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Abstract
AIM: To evaluate the impact of surgical volume on na-
tionwide hospital mortality after pancreaticoduodenec-
tomy (PD) for periampullary tumors in South Korea.

METHODS: Periampullary cancer patients who un-
derwent PD between 2005 and 2008 were analyzed 
from the database of the Health Insurance Review 
and Assessment Service of South Korea. A total of 126 
hospitals were divided into 5 categories, each similar 
in terms of surgical volume for each category. We used 
hospital mortality as a quality indicator, which was de-
fined as death during the hospital stay for PD, and cal-
culated adjusted mortality through multivariate logistic 
models using several confounder variables.

RESULTS: A total of eligible 4975 patients were en-
rolled in this study. Average annual surgical volume of 
hospitals was markedly varied, ranging from 215 PDs in 
the very-high-volume hospital to < 10 PDs in the very-
low-volume hospitals. Admission route, type of medical 

security, and type of operation were significantly dif-
ferent by surgical volume. The overall hospital mortal-
ity was 2.1% and the observed hospital mortality by 
surgical volume showed statistical difference. Surgical 
volume, age, and type of operation were independent 
risk factors for hospital death, and adjusted hospital 
mortality showed a similar difference between hospi-
tals with observed mortality. The result of the Hosmer-
Lemeshow test was 5.76 (P  = 0.674), indicating an 
acceptable appropriateness of our regression model.

CONCLUSION: The higher-volume hospitals showed 
lower hospital mortality than the lower-volume hos-
pitals after PD in South Korea, which were clarified 
through the nationwide database. 
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INTRODUCTION
Nowadays pancreaticoduodenectomy (PD) is considered 
a common and feasibly-performed abdominal surgery 
for periampullary tumors, but it is still a high-risk surgical 
procedure with potential morbidity and mortality rates. 
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Reducing the morbidity and mortality of  this formidable 
operation is therefore imperative. Although several ac-
ceptable results after PD in low-volume hospitals have 
been reported[1-4], most studies on volume-outcome cor-
relation in performing PD have purported better out-
comes in high-volume hospitals, suggesting centralization 
or regionalization of  PD[5-13].

Centralization of  PD can be affected by the national 
healthcare system, information on hospital quality, or pa-
tient hospital preference. The Korean healthcare system is 
based on compulsory insurance of  the whole population 
and free selection of  medical care and hospital under step-
wise referral to tertiary hospital without regional restric-
tion. Although we have no governmental guidelines for 
distribution of  cancer treatment service or information 
on hospital quality officially provided by the government, 
PD tends to be centralized in the large and well-equipped 
hospitals in Seoul, the capital city of  South Korea.

Analyzing the present state of  centralization of  PD 
and providing information on hospital quality can help 
facilitate the government to develop nationwide guide-
lines and help patients to select good-quality hospitals 
for themselves. Hospital quality can be representatively 
appraised through PD-related morbidity or mortality. 
However, perioperative morbidity may vary from institu-
tion to institution according to the criteria or definitions 
of  particular complications, making it difficult to obtain 
reliable nationwide morbidity data. Therefore, more de-
finitive and objective data, such as standardized or risk-
adjusted mortality rates, are requisite as an indicator for 
hospital quality.

With the implication toward public reporting, we per-
formed this study to evaluate the impact of  surgical vol-
ume on nationwide hospital mortality after PD for peri-
ampullary tumors and to validate the utility of  surgical 
volume as a quality indicator of  hospitals in South Korea. 
To date, just a few nationwide studies have been carried 
out to assess the effect of  surgical volume on outcomes 
after PD. We hope the present study can contribute to 
nationwide evidence for the volume-outcome correlation 
in performing PD.

