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INTRODUCTION
Pancreaticoduodenectomy (PD) is a complex surgery asso

ciated with high morbidity, mortality, and cost. Owing to its 
complexity, the tendency for this surgery to be centralized to 
highvolume hospitals has increased despite the high cost. In 
terms of hospital costs, public hospitals play an important role 

in the public health and welfare system in providing patients 
with highcost procedures at a subsidized price. However, 
the functions and roles of these hospitals within the medical 
system have been underestimated. The purpose of this study 
was to assess the feasibility of performing PD in a midvolume 
municipal hospital with regard to clinical outcomes and medical 
expense based on 13 years of experience.

Purpose: Pancreaticoduodenectomy (PD) is a complex surgery associated with high morbidity, mortality, and cost. Muni-
cipal hospitals have their important role in the public health and welfare system. The purpose of this study was to identify 
the feasibility as well as the cost-effectiveness of performing PD in a mid-volume municipal hospital based on 13 years of 
experience with PD. 
Methods: From March 2003 to November 2015, 183 patients underwent PD at Seoul Metropolitan Government - Seoul 
National University Boramae Medical Center.. Retrospectively collected data were analyzed, with a particular focus on 
complications. Hospital costs were analyzed and compared with a national database, with patients divided into 2 groups on 
the basis of medical insurance status. 
Results: The percentage of medical aid was significantly higher than the average in Korean hospitals. (19.1% vs. 5.8%, P = 
0.002). Complications occurred in 88 patients (44.3%). Postoperative pancreatic fistula (POPF) occurred in 113 cases (61.7%), 
but the clinically relevant POPF was 24.6% (grade B: 23.5% and grade C: 1.1%). The median hospital stay after surgery was 
20 days (range, 6–137 days). In-hospital mortality was 3.8% (n = 7), with pulmonary complications being the leading cause. 
During the study period, improvements were observed in POPF rate, operation time, and hospital stay. The mean total 
hospital cost was 13,819 United States dollar (USD) per patient, and the mean reimbursement from the National Health 
Insurance Service (NHIS) to health care providers was 10,341 USD (74.8%). The patient copayment portion of the NHIS 
payment was 5%. 
Conclusion: Performing PD in a mid-volume municipal hospital is feasible, with comparable results and cost-effectiveness.
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METHODS 

Hospital and patients 
Seoul Metropolitan Government  Seoul National University 

Boramae Medical Center is a public municipal hospital covering 
the southwestern area of Seoul, Korea, which is subsidized by 
the Seoul Metropolitan Government and is managed by Seoul 
University Hospital. From March 2003 to November 2015, 183 
patients underwent PD in this hospital. Clinicopathological 
data were retrospectively collected from medical records until 
2014 and then prospectively collected from January 2015. 
Clinical data including age, sex, underlying disease, operation 
data, and relevant clinical outcomes were analyzed. The status 
of a patient’s medical insurance was defined by the policy of 
the Korean National Health Insurance Service (NHIS). This 
study was approved by the Institutional Review Board of Seoul 
Metropolitan Government  Seoul National University Boramae 
Medical Center (IRB No. 162015176).

Definition of ‘hospital volume’ 
We followed the definition of Kim et al. [1], who graded 

“hospital volume” according to the number of annual PD cases: 
very low (<10), low (10–18), medium (19–35), high (54–111), and 
very high (215).

Definition of complication and mortality
The ClavienDindo classification was used for grading 

postoperative complications. Postoperative surgical complica
tions were considered to have occurred in cases that were 
classified above grade II [2]. Postoperative pancreatic fistula 
(POPF) was defined and graded according to the criteria of 
the International Study Group of Pancreatic Fistula [3]. Only 
clinically relevant POPF (grade B or C) was regarded as a 
postoperative complication. Delayed gastric emptying (DGE) 
was also graded according to the definition of the International 
Study Group of Pancreatic Surgery [4]. Intraabdominal fluid 
collection was defined as complicated fluid detected in the 
operative field on CT on the 7th postoperative day, regardless 
of the existence of POPF. Inhospital mortality was defined as 
patient death within a 30day postoperative hospital stay during 
the index admission, regardless of its cause. For comparison of 
clinical outcomes, an article [1] that has analyzed nationwide 
PD data was used as a reference. To evaluation of long term 
outcome, survival analysis was performed in pancreatic head 
cancer.

