic, and cardiothoracic surgery. To date, 
however, there are no standardized criteria for evaluating 
ERAS management. A recent Spanish prospective, 
multicenter cohort study (the POWER study), involving 
2,084 patients who underwent colorectal surgery (22), 
found that the general adherence rate to ERAS was 63.6% 
(IQR, 54.5–77.3%), while the adherence rate of the non-
ERAS group was 59.1%, which was a statistically significant 
difference (P<0.001). The increased rate of compliance to 
ERAS was most likely due to the reduction in postoperative 
complications. Our study group will report the influence 
of postoperative complications on the completion rate of 
ERAS in future research.

Our study has certain limitations. Firstly, due to its 
retrospective nature, some data were incomplete. Secondly, 
in the early stages of ERAS implementation, patients in 
good condition may be assigned to ERAS group which 
lead to bias of the results. Thirdly, due to the uneven 
development of the region, we can’t analyze the health-
economic indicators such as cost of hospitalization.

Although our study simply described the current status 
of ERAS for gastric cancer in three medical centers in 
China, our further plan is to perform a prospective clinic 
trial providing a higher level of evidence for more centers 
to carry out ERAS for gastric cancer.

Conclusions

In conclusion, ERAS is safe and effective for radical 
gastrectomy for gastric cancer. Laparoscopic gastrectomy 
combined with ERAS can shorten the time to early 
ambulation, oral intake, and first flatus and can also 
shorten the postoperative length of hospital stay, without 
compromising oncological outcome or increasing the 
incidence of postoperative complications. However, further 
investigation of the long-term outcomes with a larger-scale, 
prospective, multicenter, randomized controlled trial is still 
required.
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