MATERIALS AND METHODS
Data sources and subjects
Data were obtained from the Health Insurance Review 
and Assessment Service (HIRA), whose database was 
constructed through the process of  medical fee claims. 
After providing medical treatment, the medical institu-
tions submit treatment details and file medical fee claims 
through an electronic billing system in the form of  dis-
kettes, compact discs or electronic data interchange (EDI). 
The EDI system, which was developed to review medi-
cal fees electronically by converting claim information 
into an EDI file and automatically reviewing items such 
as medical and drug fees within the software, occupies 
99.7% of  all medical claims in South Korea. Each claim 
contains information on demographic data, diagnoses, 

procedures, comorbidity, route of  admission, length of  
stay, discharge status, source of  payment, hospital charg-
es, etc. Diagnostic data were coded using the International 
Classification of  Diseases, 10th Revision (ICD-10), and 
procedural data were coded using the health insurance 
claims code developed by the Ministry of  Health and 
Welfare. From the HIRA database, we obtained anony-
mous data on patients who underwent PD for periam-
pullary cancers during the period from January 2005 to 
December 2008. Only the primary cancers were included, 
and cancers originating at the adjacent organs such as the 
colon, stomach, or gallbladder were excluded. Benign dis-
eases, including trauma, were also excluded. Additionally, 
patients with other combined operations which could af-
fect the surgical outcomes such as hepatectomy, gastrec-
tomy, or colectomy were not analyzed.

Categorization of hospitals
A total of  126 hospitals performed at least one PD from 
2005 to 2008 in South Korea. Four-year surgical volume 
of  each hospital showed a large gap, ranging from 1 to 
861. Therefore, we divided the hospitals into quintiles; 
very-low, low, medium, high, and very-high categories. For 
this fractionation, the hospitals were sorted in descending 
order by total surgical volume, and cut-off  points were 
decided to categorize hospitals into five similarly-sized 
groups. 

Assessment of outcome
For clarification of  volume-outcome correlation of  PD, 
we adopted hospital mortality as an outcome indicator, 
which was defined as death during the hospital stay for 
PD. Hospital mortality had to be calculated in the form 
of  adjusted mortality, because the hospital and patient 
characteristics of  each category were different. For this 
adjustment of  hospital mortality, we selected several risk 
factors for death from the HIRA database and the litera-
ture; age, sex, admission route as a surrogate for patient’s 
general condition [outpatient department vs emergency 
room (ER)], Charlson comorbidity score[14] as an index 
for current comorbid status (≥ 3 vs < 3), type of  medical 
security as a surrogate for socioeconomic status (medical 
aid for the destitute vs health insurance for the others), 
and operation type [classical pancreaticoduodenectomy 
(CPD) vs pylorus-preserving pancreaticoduodenectomy 
(PPPD)]. However, we were unable to obtain more de-
tailed information on preoperative treatment, tumor node 
metastasis stage, PD-specific complications, or radicality 
of  PD from the HIRA database, which was a major limi-
tation of  the nationwide data. Observed mortality was 
first obtained according to surgical volume and patient 
characteristics. Risk-adjusted mortality was then calculat-
ed through: (observed hospital deaths/predicted hospital 
deaths) × overall mortality rate. The predicted mortality 
of  each category could be produced by summing the 
probability of  death of  each patient in that category, and 
the probability of  death was determined by adjustment 
with significant confounder variables validated through 
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multivariate logistic regression.

Statistical analysis
Statistical analysis was carried out using the SAS statisti-
cal package version 9.1 (SAS System for Windows, SAS 
Institute, Cary, NC, United States). Descriptive statistics 
were used to obtain patient characteristics and hospital 
mortality in each surgical volume category. Continuous 
variables were compared with Student’s t test for two 
groups and with analysis of  variance for multiple groups. 
Categorical variables were assessed with χ 2 tests. Multi-
variate logistic regression was used to assess the correla-
tion between surgical volume and hospital mortality, with 
risk-adjusted mortality as the dependent variable and 
surgical volume and other risk factors for death as covari-
ates. The result of  the Hosmer-Lemeshow test was 5.76 
(P = 0.674), indicating an acceptable appropriateness of  
our regression model. Statistical significance was set at P 
values < 0.05.

