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Comprehension of readmission after laparoscopy 
assisted distal gastrectomy: what are the causes?
Min-Chan Kim, Ki-Han Kim, Yoo-Min Kim, Ghap-Joong Jung
Department of Surgery, Dong-A University College of Medicine, Busan, Korea

INTRODUCTION
Gastric cancer is one of the most common digestive tract 

malignancies worldwide [1], and every year, 930,000 new cases 
are diagnosed and 700,000 deaths occur [2]. In Korea, 28,078 
new gastric cancer cases were diagnosed in 2008, accounting 
for 15.7% of all cancer occurrences [3]. Early detection of gastric 
cancer has increased recently because of improved diagnostic 
procedures and nationwide screening in Korea [4]. Early gastric 
cancer (EGC) is defined as adenocarcinoma in which the 
depth of invasion is confined to the mucosa or submucosa, 
irrespective of lymph node metastasis, and has a good 

prognosis with surgical curative resection [5]. Many surgeons 
are very interested in the patient’s quality of life, because most 
patients can be cured after surgery [6-8]. Many clinical studies 
have been carried out on long-term survival results and short-
term postoperative outcome in order to clarify the advantages 
of laparoscopy-assisted distal subtotal gastrectomy (LADG) for 
EGC patients [9-15]. Recently, the first multicenter, prospective, 
randomized trial for laparoscopy-assisted distal gastrectomy 
to assess the short- and long-term outcomes for EGC in Korea 
(Korea Laparoscopic Gastrointestinal Surgery Study Group 
[KLASS-01] trial) has been carried out [16]. 

However, no report on the long-term outcome regarding 
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Purpose: The aim of this study is to evaluate long-term outcomes regarding readmission for laparoscopy-assisted distal 
subtotal gastrectomy (LADG) compared to conventional open distal subtotal gastrectomy (CODG) for early gastric cancer 
(EGC).
Methods: Between January 2003 and December 2006, 223 and 106 patients underwent LADG and CODG, respectively, for 
EGC by one surgeon. The clinicopathologic characteristics, postoperative outcomes, postoperative complications, overall 
5-year survival, recurrence, and readmission were retrospectively compared between the two groups. 
Results: Multiple readmission rate in LADG was significantly less than that in CODG (0.4% vs. 3.8%, P = 0.039), although the 
readmission rate, reoperation rate after discharge, and mean readmission days were not significantly different between 
the two groups. Readmission rates of the LADG and CODG groups were 12.6% and 14.2%, respectively. First flatus time 
and postoperative hospital stay was significantly shorter in the LADG group. However, there was no significant difference in 
the complication rates between the two groups. Overall 5-year survival rates of the LADG and CODG group were 100% and 
99.1% (P = 0.038), respectively.
Conclusion: Compared to the CODG group, the LADG group has several advantages in surgical short-term outcome and 
some benefit in terms of readmission in surgical long-term outcome for patients with EGC, even though the oncologic 
outcome of LADG is similar to that of CODG over 5 years.
[Ann Surg Treat Res 2014;86(5):237-243]
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a previous report [9]. Each procedure was determined based 
on the patients’ opinion following sufficient explanation of 
both procedures. All patients gave informed written consent 
for their operations. This retrospective study was approved by 
the Institutional Review Board of Dong-A University Medical 
center (IRB No. 11-183). All patients underwent preoperative 
evaluation, including gastrofiberoscopy and computed 
tomography of the abdomen and pelvis. For assessment of the 
depth of invasion, endoscopic ultrasonography was performed 
in some cases. In the case of mucosal lesions suitable for 
endoscopic treatment, endoscopic submucosal dissection was 
performed. The indication for endoscopic mucosal resection at 
our hospital was a T1 (mucosa) lesion of <2 cm in size with no 
ulcer.

Data collection
We prospectively collected our gastric cancer database and 

retrospectively reviewed the medical records. Clinicopathologic 
features such as age, gender, body mass index (BMI), 
comorbidity disease, tumor size, histologic type, tumor 
location, reconstruction, resection margin, T stage, lymph 
node dissection, and metastatic lymph node status were 
compared between the LADG and CODG groups. In addition, 

readmission associated with late complications for LADG has 
been published to date. Those readmissions can remarkably 
affect a patient’s quality of life [17,18]. We reviewed patients 
with EGC who underwent LADG or conventional open distal 
subtotal gastrectomy (CODG) from January 2003 to December 
2006 for assessment of the features of readmission associated 
with late complications during median follow-up period. 
Furthermore, we analyzed the short-term postoperative 
outcomes and long-term oncologic outcomes during median 
follow-up period.

