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Abstract
Background Despite interest in surgeon and hospital volume effects on distal gastrectomy, clinical significance has not been 
confirmed in a large-scale population. We studied to clarify the effects of surgeon and hospital volume on postoperative 
mortality after distal gastrectomy for gastric cancer among Japanese patients in a nationwide web-based data entry system.
Methods We extracted data on distal gastrectomy for gastric cancer from the National Clinical Database between 2011 and 
2015. The primary outcome was operative mortality. Hospital volume was divided into 3 tertiles: low (1–22 cases per year), 
medium (23–51) and high (52–404). Surgeon volume was divided into the 5 groups: 0–3, 4–10, 11–20, 21–50, 51 + cases 
per year. We calculated the 95% confidence interval (CI) for the mortality rate based on odds ratios (ORs) estimated from a 
hierarchical logistic regression model.
Results We analyzed 145,523 patients at 2182 institutions. Operative mortality was 1.9% in low-, 1.0% in medium- and 
0.5% in high-volume hospitals. The operative mortality rate decreased definitively with surgeon volume, 1.6% in the 0–3 
group and 0.3% in the 51 + group. After risk adjustment for surgeon and hospital volume and patient characteristics, hospital 
volume was significantly associated with operative morality (medium: OR 0.64, 95% CI 0.56–0.73, P < 0.001; high: OR 
0.42, 95% CI 0.35–0.51, P < 0.001).
Conclusions We demonstrate that hospital volume can have a crucial impact on postoperative mortality after distal gas-
trectomy compared with surgeon volume in a nationwide population study. These findings suggest that centralization may 
improve outcomes after distal gastrectomy.
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Introduction

Gastric cancer is a common malignancy and is associated 
with a high mortality rate worldwide [1]. Notably, gastric 
cancer is the second leading cause of cancer-related death, 
with the highest mortality rates in East Asia, including 
Japan, Korea and China. Despite the recent progress in 
cancer treatment, the prognosis of patients with advanced 
gastric cancer remains poor. Gastrectomy with regional 
lymph node dissection is the most effective treatment for 
gastric cancer. However, postoperative complications can 
lead to adverse effects, not only on the overall survival, but 
also on the disease-free survival of patients with gastric 
cancer, treated with curative intent [2, 3]. In particular, 
inflammatory postoperative complications may have a sig-
nificant negative impact on the prognosis of patients with 
gastric cancer [4].

For advanced gastric cancer, gastrectomy with D2 
lymph node dissection is recommended worldwide [5–7]. 
However, the European Society for Medical Oncology 
(ESMO) guideline notes that, in Western countries, medi-
cally fit patients should undergo D2 lymph node dissection 
that is carried out in specialized, high-volume centers with 
appropriate surgical expertise and postoperative care [7], 
because hospitals performing larger numbers of esoph-
agogastric cancer resections had a lower 30-day mortality 
rate across Europe [8]. In general, postoperative complica-
tions are reported to be associated with hospital volume in 
several types of disease [9]. Recently, investigations of not 
only hospital volume, but also surgeon volume, have shed 
light on surgery for gastrointestinal cancer, emergency 
surgery and other surgeries [10–13]. With regard to gas-
tric cancer, Coupland et al. recently reported that increas-
ing hospital volume was associated with lower mortality, 
suggesting that further centralization of esophageal and 
gastric cancer surgical services was warranted in England 
[14]. Recently, investigation of the relationship between 
surgeon volume and mortality has received attention simi-
lar to that for hospital volume. Although some reports sug-
gested that the minimum surgeon volume for gastrectomy 
was approximately 10–15 gastrectomies per year [12, 15], 
further evaluation is required in a large-scale cohort.