RESULTS
Hospital and patient characteristics by surgical volume
Of  the patients who underwent PD for periampullary 
cancers during the period from 2005 to 2008 in South 
Korea, a total of  4975 patients were eligible for the inclu-
sion criteria and enrolled in this study. Pancreatic cancer 
(1800, 36.2%) occupied the most common indication for 
PD and was followed by common bile duct cancer (1433, 
28.8%), ampulla of  Vater cancer (1280, 25.7%), duodenal 
cancer (238, 4.8%), and other periampullary cancers (227, 
4.5%). 

PD patients of  each category were arranged to be 
similar in number; 1021 (20.5%) in the very-low-volume 
hospitals, 1005 (20.2%) in the low-volume hospitals, 1020 
(20.5%) in the medium-volume hospitals, 1068 (21.5%) 
in the high-volume hospitals and 861 (17.3%) in the very-
high-volume hospitals. Only one hospital corresponded 

to the very-high-volume hospital, whereas as many as 92 
(73.0%) hospitals belonged to the very-low-volume hos-
pitals. Average annual surgical volume of  the total 126 
participating hospitals was markedly varied; 215 PDs in 
the very-high-volume hospital and fewer than 10 PDs in 
the very-low-volume hospitals (Table 1). Even worse, 33 
of  the very-low-volume hospitals performed less than 1 
PD per year.

The mean age of  the PD patients was 61.5 years and 
there were 1.5 times more males than females. Admission 
via ER was significantly more frequent and the percentage 
of  payment by medical aid was significantly lower in the 
higher-volume hospitals (both P < 0.001). However, the 
Charlson comorbidity score didn’t show any association 
with the surgical volume category. PPPD was performed 
in 59.6% (2964/4975) and this proportion increased with 
an increase in surgical volume, ranging from 40.8% in the 
very-low-volume hospitals to 69.6% in the high-volume 
hospitals (P < 0.001, Table 1). 

Observed hospital mortality
The overall hospital mortality rate after PD was 2.1% 
during the study period. The observed hospital mortality 
rates were higher in lower-volume hospitals, the medical 
aid group, and CPD patients (P < 0.001, P = 0.015, P < 
0.001, respectively). The mean age of  both the mortality 
and survival group was also significantly different (66.0 vs 
61.4, P < 0.001). Other risk factors didn’t affect hospital 
mortality (Table 2). 

Adjusted hospital mortality
All the risk factors with P < 0.25 in univariate logistic 
regression were included for multivariate analysis. These 
were: age, sex, type of  medical security and operation 
type. Table 3 shows the results of  multivariate logistic re-
gression. Hospital mortality had a significant correlation 
with surgical volume (P < 0.001). Although there was 
no statistical difference in hospital mortality between the 
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Table 1  Patient and hospital characteristics by surgical volume

Characteristics Very-low (n  = 92) Low (n  = 20) Medium (n  = 10) High (n  = 3) Very-high (n  = 1) P  value

Age (mean ± SD) (yr) 62.2 ± 10.7 62.1 ± 10.2 62.1 ± 10.5 61.2 ± 9.9 59.9 ± 10.3     0.077
Sex ratio (M:F) 1.5 1.3 1.5 1.6 1.6     0.282
Admission route < 0.001
   Outpatient department (%)  803 (78.6)  774 (77.0)  788 (77.3)   901 (84.4)  593 (68.9)
   Emergency room (%)  218 (21.4)  231 (23.0)  232 (22.7)   167 (15.6)  268 (31.1)
Charlson comorbidity score     0.193
   < 3 (%)  683 (66.9)  651 (64.8)  680 (66.7)   667 (62.5)  554 (64.3)
   ≥ 3 (%)  338 (33.1)  354 (35.2)  340 (33.3)   401 (37.5)  307 (35.7)
Type of medical security < 0.001
   Health insurance (%)  919 (90.0)  925 (92.0)  955 (93.6)  1048 (98.1)  841 (97.7)
   Medical aid (%)  102 (10.0)  80 (8.0)  65 (6.4)    20 (1.9)  20 (2.3)
Type of operation < 0.001
   CPD (%)  604 (59.2)  420 (41.8)  361 (35.4)    325 (30.4)  301 (35.0)
   PPPD (%)  417 (40.8)  585 (58.2)  659 (64.6)    743 (69.6)  560 (65.0)
Average annual volume < 10 10-18 19-35 54-111 215 9.91

