
130

pISSN 2288-6575 • eISSN 2288-6796
https://doi.org/10.4174/astr.2019.97.3.130
Annals of Surgical Treatment and Research

ORIGINAL ARTICLE

One hundred sixty pancreaticoduodenectomies for 
periampullary cancers in a growing-volume setting:  
a single-institution and a single-surgeon’s experience
Seong-Hwan Chang
Department of Surgery, Konkuk University School of Medicine, Seoul, Korea

INTRODUCTION
Many studies have concluded that cancer patients may have 

better outcomes with respect to morbidity, mortality, and 
survival rate when their surgery is performed in high-volume 
centers than in low-volume centers. And when this concern is 
focused on performing pancreaticoduodenectomy (PD), which 
is thought to be a high-risk cancer surgery, the relationship 
between volume and outcome invariably increased [1-6]. 
However, some studies concluded that experienced surgeons 
or incorporation of expertise from high-volume centers may 

achieve satisfactory outcomes after PD in low-volume centers [7-
9].

My center opened on August 1, 2005 and the volume of 
PD gradually increased from 1, which was my first PD, to 21 
per year, and performed by one surgeon. The Department of 
Surgery in my center is subdivided into several specialized 
divisions and has a Hepato-Pancreato-Biliary unit with 
specialists who are well trained from high-volume centers. 
Although high volume would influence the outcome of PD, 
the volume might not be the main or only reason influencing 
the outcome. I hypothesize that comparatively good outcome 
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Purpose: Many studies have concluded that cancer patients may have better outcomes when their surgery is performed in 
high-volume centers, especially when the procedure is pancreaticoduodenectomy (PD). However, some studies concluded 
that experienced surgeons or incorporation of expertise from high-volume centers may achieve satisfactory outcomes 
after PD in low-volume centers. 
Methods: I retrospectively collected and analyzed the outcomes of PD for periampullary cancers treated with curative 
intent in my center. 
Results: From August 2, 2005 to December 10, 2018, 160 pancreatic resections were done with curative intent in my 
center. The number of operations per year was 1 in 2005 and gradually increased to 21 in 2018. Thirty-day mortality was 0, 
and 90-day mortality was 1 (0.6%). Morbidity was found in 65 cases (40.6%). The median follow-up period was 23.2 months 
and 5-year survival rates were 28.5% for pancreas head cancer, 48.2% for distal CBD cancer, and 72.6% for AOV cancer. I 
divided patients into 2 groups by the number of annual operations, which is more than 21 per 2 years. The 2 groups showed 
no differences in terms of morbidity and mortality. 
Conclusion: A well-trained low-volume surgeon may perform PD safely at a well-equipped low-volume center.
[Ann Surg Treat Res 2019;97(3):130-135]
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could be attained in a low-volume center if well organized and 
well prepared. I assessed the outcomes of PD for periampullary 
cancers in my center.

METHODS
Data were retrospectively collected from August 2005 to 

December 2018. A total of 209 operations were undergone 
from August 2, 2005 to December 10, 2018 for periampullary 
tumors. The diagnoses and the name of these operations 
are listed in Tables 1 and 2. Among the 209 operations, 165 
operations were done for periampullary cancers, and 160 
operations were done with curative intent. Analysis of these 
160 operations was carried out. Demographic data, data from 
the operation, postoperative morbidity, and postoperative 
mortality were described. Oncologic outcomes including TNM 
staging according to American Joint Committee on Cancer 
(AJCC) 8th edition, cumulative survival rates according to the 
type of periampullary cancers were analyzed. All analyzes were 
performed by using SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA). 
Survival curves were estimated by the Kaplan-Meier method. A 

P-value <0.05 was considered statistically significant. I divided 
patients into 2 groups by operation date. A group is from 2005 
to 2012 and B group is from 2013 to 2018. The reasoning is that 
the cut value for the appropriate volume for major pancreatic 
resection from the Health Insurance Review & Assessment 
Service in Korea is more than 21 per 2 years. Comparisons 
between the 2 groups were performed using chi-square test, 
independent samples t-test. A P-value <0.05 was considered 
statistically significant.

This study was approved by the Institutional Review Board 
of Konkuk University Medical Center (approval number: KUMC 
2019-03-025).

RESULTS
A total of 160 pancreatic resections for periampullary cancers 

with curative intent were performed for 13 and a half years. The 
number of operations per year was 1 in 2005, which was the 
first PD done by me, and it gradually increased to 21 in 2018. 
This is shown in Fig. 1. The mean patient age was 64.3 years 
ranging from 35 to 84 years. The male patient was 100 and the 
female was 60. Pancreatic head cancer was 60 cases (37.5%), 
distal common bile duct (CBD) cancer was 58 cases (36.25%), 
ampulla of Vater (AOV) cancer was 38 cases (23.75%), and 
duodenal cancer was 4 cases (2.5%). The types of operation were 
pylorus preserving pancreaticoduodenectomy (PPPD), Whipple’s 
procedure, and total pancreatectomy, and each number of times 
is listed in Table 3. Segmental resection or wedge resection 
of the right lateral margin of the portal vein or superior 
mesenteric vein was needed in 9 cases (5.6% of all, 15% of 
pancreas head cancer) and these were all pancreas head cancer 
cases. The resection of the transverse colon was needed in 2 
cases and resection of the mesentery of transverse colon was 
needed in 6 cases; these cases were also pancreas head cancer 
cases. Additional resections for negative margin were done in 

Table 1. The diagnoses of 209 periampullary lesions

Lesion No.