Operation procedure and postoperative 
management 
Three surgeons performed the surgical procedures. All PD 

surgeries were performed in laparotomy fashion. Pylorus
preserving PD (PPPD) was preferred to conventional PD in the 

interest of organ preservation. Pancreaticoenteric anastomoses 
were performed in pancreaticojejunostomy (PJ) fashion using 
the ducttomucosa method. Although the use of pancreatic 
stents was left to the surgeon’s discretion, external pancreatic 
stenting was usually performed when the pancreatic texture 
was soft and the diameter of the main pancreatic duct was 
less than 3 mm, and internal pancreatic stents were inserted 
when the diameter of the main pancreatic duct was greater 
than 5 mm and the pancreas had a hard texture. Prophylactic 
intravenous antibiotics were administered only on the day of 
surgery. Octreotide was not routinely administered. The naso
gastric tube was removed on the 1st postoperative day. Small 
sips of water were allowed from the second postoperative 
day, and a blended diet was attempted after gas was passed. 
Amylase levels in abdominal drainage fluid were checked on 
the postoperative third, fifth, and seventh days. Abdominal 
CT was routinely performed on the seventh day after surgery 
to rule out arterial pseudoaneurysm and to examine fluid 
collections.

In cases in which arterial pseudoaneurysm was suspected 
or postpancreatic hemorrhage was evident, angiography in the 
interventional radiology suite was preferred to relaparotomy. 
Intraabdominal drains were removed when no fluid collection 
was evident on CT scan and clinically relevant POPF had not 
occurred. 

Medical insurance status and hospital cost 
The social security system of South Korea is composed of 3 

fields including social insurance, public assistance, and social 
welfare service. As a compulsory social insurance program, the 
Korean health insurance system covers the entire population 
living in the country. Therefore, if all residents pay their me
di cal insurance premium according to their income, the fi
nances of the health care system are secured. The NHIS is the 
governmental agency that deals with medical tax revenue, then 
comprehensively manages it for all medical insurance services. 
The operational system of national health insurance in South 
Korea is shown in Fig. 1 (http://www.nhis.or.kr). In brief, total 
medical costs for a certain health care service consist of (1) NHIS 
payment: sum of payment for healthcare services from NHIS 
with a certain rate of copayment by the insured; and (2) Non
NHIS payment: cost for various health care services which do 
not meet the criteria for NHIS payment (e.g., ultrasonography, 
magnetic resonance imaging, robotic surgery). These costs 
are unpayable by the NHIS but should be paid by the patients 
themselves, with prices reasonably determined by the health 
care providers. 

Health care providers can ask for reimbursement from the 
NHIS for the health care services provided to the patients, for 
which the ratio of actual NHIS payment to copayment by the 
patient is determined by the patient’s economic status. For 
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the beneficiaries of national basic livelihood, in other words 
the patients with low economic status, the proportion of NHIS 
payment will be increased. Particularly in the case of the 
destitute poor, the charge to the patients goes to nearly zero. 
The Health Insurance Review and Assessment Service (HIRA) 
audits and reviews the bills from health care providers, then 
announces the review results to the NHIS and gives feedback 
to health care providers. In the current study, we divided the 
patients into 2 groups based on the proportion of the payment 
from the NHIS: (1) Health insurance group: the NHIS paid about 
80% of all medical costs as social insurance; and (2) Medical aid 
(beneficiaries) group: the NHIS covered 95%–100% of all medical 
costs for the basic livelihood group as public assistance. In 
particular, since cancer patients were preferentially allowed to 
pay only 5% of health care service costs, they were also included 
in the medical aid group in this study to equally compare the 
costs with those of other hospitals.

The hospital costs for PD patients in the 3 previous years (from 
January 2013 to November 2015) were analyzed. To specifically 
compare the hospital costs of PD with those of other hospitals, 
the overall costs for the patients with pancreatic head cancer 
were selectively analyzed using the data extracted from the 
database of the NHIS (http://www.nhis.or.kr) and the open 
database at the website of HIRA (http://www.hira.or.kr). 