In Japan, the National Clinical Database (NCD) was 
founded in 2010 as the parent body of the database system 
linked to the board certification system [16]. The NCD 
project, which commenced recordkeeping in January 2011, 
contains records of ≥ 95% of the surgeries performed by 
regular surgeons in Japan. Almost 5000 facilities have 
enrolled, and over 9,100,000 cases have been registered 
as of the end of December 2016. Risk stratification studies 
based on data from the NCD database have been reported 
for gastrectomy for Japanese patients with gastric cancer 

[17, 18]. These risk scoring systems use a risk calculator 
available on the NCD Web site (http://www.ncd.or.jp/) for 
physicians in clinical practice to inform patients and their 
families of the risk associated with gastrectomy [19].

In this study, to clarify the impact of surgeon and hospital 
volume on postoperative mortality for distal gastrectomy, 
we evaluated data from 145,523 Japanese patients with gas-
tric cancer enrolled in the nationwide web-based data entry 
system.

Methods

Data collection

From 2011, the NCD collected data on more than 9,100,000 
surgical cases from approximately 5000 hospitals. In the 
gastroenterological surgery section, the database registered 
all surgical cases that fell into this category; in addition, 
it required detailed input items for 8 procedures, including 
gastrectomy, that were determined to represent the perfor-
mance of surgery in each specialty. The NCD constructed 
software for an internet-based data collection system, and 
the data managers of the participating hospitals were respon-
sible for forwarding their data to the NCD office. The NCD 
ensures traceability of its data by maintaining continuity in 
the staff who approve the data, the staff of the departments 
in charge of annual cases, and the data-entry personnel. It 
also validates data consistency via random inspections of 
participating institutions.

In this study, we focused on the specific NCD section for 
gastrointestinal surgery. Briefly, potential independent vari-
ables included patient demographics, pre-existing comor-
bidities, preoperative laboratory values, and operative data.

Patients

A total of 145,523 patients who underwent distal gastrec-
tomy for gastric cancer at 2182 institutions between January 
1, 2011 and December 31, 2015, were eligible for analysis. 
Sixty-three records with missing data on patient age, sex, or 
outcome were excluded.

Endpoint

The primary outcome measure of this study was 30-day 
and operative mortalities. Operative mortality was defined 
as death during the index hospitalization, regardless of the 
length of hospital stay (≤ 90 days), as well as after hospital 
discharge within 30 days from the operation date.

http://www.ncd.or.jp/
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Hospital and surgeon volume

We divided hospital volume in the previous year into the 
following 3 tertiles: category low (1–22 cases per year), cat-
egory medium (23–51 cases) and category high (52–404). 
We defined surgeon volume as the number of gastrectomies 
performed by a patient’s surgeon in the previous year. Sur-
geon volume was divided into the following five groups: 
0–3, 4–10, 11–20, 21–50, 51 + cases per year.

Statistical methods

All statistical calculations were performed with STATA 15 
(STATA Corp., TX, USA). We compared median values 
with the Kruskal–Wallis test for operation time and esti-
mated blood loss, and chi-squared test for all other variables. 
All P values were two-sided, and we considered P < 0.05 as 
statistically significant. First, we analyzed the relationship 
between annual surgical volume (hospital volume or sur-
geon volume) and surgical mortality after gastrectomy with 
hierarchical logistic regression models accounting for clus-
tering of patients by surgeons and hospital levels. To adjust 
for patient-level risk factors, the following variables, which 
were used in the scoring system established by NCD data 
[18], were utilized: demographic factors, such as age cat-
egory and sex; preoperative functional status, such as need 
for total assistance with activities of daily living (ADL); his-
tory of cerebrovascular disease; weight loss more than 10%; 
uncontrolled ascites; ASA score class 3 or more; pre-existing 
comorbidities, such as the presence of respiratory distress, 
disseminated cancer, chronic corticosteroid use; operative 
factors, such as emergency surgery and laparoscopic gas-
trectomy; and preoperative laboratory data, such as white 
blood cell count more than 11,000/µL, anemia (hemoglobin: 
males, < 13.5 g/dL; females, < 12.5 g/dL; or hematocrit: 
males < 37%; females < 32%), serum albumin less than 3.8 g/
dL, alkaline phosphatase more than 340 IU/L, serum creati-
nine more than 1.2 mg/dL, serum Na less than 135 mEq/L, 
and prothrombin time-international normalized ratio more 
than 1.1, low platelet count (< 12 × 104/µL), aspartate ami-
notransferase more than 40 IU/L, increased level of total 
bilirubin (> 2 mg/dL), and activated partial thromboplastin 
time more than 40 s. In addition, to illustrate the relation-
ship between operative mortality and surgeon volume as a 
continuous variable, generalized estimating equation logistic 
regression models were utilized, in which a restricted cubic 
spline model was implemented (Fig. 2). All procedures were 
conducted in accordance with the ethical standards of the 
respective committees on human experimentation (Insti-
tutional and National) and with the Helsinki Declaration. 
An ethics committee that includes members of the Japanese 
Surgical Society ethics board, lawyers, patient representa-
tives and experts on information security that considered 