METHODS

Patients selection
Between January 2003 to December 2006, 329 consecutive 

patients who underwent distal subtotal gastrectomy with 
lymph node dissection for EGC were enrolled in this study. Of 
the patients, 223 patients underwent LADG, while CODG was 
performed on 106 patients. In early periods, our indication of 
LAG for gastric cancer was cT1N0M0. In 2006, we extended the 
indication to T2N1M0. Both LADG and CODG were performed 
by one surgeon with the same surgical techniques. The details 
of our surgical technique for LADG have been described in 

Table 1. The causes and timing of readmission of 28 patients in LADG and 15 in CODG

Cause
LADG (n = 223) CODG (n = 106) Total 

(n = 329) P-value
<1 mo 1 mo–1 yr >1 yr <1 mo 1 mo–1 yr >1 yr

Major causes (reoperation)
   A-loop obstruction 1 1
   Anastomosis leakage 1 1
   Ileus 1 1
   Internal hernia 1 1
   Pancreatitis 1 1
   Remnant stomach cancer 1 1
   Ventral hernia 1 1
Minor causes
   Anastomosis edema 7 1 2 10

0.727
   Acute cholecystitis 1 1
   Constipation 1 1
   Delayed gastric emptying 1 1 2 4
   Diarrhea 1 1 1 3
   Dumping SD 1 1
   Gastric bezoar 1 1 2
   Ileus 1 4 2 1 8
   Intra-abdominal Fluid/abscess 2 2
   Liver abscess 1 1
   Wound infection 2 1 3
No. of patients 12 9 7 7 3 5
Total, n (%) 28 (12.6) 15 (14.2) 43 (13.1)

LADG, laparoscopy-assisted distal gastrectomy; CODG, conventional open distal gastrectomy; SD, standard deviation. 
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postoperative outcomes, hospital course, postoperative 
morbidity, postoperative mortality, and long-term clinical 
outcomes, including cancer recurrence, survival and 
readmission were compared between the two groups. Hospital 
admission records were reviewed to identify readmissions 
associated with only gastric cancer or surgery. In addition, 
the reasons for readmission, timing of readmission, type of 
treatments, rate of reoperation after discharge, number of 
readmissions, and hospital stay for readmission were evaluated. 
We divided the readmission timing into 3 periods (<1 month, 1 
month to 1 year, and >1 year).

All follow-up patients were monitored postoperatively by a 
routine check for blood tests, tumor markers (alpha-fetoprotein, 
CEA, and CA 19-9), chest radiography, endoscopy, and computed 
tomography every six months for two years, then every year for 
the next three years.

Statistical analysis
Chi-square and independent t-tests were used to compare the 

clinicopathological factors of patients who underwent LADG 
and CODG using GraphPad InStat ver. 3.06 (GraphPad Software 
Inc., La Jolla, CA, USA). Statistical significance was assumed for 
P-values <0.05. Survival curves were calculated by the Kaplan-
Meier method. The log-rank test was used to analyze survival 
differences and PASW ver. 18.0 (SPSS Inc., Chicago, IL, USA) was 
used for the analysis.

RESULTS

Readmission after discharge
Readmission rates of the LADG and CODG groups over 5 

years were 12.6% and 14.2%, respectively. The causes and timing 
of readmission in patients in both groups are presented in Table 
1. In the LADG group, the most common cause was anastomosis 
edema (8 patients), and 3 patients needed reoperation due to 
1 afferent loop syndrome, 1 ventral hernia, and 1 remnant 
stomach cancer. In the CODG group, postoperative ileus (5 
patients) was the most common cause for readmission. Four 
patients underwent reoperation due to 1 ileus, 1 pancreatitis, 
1 internal hernia, and 1 anastomotic leakage. Twelve of 28 
patients (42.9%) in LADG group and 7 of 15 patients (46.7%) in 
CODG group were readmitted within 1 month after discharge. 