Pancreas head cancer 61
Distal CBD cancer 61
AOV cancer 39
IPMN of pancreas head 14
Other benign causes 13
Neuroendocrine tumor of pancreas 8
Duodenal cancer 4
Adenoma of AOV 3
Metastatic cancer 3
Duodenal GIST 1
Duodenal carcinoid tumor 1
Duodenal paraganglioma 1

CBD, common bile duct; AOV, ampulla of Vater; IPMN, intra
ductal papillary mucinous neoplasm; GIST, gastrointestinal 
stromal tumor.

Table 2. Procedures of 209 operations

Lesion No.

PPPD 131
Whipple’s procedure 66
Total pancreatectomy 4
Bypass surgery 4
Cholecystectomy 1
Open and biopsy 2
Hepato-pancreaticoduodenectomy 1

PPPD, pylorus preserving pancreaticoduodenectomy.
Fig. 1. The number of procedures per year for periampullary 
cancers.
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8 cases of pancreas head cancer (13.3%), 9 cases of distal CBD 
cancer (15.5%) and achieved negative cancer margins. Negative 
resection margin at the time of surgery turned to positive after 
surgery in 1 distal CBD cancer case, and this patient was put on 
combined radiotherapy and chemotherapy postoperatively. The 
procedure was converted from PPPD to total pancreatectomy in 
1 pancreas head cancer case due to severe dysplasia of margin, 
another conversion was done in an AOV case due to a combined 
lesion of intraductal papillary mucinous neoplasm, which 
showed severe dysplasia. Neoadjuvant chemotherapy was done 
in 1 distal CBD cancer case (1.7%) and 4 pancreas head cases 
(6.7%). Mean operative time was 413 minutes ranging from 
285 to 645 minutes. The mean estimated blood loss during 
the operation was 985.5 mL ranging from minimal to 8,000. 
Transfusion was done in 59 cases (36.9%). Mean admission 
days were 23.8 days ranging from 10 to 99 and mean follow-
up months were 30.6 months ranging from 49 days to 162.2 
months. These patient characteristics and procedures are 
summarized in Table 3. Adjuvant treatment, which usually was 
chemotherapy and sometimes was chemoradiotherapy, was 
done in 47 cases (78.3%) for pancreas head cancer, in 35 (60.3%) 
for distal CBD cancer, in 15 (39.5%) for AOV cancer, and in 2 
(50.0%) for duodenal cancer.

Outcomes of pathologic staging according to AJCC 8th edition 
is listed in Table 4. Thirty-day mortality was 0, and 90-day 
mortality was 1 (0.6%, overall) of distal CBD cancer. Morbidity 
was found in 65 cases (40.6%). Postoperative pancreatic fistula 
was found in 36 cases (22.5%) with 20 (12.5%) grade Bs and 
no grade C. Intraabdominal abscess was found in 14 cases 
(8.8%), delayed gastric emptying in 12 (7.5%), postoperative 
bleeding in 6 (3.8%) with 3 (1.9%) delayed bleeding cases. 
Other complications are listed in Table 4. The median follow-
up period for 160 periampullary cancers was 23.2 months and 
5-year survival rates were 28.5% for pancreas head cancer, 48.2% 
for distal CBD cancer, 72.6% for AOV cancer, and no calculable 
result for duodenal cancers. The survival curve for each type of 
periampullary cancers is in Fig. 2. The type was a significant 
univariate factor for survival (P = 0.001).

When I divided patients into 2 groups according to the time 
of operation to compare outcomes of early group and late group, 

Table 3. Characteristics of patients and procedures for 160 
periampullary cancers

Variable Value

Age (yr) 64.3 ± 9.6 (35–84)
Sex, male:female 100:60
Diagnosis
    Pancreas head cancer 60
        PPPD 31
        Whipple 28
        Total 1
    Distal CBD cancer 58
        PPPD    40
        Whipple 18
    AOV cancer 38
        PPPD 31
        Whipple 6
        Total 1
    Duodenal cancer 4
        PPPD 1
        Whipple 3
Operation time (min) 413 ± 68
Estimated blood loss (mL) 958 ± 833
No. of transfusions (case) 59
Admission days (day) 23.8 ± 12.2
Follow-up days (mo) 30.6 ± 28.2

Values are presented as mean ± standard deviation (range) or 
number.
PPPD, pylorus preserving pancreaticoduodenectomy; CBD, 
common bile duct; AOV, ampulla of Vater.