the ethical propriety of the entire initiative approved it and 
made the review process public on the Japan Surgical Soci-
ety website. The use of data from the registry for retrospec-
tive observational studies was approved by The Japanese 
Society of Gastroenterological Surgery committee and the 
institutional Review Board of Kumamoto University com-
mittee, and individual written or verbal informed consent 
was waived because of the retrospective design.

Results

We retrieved data on a total of 145,523 patients who under-
went distal gastrectomy for gastric cancer by 11,914 sur-
geons at 2182 institutions from January 2011 to December 
2015. Hospital volume ranged from 1 to 404 gastrectomies 
per year. Annual hospital volume was distributed among the 
tertiles as follows: category low (n = 49,161; 1–22 cases), 
medium (n = 46,729; 23–51 cases) and high (n = 47,633; 
52–404 cases). Patient demographic data and preoperative 
risk assessment according to hospital volume category are 
summarized in Table 1. Low-volume hospitals had signifi-
cantly older patients and poorer-risk patients with various 
comorbidities and organ dysfunctions. Table 1 shows the 
surgical outcomes according to hospital volume category. 
More laparoscopic gastrectomies were performed in the 
high-volume hospitals (P < 0.001). Significantly shorter 
operation time and less estimated blood loss were observed 
in the high-volume hospitals (P < 0.001). Operative mor-
tality was 1.9% in low-volume hospitals, 1.0% in medium 
and 0.5% in high. A significant reduction in mortality rate 
was observed according to hospital volume (P < 0.001). 
Regarding surgical complications, anastomotic leakage was 
more frequently observed in low-volume hospitals, but the 
incidence of pancreatic fistula was higher in high-volume 
hospitals (P < 0.001). The rate of all nonsurgical compli-
cations including pneumonia, the reoperation rate and the 
rate of septic shock were significantly higher in low-volume 
hospitals (P < 0.001).

Patient demographic data and preoperative risk assess-
ment according to surgeon volume are summarized in 
Table 2. Low-volume surgeons had operated on significantly 
older patients and poorer-risk patients with various comor-
bidities and organ dysfunctions, similar to the situation with 
low-volume hospitals. Table 2 shows the surgical outcomes 
according to surgeon volume category. More laparoscopic 
gastrectomies were performed by the high-volume surgeons 
(P < 0.001). Significantly shorter operation time and less 
estimated blood loss were observed among the high-volume 
surgeons (P < 0.001). The operative mortality rate decreased 
definitively with surgeon volume, 1.6% in the 0–3 group and 
0.3% in the 51 + group. Regarding surgical complications, 
anastomotic leakage was more frequently observed among 
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low-volume surgeons, but the incidence of pancreatic fistula 
was higher among high-volume surgeons (P < 0.001). The 
rate of all nonsurgical complications including pneumonia, 
the reoperation rate and the rate of septic shock were sig-
nificantly higher among low-volume surgeons (P < 0.001).