Twenty eight patients in LADG group were treated by 20 
conservative therapies, 15 radiologic or endoscopic interven
tions, and three reoperations. In CODG group, the type of 
treatments for 15 patients included 8 conservative therapies, 3 
radiologic or endoscopic interventions, and four reoperations 
(Table 2).

The rate of readmission, rate of reoperation after discharge, 
and hospital stay for readmission were not significantly 
different in the two groups. However, multiple readmission rate 
(>2 times) in LADG was significantly less than that in CODG 
(0.4% vs. 3.8%, P = 0.039) (Table 3).

Clinicopathologic features between LADG and CODG
The clinicopathological characteristics of the patients are 

presented in Table 4. There were no significant differences 
between the two groups with respect to age, gender, 
comorbidity disease, histologic type, tumor location, distal 
margin, T stage, and N stage. BMI and tumor size was higher 
and larger in CODG than LADG (P = 0.010 and P < 0.001). 
Billroth I reconstruction was performed more in LADG group (P 
< 0.001). Proximal margin was statistically significant between 
both groups (P = 0.003). The extent of lymph node dissection 
and number of retrieved lymph nodes were statistically 
different between the two groups (P < 0.001 and P = 0.031). 

Min-Chan Kim, et al: Long-term outcomes regarding readmission of LADG vs. CODG

Table 2. Type of treatment of readmission of 28 patients in 
LADG and 15 in CODG

Treatment LADG 
(n = 28)

CODG 
(n = 15)

Conservative treatments 20 9
Radiologic or endoscopic Intervention 5 2
Re-operation 3 4

LADG, laparoscopy-assisted distal gastrectomy; CODG, conven
tional open distal gastrectomy.

Table 3. The analysis of readmission

Variable LADG (n = 223) CODG (n = 106) P-value

Readmission rate 28 (12.6) 15 (14.2) 0.727
Multiple readmission rate (>2 times) 1 (0.4) 4 (3.8) 0.038
Rate of reoperation after discharge 3 (1.3) 4 (3.8) 0.309
Hospital stay of readmission (day) 9.9±9.6 (3–50) 13.1±14.1 (3–71) 0.328

Values are presented as number (%) or mean±standard deviation (range).
LADG, laparoscopy-assisted distal gastrectomy; CODG, conventional open distal gastrectomy.
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Postoperative outcomes 
Operation time was significantly longer in the LADG group 

than in the CODG group (219.7 ± 47.6 vs. 168.6 ± 39.8 minutes, 
respectively; P < 0.001). Postoperative hospitalization and 

first flatus times were statistically shorter in the LADG group 
(P < 0.001 and P < 0.001, respectively) than in the CODG 
group. There were 19 (17.9%) and 32 (14.3%) operation-related 
morbidities in the CODG and LADG groups, respectively. 

Table 4. Clinicopathological features between LADG and CODG

Clinicopathological feature LADG (n = 223) CODG (n = 106) P-value

Age (yr)a) 58.0 ± 11.8 60.0 ± 11.1 0.136
Gender 0.268
   Male 138 73
   Female 85 33
Body mass index (kg/m2) 23.1 ± 2.8 24.0 ± 2.7 0.010
Comorbidity 0.302
   Cardiovascular disease 33 19
   Diabetes 25 13
   Liver disease 7 0
   Genitourinary disease 2 0
   Pulmonary disease 9 4
   Others 9 15
Size of main lesion (mm) 2.3 ± 1.6 3.1 ± 1.8 <0.001
Histologic type 0.070
   Well differentiated 75 26
   Moderately differentiated 66 35
   Poorly differentiated 64 29
   Signet ring cell 16 10
   Mucinous 0 2
   Other 2 4
Tumor location 0.768
   Middle 43 22
   Lower 180 84
Reconstruction <0.001
   B-I 170 54
   B-II 51 52
   R-Y 2 0
Resection margin (cm)
   Proximal 5.1 ± 2.9 6.2 ± 3.0 0.003
   Distal 5.4 ± 2.8 6.0 ± 2.9 0.068
T stagea) 0.088
   T0 5 2
   T1a 143 55
   T1b 75 49
Extent of lymph node dissection <0.001
   ≥D2 57 54
   D1+β 166 52
N stagea) 0.139
   N0 205 92
   N1 15 8
   N2 2 5
   N3 1 1
Retrieved lymph node 33.1 ± 12.7 36.4 ± 13.5 0.031