Reference article
Kim et al. [1] analyzed and reported Korean data regarding 

PD. The authors used this article as a clinical reference regard
ing PD in Korea.

Statistical analysis 
All statistical analyses were performed with IBM SPSS Statis

tics ver. 22.0 (IBM Co., Armonk, NY, USA). Nominal data were 
compared with the chisquare test and Fisher exact test and 
continuous data with the KruskalWallis test. KaplanMeier 
sur vival analysis was performed to evaluation of long term 
out come. Pvalues less than 0.05 were considered statistically 
significant.

RESULTS
Annual PD cases in the study hospital have been consistently 

increasing and reached an average of 14 cases annually, ranging 
from 4 to 25 (Fig. 2). According to this finding, the study 
hospital could be classified as a low to mediumvolume center 
by definition [1].

Demographics and characteristics of the patients 
(Table 1)
The median age of the patients was 67 years (range, 14–89) 

and the male:female ratio was 99:84 (54.1%:45.9%). The number 
of patients with Charlson comorbidity index scores of greater 
than 3 was 122 (66.7%). The proportion of patients in the health 
insurance group was 80.9% and the proportion in the medical 
aid beneficiaries group was 19.1%. Preoperative biliary drainage 
was performed in 137 patients (74.8%), endoscopic retrograde 
biliary drainage (ERBD) in 64 (35.0%), percutaneous transhepatic 
biliary drainage (PTBD) in 59 (32.3%), and endoscopic 
nasobiliary drainage (ENBD) in 14 (7.7%). PPPD accounted for 
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Fig. 1. National Health Insurance Operation System (NHIS) of Korea (http://www.nhis.or.kr). HIRA, Health Insurance Review & 
Assessment Service.
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76% of all PD cases. One hundred thirtynine cases of PJ were 
externally diverted through a pancreatic stent, while 34 cases 
were internally drained. Ten patients had no stent. Sixteen 
cases were diagnosed as benign disease (8.7%) while the other 

167 cases were diagnosed as malignant disease (91.3%) The 
most common diagnosis was distal common bile duct cancer (65 
cases, 35.5%).

Clinical outcomes of the patients (Table 2)
The median operation time was 350 minutes (range, 

169–600 minutes). Packed red blood cells were transfused 
in 88 cases (48.1%). Eightyeight patients (48.1%) experienced 
more than one postoperative complication. POPF occurred in 
113 patients (61.7%), but clinically relevant POPF developed in 
only 45 patients (24.6%; grade B, 43; grade C, 2). Twentyone 
patients had intraabdominal fluid collection and 18 patients 
experienced DGE. Fifteen patients developed postoperative 
pneumonia, and the number of patients who experienced 
wound complications was 15. Among the nine patients who 
developed postoperative bleeding, 7 patients bled from arterial 
pseudoaneurysm, one from arterial erosive bleeding from the 
dorsal pancreatic artery, and the other due to unknown causes. 
Six out of the 7 cases of pseudoaneurysmal bleeding originated 
from the gastroduodenal artery stump and the remaining one 
originated from the proximal right hepatic artery. All of the 7 
cases were embolized with coils in the interventional radiology 
suite and were successfully controlled, but 1 patient eventually 
died from pneumonia with pulmonary edema. The case of 
arterial erosive bleeding from the dorsal pancreatic artery was 
also well controlled with coil embolization, and the patient who 
experienced bleeding due to an unknown cause underwent re
laparotomy twice, on the second and third postoperative days. 
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Fig. 2. Annual change of pancreaticoduodenectomy cases 
in this hospital. Annual pancreaticoduodenectomy case in 
this hospital has been consistently increasing and reached to 
average 14 cases annually, ranging from 4 to 25.