Figure 1 summarizes the 95% CIs for overall mortality 
after distal gastrectomy from the hierarchical logistic regres-
sion models. The lowest volume surgeons (− 3 cases/year) 
were significantly associated with higher mortality (Fig. 1a 
OR, 1.32, 95% CI, 1.09–1.61, P < 0.001), and higher-volume 
hospitals were significantly associated with a decreased risk 
of mortality in a dose-dependent manner (Fig. 1b category 
2: OR 0.63, 95% CI 0.55–0.72; P < 0.001, category 3: OR, 
0.41, 95% CI 0.34–0.49, P < 0.001). After risk adjustment 
for surgeon and hospital volume, hospital volume was 
significantly associated with operative morality, whereas 
surgeon volume was not (Fig. 1c, d category 2: OR 0.64, 
95% CI 0.56–0.73, P < 0.001; category 3: OR 0.42, 95% CI 
0.35–0.51, P < 0.001).

Furthermore, the OR for operative mortality gradually 
decreased in a surgeon volume-dependent manner after risk 
adjustment for patient-level factors such as demographic 
factors, preoperative functional status, pre-existing comor-
bidities, operative factors and preoperative laboratory data 
(Fig. 2a) and adding hospital volume (Fig. 2b).

Discussion

In this nationwide study, we found that both hospital and 
surgeon volume were associated with postoperative mortal-
ity after gastrectomy among 145,523 Japanese patients with 
gastric cancer. In particular, hospital volume had a strong 
influence on mortality, which is comparable to previously 
reported findings [8, 14, 20, 21]. However, to the best of 
our knowledge, this is the largest study to show a correlation 
between hospital and surgeon volume and mortality after 
gastric cancer surgery. The annual surgeon volume can be 
a proxy for medical care quality [22], however, we need to 
pay considerable attention to this evaluation, because annual 
surgeon volume alone may not cover the underlying issues 
completely, such as hospital volume, specialization, and 
mentorship opportunities [13, 23].

Several previous studies have demonstrated an influ-
ence of surgeon volume on postoperative outcomes among 
patients undergoing elective and emergent surgery [13, 24]. 
With regard to gastric cancer surgery, patients treated by 
high-volume and experienced surgeons have definitively 
better short- and long-term outcomes [25, 26]. Our data 
shows that both hospital and surgeon volume were associ-
ated with morbidity and mortality after gastrectomy. How-
ever, after risk adjustment, higher-volume hospitals were 
significantly associated with a decreased risk of mortality Ta
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in a dose-dependent manner. This finding suggested that 
hospital volume can have a crucial impact on postoperative 
mortality compared with surgeon volume. There are several 
potential benefits for short-term outcomes that result from a 
high hospital volume. First, the surgeon can provide refer-
rals to various experts before and after surgery for elderly 
patients or patients with comorbidities. Second, high-volume 
hospitals generally have a sufficient cooperative structure 

for diagnostic and interventional procedures. Third, surgeon 
volume will increase in high-volume centers under supervi-
sion by experts for gastrectomy, leading to lower mortality 
compared with surgeons with smaller caseloads. Therefore, 
centralizing gastrectomy for gastric cancer naturally occurs.

Recently several studies have shown that centralization 
of gastric cancer surgery is associated with morbidity and 
mortality rates. In Denmark, Jensen et al. reported that 

Fig. 1  Forest plot for overall mortality calculated by hierarchical 
logistic regression models. a Surgeon volume adjusted by risk model 
variables, b hospital volume adjusted by risk model variables, c, d 
surgeon and hospital volume adjusted by risk model variables includ-