Values are presented as mean ± standard deviation.
LADG, laparoscopy-assisted distal gastrectomy; CODG, conventional open distal gastrectomy.
a)Based on the American Joint Committee on Cancer 7th TNM classification.
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Duodenal stump leakage occurred in 1 case of the CODG group, 
which was corrected by surgical intervention. Other minor 
complications were treated by conservative care. There was no 
statistical difference between the two groups in terms of rate of 
complications (P = 0.376) and no mortality in either group (Table 5).

Follow-up results
The median follow-up period for the LADG group was 93.5 

months (range, 4.3–122.5 months) and for the CODG group 
was 97.7 months (range, 2.7–125.1 months) (P = 0.484) (Table 
5). Tumor recurrence was detected in 1 case (0.5%) in the 
LADG group and 2 cases (1.9%) in the CODG group during 
the follow-up periods. In the CODG group, the first patient 
was a 46-year-old male who was diagnosed with submucosal 
cancer with lymph node metastasis (T1bN2M0, 7th edition). 
The tumor recurrence was detected in the brain 2.7 months 

Min-Chan Kim, et al: Long-term outcomes regarding readmission of LADG vs. CODG

Table 5. Postoperative outcomes

Postoperative outcome LADG (n = 223) CODG (n = 106) P-value

Operative times (min) 219.7 ± 47.6 168.6 ± 39.8 <0.001
Hospital stay (day)
   With complication 7.2 ± 1.2 9.0 ± 3.8 <0.001
   Without complication 6.9 ± 0.8 8.2 ± 1.5 <0.001
First flatus time (day) 2.9 ± 0.7 3.5 ± 1.0 <0.001
Complication 32 (14.3) 19 (17.9) 0.376
   Major (reoperation)
      Duodenal stump leakage 0 1
   Minor 
      Wound problem 3 6
      Intra-abdominal abscess 3 2
      Intra-abdominal bleeding 4 1
      Intraluminal bleeding 3 1
      Intestinal obstruction 0 1
      Ileus 2 2
      Pancreatitis 2 0
      Pulmonary disease 7 3
      Hepatic disease 1 0
      Others 7 2
Follow-up duration (mo) 93.5 (4.3–122.5) 97.7 (2.7–125.1) 0.484

Values are presented as mean ± standard deviation, number (%) or median (range).
LADG, laparoscopy-assisted distal gastrectomy; CODG, conventional open distal gastrectomy.

Fig. 1. Comparison of 5-year survival rate (A) and disease free survival rate (B) between LADG and CODG. The 5-year survival 
rates were statistically different between both groups (100% vs. 99.1%, P = 0.038), respectively, while there was no statistical 
difference in 5-year disease free survival rates between both groups (99.5% vs. 99.1%, P = 0.195), respectively. LADG, 
laparoscopy-assisted distal gastrectomy; CODG, conventional open distal gastrectomy.
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after operation. He refused other management for recurrence. 
The second case was a 68-year-old male who was diagnosed 
with T1bN1M0. The recurrence was detected at the lung with 
multiple lymphadenopathies after 65.2 months. He underwent 
additional chemotherapy. In the LADG group, 1 case was a 
58-year-old male who underwent Billroth-II anastomosis for 
T1bN1M0. The recurrence was detected at the anastomosis site 
after 12.0 months, although his proximal and distal resection 
margins in the first subtotal gastrectomy were 10.0 and 3.5 cm, 
respectively. He underwent completion gastrectomy, which 
diagnosed submucosal invasion without lymph node meta
stasis.

Overall 5-year survival rates of the LADG and CODG groups 
were 100% and 99.1% (P = 0.038), respectively, while 5-year 
disease free survival rates were 99.5% and 99.1% (P = 0.195), 
respectively (Fig. 1). 