Table 1. Demographics and characteristics of the patients (n = 
183)

Parameter Value

Age (yr) 67 (14–89)
Sex, male:female 99:84
Charlson comorbidity index
  <3 61 (33.3)
  ≥3 122 (66.7)
Medical insurance status
  Health insurance 148 (80.9)
  Medical aid 35 (19.1)
Preoperative biliary drainage 137 (74.9)
  Endoscopic retrograde biliary drainage 64 (35.0)
  Percutaneous transhepatic biliary drainage 59 (32.2)
  Endoscopic nasobiliary drainage 14 (7.7)
Operation
  Pancreaticoduodenectomy 44 (24.0)
  Pylorus preserving pancreaticoduodenectomy 139 (76.0)
Pancreaticojejunostomy
  No stent 10 (5.5)
  Internal drain 34 (18.6)
  External drain 139 (76.0)
Benign:malignant 16:167
Diagnosis 
  Distal common bile duct cancer 65 (35.5)
  Ampulla of Vater cancer 48 (26.2)
  Pancreas head cancer 36 (19.7)
  Others 34 (18.6)

Values are presented as median (range), number, or number (%).

Table 2. Clinical outcomes of the patients (n = 183)

Parameter Value

Operation time (min) 350 (169–600)
Intraoperative transfusion 88 (48.1)
Complications 88 (48.1)
   Clinically relevant POPF (grade B, C) 45 (24.6)
   Fluid collection 21 (11.5)
   Delayed gastric emptying syndrome 18 (9.8)
   Pneumonia 15 (8.2)
   Wound 15 (8.2)
   Bleeding 9 (4.9)
      Pseudoaneurysmal bleeding 7 (3.8)
No. of patients underwent interventional 
procedure for complications

46 (25.1)

Interventional procedures 56 
   Percutaneous drainage 34 
   PICC for TPN 14 
   Arterial embolization 8 
Mortality 7 (3.8)
Hospital stay (day) 20 (6–137)

Values are presented as median (range), number (%), or number.
POPF, postoperative pancreatic fistula; PICC, peripherally in
serted central catheter; TPN, total parenteral nutrition.
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However, these 2 patients eventually died due to pulmonary 
edema and pneumonia. Inhospital mortality was 3.8% (n = 
7). Pulmonary problems were the main cause of death (n = 4), 
followed by sepsis (n = 1), renal failure (n = 1), and cerebral 
infarction (n = 1). The median length of stay in the hospital 
after surgery was 20 days (range, 6–137 days). The 5year survival 
rate of 36 pancreatic head cancer patients was 15.0% (Fig. 3)

Periodic change of clinical outcomes (Table 3) 
When the total number of cases was sequentially divided into 

3 groups, 61 cases could be evenly allocated to the first (March 
2003 to April 2009, 6 years), the second (May 2009 to April 
2013, 4 years), and the third period (May 2013 to November 
2015, 2.5 years), respectively. The overall complication rate was 
similar among the 3 periods (41.0% vs. 41.0% vs. 50.8%, P = 
0.451) but the overall POPF rate was observed to have improved 
significantly (P = 0.015). The rate of clinically relevant POPF 
gradually decreased without statistical significance from the 
first period to the third (27.9% vs. 24.6% vs. 11.5%, P = 0.065). 
The mean operation time and the length of hospital stay were 
found to have diminished significantly (P = 0.007, P = 0.008, 

respectively).

Medical insurance and hospital cost 
Among the patients, 148 were partially supported by the 

health insurance system while the other 35 patients, accounting 

Table 3. Periodic change of clinical outcomes of the patients 

Variable First period (n = 61) Second period (n = 61) Third period (n = 61) Pvalue

Overall complication 25 (41.0) 24 (41.0) 31 (50.8) 0.451
Mortality 2 (3.3) 4 (6.6) 1 (1.6) 0.354
POPF 40 (65.6) 44 (72.1) 29 (47.5) 0.015
  POPF B, C 17 (27.9) 15 (24.6) 7 (11.5) 0.065
Intraoperative transfusion 26 (29.5) 36 (40.9) 26 (29.5) 0.112
Operation time (min) 360 (169–555) 340 (210–570) 315 (206–600) 0.007a)

Hospital stay (day) 23 (7–137) 18 (6–72) 16 (9–120) 0.008a)

Values are presented as number (%) or median (range).
First period: March 2003 to April 2009, 6 years; second period: May 2009 to April 2013, 4 years; third period: May 2013 to November 
2015, 2.5 year; POPF, postoperative pancreatic fistula.
a)KruskalWallis test.
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for 19.1% of the total patient population, were fully subsidized 
as medical aid beneficiaries (Fig. 4). In comparison with the 
reported data for South Korea [1], the proportion of medical aid 
beneficiaries in the study hospital was significantly higher than 
that of other hospitals in the country (P = 0.002).