1Denotes average annual surgical volume of all hospitals. SD: Standard deviation; M: Male; F: Female; CPD: Classical pancreaticoduodenectomy; PPPD: 
Pylorus-preserving pancreaticoduodenectomy. 
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tion of  surgical volume and hospital mortality. Nation-
wide data has the power to yield reliable and objective 
results by itself, mainly due to a large number of  subjects 
and the least influence of  selection bias. Of  the nation-
wide reports, however, there have been just a few studies 
on only PD[5,8,10,11,13,15,16], whereas the majority included 
all types of  pancreatic resections, including PD[17-21]. It is 
known that PD is different from left-sided pancreatec-
tomy, at least in postoperative morbidity and mortality. 
Nationwide hospital mortality results on PD would be 
reliable evidence and a base to support governmental or 
administrative guidelines for the establishment of  policy 
on medical service, to select high-quality hospitals for 
patients, and to compare quality of  care providers within 
and beyond South Korea.

The inverse relationship between surgical volume 
and hospital mortality in performing PD has been clari-
fied in South Korea through this study. The risk-adjusted 
hospital mortality rates of  the high-volume and very-
high-volume hospitals were very low (0.5% and 0.7%) 
compared to those of  the very-low-volume, low-volume 
and medium-volume hospitals (3.9%, 2.4% and 2.5%, re-
spectively). This difference in the adjusted hospital mor-
tality rates was found to be similar to that in the observed 
hospital mortality rates (0.5% and 0.6% vs 4.5%, 2.5% 
and 2.5%). In other words, the ORs for hospital mortal-
ity in the low-volume and medium-volume hospitals vs 
the very-low-volume hospitals were around 0.6 (a 40% 
decrease in the probability of  hospital mortality), whereas 
the ORs in the high-volume and very-high-volume hospi-
tals vs the very-low-volume hospitals were as low as 0.13 
and 0.16 (a decrease of  more than 80%).

The overall hospital mortality rate after PD in South 
Korea between 2005 and 2008 was 2.1%. This value 
was much lower than mortality rates from other state-
wide[12,22,23] or nationwide[5,8,10,11,13,15] databases, but a 
slightly higher than those from high-volume single insti-

very-low-volume and medium-volume hospitals, or just a 
small statistical difference between the very-low-volume 
and low-volume hospitals, adjusted odds ratios (ORs) for 
hospital death of  the high-volume and very-high-volume 
hospitals were significant lower than those of  the very-
low-volume hospitals (both P < 0.001). Age and opera-
tion type were the only significant confounder variables 
(P < 0.001 and P = 0.025, respectively) and were used 
for adjustment to produce the predicted mortality. Risk-
adjusted hospital mortality rates according to surgical vol-
ume are depicted in Figure 1, ranging from 0.5% to 3.9%.

DISCUSSION
We used the nationwide database to validate the associa-

Table 2  Observed hospital mortality by patient characteristics

Characteristics No. of patients Mortality (%) P  value

Age < 0.001
   Live (%)  4869 (97.9)   61.4 (10.4)1

   Dead (%)     106 (2.1%) 66.0 (8.6)1

Sex     0.193
   Male (%) 2 989 (60.1) 1.9
   Female (%) 1 986 (39.9) 2.5
Admission route     0.291
   Outpatient department (%) 3 859 (77.6) 2.3
   Emergency room (%) 1 116 (22.4) 1.7
Charlson comorbidity score     0.291
   < 3 (%) 3 235 (65.0) 2.0
   ≥ 3 (%) 1 740 (35.0) 2.4
Type of medical security     0.015
   Health insurance (%) 4 688 (94.2) 2.0
   Medical aid (%)  287 (5.8) 4.9
Operation type < 0.001
   CPD (%) 2 011 (40.4) 3.0
   PPPD (%) 2 964 (59.6) 1.5

1Indicates average age (standard deviation) of survival group and mortal-
ity group. No: Number; CPD: Classical pancreaticoduodenectomy; PPPD: 
Pylorus-preserving pancreaticoduodenectomy. 