ing hospital volume. Demographic factors, preoperative functional 
status, pre-existing comorbidities, operative factors and preoperative 
laboratory data was utilized to adjust for patient-level risk factors
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centralization of gastric cancer surgery with implemen-
tation of national clinical guideline was associated with 
development in the quality of surgery and lower in-hos-
pital mortality. The 30-days hospital mortality was 2.4% 
after centralization (2003–2008) compared to 8.2% before 
centralization (1999–2003) [27]. Nelen et al. reported that 
centralizing gastrectomy improved the number of har-
vested lymph nodes and successfully introduced laparo-
scopic gastrectomy [28]. The laparoscopic approach is a 
complex procedure compared with open surgery, requir-
ing a specialized surgeon and unit. Recent study based on 
NCD data in Japan showed the incidence of pancreatic 
fistula was significantly higher in laparoscopic distal gas-
trectomy compared to open distal gastrectomy [29, 30]. 
In the current study, the incidence of pancreatic fistula 
was higher in high-volume hospitals partly because lapa-
roscopic gastrectomy were performed in the high-volume 
hospitals. On the hand, Lee et al. demonstrated that hos-
pital volume did not directly affect postoperative morbid-
ity and mortality achieved by well-trained beginners of 
laparoscopic gastrectomy [31]. This finding suggests that 
surgeon volume is the most crucial factor affecting post-
operative outcomes in laparoscopic gastrectomy. Further-
more, it is possible that the patient characteristics depend 
on each surgeon and hospital. Busweiler et al. reported 
that elderly patients might benefit specifically from cen-
tralization [32]. In our study, low-volume hospitals had 
significantly older patients and poorer-risk patients with 
various comorbidities and organ dysfunctions, leading 
to worse outcomes in low-volume hospital. Although we 
adjusted for both patient-level and operative factors in this 

study, a nationwide population-based study is required to 
confirm the impact of centralizing gastric cancer surgery 
on morbidity and mortality.

Our study has some limitations. First, we should consider 
whether the criteria of surgeon and hospital volume in this 
study is appropriate. The surgeon volume has been arbitrar-
ily defined according to the data distribution in previous 
studies. To clarify the criteria of the surgeon volume, we 
analyzed OR of mortality as shown in Fig. 2, suggesting 
that the OR of mortality according to surgeon caseload per 
year reaches the plateau in about 50 cases per year. Also, 
hospital volume is divided into tertile; low (1–22), medium 
(23–51) and high (52–404). However, it is possible that this 
threshold calculated by Japanese population can hardly be 
expected to apply to clinical practice in Eastern, still less in 
Western countries. Although this study showed that hospital 
and surgeon volume are associated with lower postopera-
tive mortality, we should consider the differences of epi-
demiology, biology and treatment strategy of each country 
when we determine the concrete threshold of surgeon and 
hospital volume. Second, our study is limited in that long-
term outcomes, such as recurrence-free survival and overall 
survival, were not evaluated. Most recent report from Neth-
erland demonstrated that centralization of gastric cancer sur-
gery was associated with improved both short and long-term 
outcome [33]. Interestingly, this report showed that survival 
improved not only for patients who underwent gastrectomy 
but also for all patients, irrespective of treatment. It is pos-
sible explanation that treating a greater number of patients 
with gastric cancer in a hospital can lead to improvements 
throughout treatment management such as preoperative 

Fig. 2  Odds ratio of mortality after gastrectomy according to surgeon 
caseload per year calculated by generalized estimating equation logis-
tic regression models with a restricted cubic spline model a adjusted 
by risk model variables and b adjusted by risk model variables 
including hospital volume. Solid lines: observed odds ratio; dashed 

lined: 95% confidence interval from the logistic regression model. 
Demographic factors, preoperative functional status, pre-existing 
comorbidities, operative factors and preoperative laboratory data was 
utilized to adjust for patient-level risk factors
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diagnosis, perioperative management and chemotherapy in 
addition to surgical skill. Therefore, further analysis of the 
impact of surgeon and hospital volume on long-term out-
comes after gastrectomy is required in the East, including 
Japan. Despite these limitations, it is possible that our results 
have implications for improving healthcare delivery.

Conclusions

Evaluating hospital volume had a strong impact on post-
operative mortality after distal gastrectomy for Japanese 
patients with gastric cancer in a nationwide web-based data 
entry system, NCD. Further prospective analysis is required 
to demonstrate that the centralizing gastric cancer surgery 
can improve morbidity, mortality and the overall survival of 
patients with gastric cancer.
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