Fig. 5 shows the composition of the average medical cost 
for the patients who underwent PD in the study hospital. The 
mean total cost was 16,583,755 Korean won (KRW) (13,819 
USD). The total NHIS payment of 13,243,315 KRW (11,036 USD), 
which constituted 79.8% of the total cost, was made up of 
both payment from the NHIS (12,409,315 KRW [10,341 USD], 
74.8%) and patient copayments (834,000 KRW [695 USD], 5%). 
The actual burden to the patients included both the patient 
copayment portions of the NHIS payment (834,007 KRW [695 
USD], 5%) and nonNHIS payments (3,339,629 KRW [2,783 USD], 
20.1%), reaching a total of 4,173,636 KRW (3,478 USD) (25.1%).

Particularly useful data from HIRA reported that a total of 
70 hospitals in Korea performed PD for pancreatic head cancer 
from January 2014 to December 2014, and the average NHIS 
payment per patient was 12,160,000 KRW (10,133 USD). During 
the same period, 6 PD operations were performed for pancreatic 
head cancer in the study hospital, and the mean total NHIS 
payment was 11,619,493 KRW (9,682 USD).

DISCUSSION
PD is a complex procedure with high mortality and morbi

dity. In South Korea, the morbidity and mortality rates of 
this procedure were reported to be 10.9%–53% and 0%–2.6%, 
respectively, [57] while those of other countries were 20%–53% 
and 1.1%–4.3%, respectively, with no statistical difference 

respectively, showing no statistical difference [812]. Although 
the mortality rate was relatively constant at lower than 5%, 
the postoperative complication rate showed a wide range, 
which might be due to different institutional definitions [13
15]. However, overall clinical outcomes associated with PD have 
improved due to developments in surgical skills, perioperative 
management, and interventional radiology, among other 
factors.

Owing to the high complexity of PD, the tendency of patients 
undergoing this procedure to be consolidated at highvolume 
centers has naturally been accelerated. Moreover, a wellde
veloped public transportation system within a relatively small 
territory has enabled individuals to visit large centers in a 
halfday. It is worth noticing that 126 hospitals performed 
at least one PD procedure from 2005 to 2008, for a total of 
4,975 cases, out of which 38.5% were performed at only four 
hospitals. Consequently, major studies reporting the results of 
PD have been uniformly released from the mid to highvolume 
hospitals in South Korea to date. [57,13,16]. On the other hand, 
accessibility to large hospitals is relatively limited for those who 
are subsidized by the public welfare system due to its high cost. 
The present study focused on the clinical outcomes of PD along 
with its costeffectiveness in a mid to lowvolume hospital, 
specifically a public municipal institution. 

Many previous studies emphasized the “volume effect” on 
PD, such that the performance of procedures in highvolume 
centers would have a more positive influence on outcomes than 
their performance in lowvolume centers [1,14,15,1719]. Indeed, 
longterm outcomes such as survival rates, as well as short
term outcomes, were reported to be much more favorable in 
highvolume centers [20,21]. These studies have supported and 

Fig. 5. Composition of mean cost of health care service per one patient who have undergone pancreaticoduodenectomy in 
this hospital. The mean of total cost was 16,583,755 Korean won (KRW) (13,819 United States dollar [USD]). Total National 
Health Insurance Operation System (NHIS) payment 13,243,315 KRW (11,036 USD) which occupied 79.8% of total cost was 
made up of both payment from NHIS (12,409,315 KRW [10,341 USD], 74.8%) and patient’s copayment (834,000 KRW [695 
USD], 5%). And actual burden to the patients was both patient’s copayment in NHIS payment (834,000 KRW [695 USD], 5%) 
and nonNHIS payment (3,339,629 KRW [2,783 USD], 20.1%), reaching 4,173,636 KRW (3,478 USD) (25.1%).
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(74.8%)
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asserted the necessity of concentration of medical resources. 
However, specialized lowvolume hospitals were also reported 
as competent to perform PD with favorable results comparable 
to those of highvolume hospitals [2224]. Apart from clinical 
outcomes, lowvolume hospitals have their own roles in regard 
to community needs as well as social welfare [25]. For countries 
with wider territory, lowvolume centers are necessary to cover 
the regional areas due to large distances to metropolitan areas 
[26].