Table 3  Logistic regression for hospital mortality

Characteristics Odds ratio (95% CI) P  value

Surgical volume
   Very-low 1.00
   Low 0.59 (0.36-0.98)     0.042
   Medium 0.61 (0.37-1.01)     0.056
   High 0.13 (0.05-0.32) < 0.001
   Very-high 0.16 (0.06-0.41) < 0.001
Age1 1.04 (1.02-1.06) < 0.001
Sex     0.329
   Male 1.00
   Female 1.22 (0.82-1.80)
Type of medical security     0.120
   Health insurance 1.00
   Medical aid 1.60 (0.89-2.88)
Operation type     0.025
   CPD 1.00
   PPPD 0.64 (0.43-0.96)

1Per year increase in age. CI: Confidence Interval; CPD: Classical 
pancreaticoduodenectomy; PPPD: Pylorus-preserving pancreaticoduoden
ectomy. 
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tutions[7,24-27]. Hospital mortality after PD is affected by 
many independent variables. Significant risk factors for 
hospital mortality, other than surgical volume as men-
tioned above, were age and operation type in this study. 
Type of  medical security showed statistical significance in 
univariate analysis but not in multivariate analysis. Signifi-
cant confounder variables for hospital mortality in PD 
were similar within the literature. Age, gender, body mass 
index, and urgent admission were advocated in other 
studies[8,11,28].

Regionalization and centralization in severe medical 
illnesses and high-risk surgical procedures are worldwide 
trends which may occur naturally by patients’ free selec-
tion, or intentionally by governmental policy across the 
world. About 40% of  PDs were undertaken in the high-
volume and very-high-volume hospitals, or the big 4 
hospitals in South Korea. Again, more than 50% of  PDs 
were performed only in 14 (11.1%) out of  126 hospitals. 
With these data, South Korea can be said to show a typical 
example of  centralization for PD. Despite trends toward 
regionalization of  care[5,9,12,13,29], not a few PDs were safely 
performed in community hospitals by surgeons with vary-
ing degrees of  experience[28], as evidenced by a compara-
bly low mortality rate and a high one-year survival rate[1-4]. 
About 20% of  patients still received PD in as many as 92 
very-low-volume hospitals (73.0%) performing fewer than 
10 PDs per year in South Korea. There could be several 
community hospitals with comparably low mortality rates, 
because the overall mortality rate of  the very-low-volume 
hospitals in South Korea was not so high. 

Hospital quality can be assessed with diverse outcome 
indicators. These are divided into short-term and long-
term outcomes, with short-term outcomes including mor-
tality, morbidity, hospital cost, and postoperative hospital 
stay. Survival outcome represents the long-term outcome. 
Considering that PD is a very complicated surgical pro-
cedure, postoperative morbidity results are very useful in 
comparing short-term outcomes between hospitals. How-
ever, our nationwide study didn’t include morbidity results 
due to difficulty in data collection through the medical 
fee claims system of  the HIRA. Additional drawbacks 
of  this study were as follows; no long-term outcome, 
total hospital stay not postoperative hospital stay, no 
pathology-related data, or no surgeon volume. Of  these 
drawbacks, surgeon volume is worthy of  note. Surgeon 
volume[19,22,28,30-32] or experience[30], could be a more exact 
and detailed indicator of  hospital outcome after PD than 
total hospital surgical volume. The HIRA database does 
not yet have the surgeon identifier which was used in the 
study by Eppsteiner et al[33]; therefore we couldn’t analyze 
the correlation of  surgeon volume and hospital outcome. 
In one study[30], an experienced surgeon was defined as 
one performing 50 or more PDs, and experienced sur-
geons had comparable outcomes irrespective of  annual 
volume. Learning curves also projected that less experi-
enced surgeons would achieve morbidity and mortality 
rates equivalent to those of  experienced surgeons when 
they reached 20 and 60 PDs, respectively. In other studies, 

a high-volume surgeon was defined as having an aver-
age of  10 or more PDs per year[28], or 5 or more PDs per 
year[33]. Like stratification of  hospitals by surgical volume, 
defining experienced or high-volume surgeons is difficult 
and varies according to the medical situation or surgeon 
training system of  each country.