DISCUSSION

Readmission as an indicator of surgical quality and 
clinical outcome
Readmissions should be considered to be indicators of 

medical care that reflect secondary or late complications and 
the breach of initial care [19]. The rate of readmission of patients 
has been introduced in some countries as a marker of problems 
in patient management and outcomes [20,21]. However, there 
have been few reports on readmission after gastrectomy for 
gastric cancer [22]. We investigated the causes of readmission, 
rate of readmission, reoperation rate after discharge, length 
of hospital stay after readmission, and number of times for 
readmission per one patient associated with gastric cancer 
or surgery between both groups over five years. Readmission 
due to postoperative complications definitely has an effect on 
patients’ quality of life after gastrectomy. In the LADG group, 
the most common cause of readmission was anastomosis 
edema compared to the CODG group. We think that the 
anastomosis edema was associated with the size of the circular 
stapler (Proximate CDH 25 or 29; Ethicon Endo-Surgery Inc., 
Blue Ash, OH, USA). We applied a 25-mm-sized circular stapler 
at the Billroth-I anastomosis early on, because a 29-mm-sized 
circular stapler was not suitable for a small wound. On the other 
hand, we used a CDH 29 circular stapler during the Billroth-I 
anastomosis of CODG. However, only 1 of 8 anastomosis edema 
patients was managed by endoscopic balloon dilatation. The 
most common cause for readmission was postoperative ileus 
in the CODG group, as expected. The CODG group might be 
affected by a larger skin wound and more bowel manipulation 
during surgery than the LADG group.

In our results, 12 of 28 patients (42.9%) in LADG group and 7 
of 15 patients (46.7%) in CODG group were readmitted within 
1 month after discharge. These results suggested that surgeons 

should closely observe patients for gastrectomy of gastric cancer 
after discharge within at least 1 month.

Benefit of LADG regarding readmission compared to 
CODG
Readmission rate, reoperation rate after discharge, and mean 

hospital stay after readmission were not significantly different 
between the two groups. However, multiple readmission rate 
(>2 times) in LADG was significantly less than that in CODG 
(0.4% vs. 3.8%, P = 0.039). Causes of multiple readmissions 
were 2 ileus, 1 pancreatitis, and 1 diarrhea in the CODG group. 
One patient made multiple readmissions due to gastric outlet 
obstruction in the LADG group.

Long-term oncologic outcomes of LADG
Many reports have shown several advantages and better 

short-term outcomes of laparoscopic surgery when compared 
to open surgery, such as better cosmetic effect, improved 
quality of life, less intense pain, shortened hospital stay, early 
rehabilitation, and early return to social activity [9-12]. However, 
there have been relatively few reports on the long-term 
outcomes of laparoscopy-assisted distal gastrectomy for EGC 
regarding the long-term safety and feasibility [13-15]. Fujiwara 
et al. [13] reported the overall 5-year survival rate of 94 patients 
treated with laparoscopy-assisted surgery of EGC. Although 
patients with advanced gastric cancer were included, the overall 
5-year survival rate was 90.0%, and recurrence occurred in 4 of 
94 patients. Lee et al. [14] recently showed that there was no 
significant difference in survival rates between the two groups; 
the overall 5-year survival rates of the CODG and LADG groups 
were 94.9% and 95.9%, respectively. There was only 1 case of 
recurrence in each group. 

In the present study, the overall 5-year survival rates of 
LADG and CODG were 100% and 99.1%, respectively; there 
was statistically significant difference (P = 0.038). During the 
median follow-up periods of both groups, recurrence occurred 
in 2 patients of the CODG group and 1 patient of the LADG 
group. 

This study has several weak points. BMI, tumor size, 
reconstruction, proximal margin, extent of lymph node dissec
tion, and number of retrieved lymph nodes were statistically 
different between the two groups. However, those differences 
have no clinical significance, because all patients had EGC, 
although the patient’s selection bias might affect it. Another 
weak point includes the retrospective study and the potentiality 
that some patients were readmitted to another hospital. A 
multicenter nationwide cohort study is required to overcome 
those weak points.

In conclusion, compared to the CODG group, the LADG group 
has several advantages in surgical short-term outcome and some 
benefit in terms of readmission in surgical long-term outcome 
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for EGC patients, even though the oncologic outcome of LADG 
is similar to that of CODG over 5 years. Therefore, LADG can be 
a feasible and preferred procedure for the treatment of EGC in 
terms of surgical and oncologic long-term outcome.
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