The definitions of low and highvolume hospitals are rather 
ambiguous from the surgical aspect. Some studies reported 
their institutional definition of a highvolume hospital as 
one with “more than 5 annual cases of PD per one surgeon’’ 
[17,27,28]. Birkmeyer et al. [29] defined a highvolume hospital 
as one with “more than 11 cases annually per one center”. 
Three grading systems including low, mid, and highvolume 
hospitals were also introduced in some studies [20,30]. Kim 
et al. [1] classified hospital volume into five subgroups of very 
low, low, medium, high, and very high, which were adjusted 
for Korean medical society. The number of cases in each group 
was approximately 20% of the total cases. In the study hospital, 
the average number of annual cases of PD was 14, ranging from 
4 to 25 cases. The surgical capacity of the authors’ hospital has 
gradually moved from low to medium based on the report of 
Kim et al. [1]. 

The analysis of total hospital costs is very complex in South 
Korea. Data regarding the amount of total NHIS payments in 
certain hospitals is partially open to the public at the HIRA 
website (www.hira.or.kr). However, released data related to 
the copayment portion of the NHIS payment is unreliable, 
and furthermore, to determine the exact cost of nonNHIS 
payments in other hospitals is by no means easy. Fortunately, 
it was clarified that although the numbers were very small, the 
cost of the NHIS payment for the patient with pancreatic head 
cancer who underwent PD in the study hospital was compared 
and turned out to be much lower than that of other hospitals. 
Moreover, several indexes demonstrated that the price of non
NHIS payments in public municipal hospitals was definitely set 
lower than the mean cost of other hospitals (data not shown 
here).

Kim et al. [1] also reported the proportion of medical aid 
beneficiaries in Korea as 5.8% of total patients. The proportion 
of medical aid beneficiaries in the study hospital was 19.1%, 
revealing a large difference. The relatively low medical costs in 
the study hospital might attract a higher proportion of patients 
of low socioeconomic status compared to other hospitals. In 
terms of comorbidity, the fact that the proportion of patients 
with Charlson comorbidity index scores above 3 was 66.7% 
in the study hospital compared to 35.0% of patients according 
to national data [1] might have influenced the postoperative 
outcomes and should also be taken into consideration. 

This study showed overall complication and mortality rates 
of 48.1% and 3.8%, respectively. When the cases of combined 
resection, such as hepatectomy, gastrectomy, or colectomy 
were excluded, as in the report of Kim et al. [1], the mortality 
rate decreased to 2.6% (n = 4), which was a comparable 
figure to that obtained for the lowvolume hospitals in their 
analysis (10–18 cases per year, mortality 2.5%). The support of 
nonsurgical departments seemed to play an important role in 
generating comparable outcomes of PD. Seven cases of arterial 
pseudoaneurysm and one case of erosive arterial bleeding 
were effectively controlled with transarterial embolization. In 
addition, preoperative biliary drainages such as PTBD, ERBD, or 
ENBD were performed to improve the preoperative condition 
of patients. Wellequipped systems and qualified personnel 
including gastroenterologists and interventional radiologists 
have contributed to the favorable and improved outcomes of 
PD. 

In periodic analysis, POPF rate was decreased over time, 
even though overall complication rate was consistently high. 
Especially in third period, not only overall rate but also clini
cally relevant POPF rate dramatically decreased compared to the 
first and the second period. But, clinically relevant POPF has 
not reached significant level. We attributed it to accumulated 
surgical experience and improved perioperative management. 

To evaluation of longterm outcome, we performed survival 
analysis of pancreatic head cancer. The range of survival rate of 
pancreatic cancer in South Korea is wide according to the period 
and institute (9.6%–28.8%). [57,13,16] Our result of survival rate 
as a long term outcome was comparable with other institute in 
South Korea. 

In conclusion, PD was demanding but feasible, costbeneficial 
procedure even in lowmid volume hospital. Wellequipped 
system and qualified personnel were considered to prerequisite 
for the comparable postoperative outcomes.
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