Quality indicators other than surgical volume have 
been introduced. Some researchers focused on the im-
portance of  surgery residency training programs, report-
ing a greater impact on outcomes after PD than hospital 
volume or surgeon frequency[34]. Similarly, Joseph et al[35] 

put emphasis on hospital clinical resources, such as the 
Leapfrog Safe Practice Score, HealthGrades 5-star rating, 
or interventional radiology services, as well as surgical 
volume for lower operative mortality after PD. A patho-
logic indicator was also proposed by reporting that pa-
tients undergoing PD at low-volume centers were more 
likely to have margin-positive resections[36].

Categorization of  hospitals was carried out by two 
methods in the previous reports; by cut-off  points of  
hospital similar in size in each category like our study and 
by cut-off  points of  surgical volume that were arbitrarily 
determined. These cutoff  points of  surgical volume 
were varying according to the medical situation and total 
surgical volume of  states or countries. For example, Birk-
meyer et al[10] defined > 5/year for high-volume hospitals 
in United States between 1992 and 1995, and Topal et al[5] 
did > 10/year for high-volume and > 20/year for very-
high-volume hospitals in Belgium between 2000 and 
2004, while Balzano et al[11] used a cut-off  point of  14-51/
year for high-volume hospitals and 89-104/year for very-
high-volume hospitals in Italy in 2003. For this stratifi-
cation of  hospitals by surgical volume, the size of  each 
category was uneven according to the cut-off  points. In 
our study, the high-volume hospitals corresponded to 
54-111/year and the very-high-volume hospital did 215/
year between 2005 and 2008, as a result of  dividing hos-
pitals into 5 similar-sized categories. In addition, quintile 
division[5,17] was rarely used in the previous studies, with 
the majority being performed in three or four stratifica-
tions. Accordingly it is not easy to reach an international 
consent on established stratification of  hospitals by surgi-
cal volume.

In conclusion, the nationwide database clarified the 
impact of  surgical volume on hospital mortality after PD 
in South Korea. The higher-volume hospitals had a better 
mortality outcome than the lower-volume hospitals. PD 
performance showed centralization in South Korea and 
the overall hospital mortality rate was comparable among 
countries. Further nationwide studies with surgeon vol-
ume, morbidity data, and long-term survival results after 
PD are warranted for more detailed information, and for 
a domestic and international comparison.
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duodenal ampulla, is one of the high-risk surgical procedures which tend to be 
centralized in high-volume hospitals across the world. Previous studies have 
reported that high-volume hospitals show better surgical outcomes than low-
volume hospitals. Up to now, however, there have been no reports on surgical 
outcomes after PD, or whether surgical volume is a good quality indicator of 
care providers in South Korea.
Research frontiers
The correlation of surgical volume and hospital outcome after PD is well known 
between individual institutions or in a limited area. For research into clarifying 
this relationship, comprehensive results from nationwide databases are impor-
tant for patients and government, as well as medical personnel.
Innovations and breakthroughs
Although there have been many studies on the relationship between surgi-
cal volume and hospital outcome after all types of pancreatic surgery from 
nationwide databases or after only PD from databases of institutions or states, 
nationwide results on only PD, which is still an operation with high morbidity 
and mortality rates, are very rare. Moreover, this is the first study of its type per-
formed in South Korea and having a recent study period of four years.
Applications
With the information on the relationship between surgical volume and nation-
wide hospital mortality after PD in South Korea, reference guidelines for estab-
lishing medical policy and selecting good-quality hospitals could be supported.
Peer review
This is a frontier study on the relationship between surgical volume and hospital 
outcome after one type of major surgery in South Korea. This is a well-analyzed 
and clear manuscript that describes the impact of hospital volume on mortality 
following pancreaticoduodenectomy.
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