Table 4. Outcome of 160 periampullary cancers

Variable Value

Stage (AJCC 8th ed.)
    Pancreas head cancer
        IA:IB:IIA:IIB:III 3:12:2:35:8
    Distal CBD cancer
        I:IIA:IIB:IIIA;IV 6:28:14:8:2
    AOV cancer
        IA:IB:IIA:IIB:IIIA:IIIB 14:8:4:3:5:4
    Duodenal cancer
        IIIA:IV 2:2
30-Day mortality 0 (0)
90-Day mortality 1 (0.6)
Postoperative complications 65 (40.6)
    Postoperative pancreatic fistula 36 (22.5)
        Biochemical leak 16 (10)
        Grade B 20 (12.5)
        Grade C 0 (0)
    Intraabdominal abscess 14 (8.8)
    Delayed gastric emptying 12 (7.5)
    Postoperative bleeding 6 (3.8)
        HA embolization (GDA stump) 3 (1.9)
        Endoscopic hemostasis (GJ site) 2 (1.3)
        Reoperation (branch of SMV) 1(0.6) 
    Wound repair 2 (1.3) 
    Prolonged ascites 2(1.3)  
    Postoperative pneumonia 2 (1.3)
    Aspiration pneumonia 1 (0.6)
    Thrombophlebitis 1 (0.6)
    Cystitis 1 (0.6)
    Prolonged chyle ascites 1 (0.6)

Values are presented as number or number (%).
AJCC, American Joint Committee on Cancer; CBD, common bile 
duct; AOV, ampulla of Vater; HA, hepatic artery; GDA, gastro
duodenal artery; GJ, gastrojejunostomy; SMV, superior mesen
teric vein.
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age, sex ratio, type of periampullary cancers, type of operation, 
and operation time were not statistically different in groups 
A and B. However, there was a tendency for the proportion of 
pancreas head cancer to increase and the proportion of AOV 
cancer decrease. The only meaningful and statistical decrease 
was in admission days and this is summarized in Table 5. 
Morbidity and mortality were not different between the 2 
groups except 1 and this is summarized in Table 6.

DISCUSSION
Although PD is a high-risk surgical procedure, many studies 

have reported that better operative results, expressed by 
perioperative mortality below 5%, have been obtained by 
several centers and surgeons with a high volume of PDs. [6,10-
13] The appropriate number of cases to define a center and a 
surgeon as high volume in PDs differs among several studies. 
Some studies determined high-volume centers as those with 
more than 20 operations per year and high-volume surgeons 
as those performing more than 11 operations per year [10-13]. 
Determining factors in several studies for better outcomes 
in mortality after PD were the high volume as first and the 
experience of a well-trained surgeon as secondary [10-15]. The 
cut value for the appropriate volume for the major pancreatic 
resection from the Health Insurance Review & Assessment 
Service in Korea is more than 21 per 2 years.

In my study, one surgeon underwent all procedures. 
Therefore, an appropriate number for high volume was achieved 
for a surgeon for the year of 2013. However, for a center, it 
was achieved from the year of 2017 [10-13]. According to the 
cut value from the Health Insurance Review & Assessment 

Fig. 2. Survival rates of 160 periampullary cancers according 
to histologic types. AOV, ampulla of Vater; CBD, common 
bile duct.

Table 5. Comparisons of characteristics of patients and pro
cedures of 2 groups

Variable Group A 
(n = 59)

Group B 
(n = 101) P-value

Age (yr) 63.6 ± 9.6 64.6 ± 9.6 0.967
Sex, male:female 40:19 60:41 0.290
Diagnosis 0.051
    Pancreas head cancer 17 (28.8) 43 (42.6)
    Distal CBD cancer 20 (33.9) 38 (37.6)
    AOV cancer 21 (35.6) 17 (16.8)
    Duodenal cancer 1 (1.7) 3 (3.0)
Type of operations 0.123
    PPPD 32 (54.2) 71 (70.3)
    Whipple 26 (40.1) 29 (28.7)
    Total 1 (1.7) 1 (1.0)
Operation time (min) 434 ± 73 400 ± 62 0.340
Estimated blood loss (mL) 832 ± 509 1,032 ± 968 0.002
No. of transfusions (case) 21 (35.6) 38 (37.6) 0.797
Admission days (day) 27.1 ± 16.4 21.9 ± 8.3 0.002
Follow-up days (mo) 44.7 ± 38.0 22.2 ± 15.6 <0.001

Values are presented as mean ± standard deviation or number 
(%).
CBD, common bile duct; AOV, ampulla of Vater; PPPD, pylorus 
preserving pancreaticoduodenectomy.

Table 6. Comparisons of outcomes between the 2 groups

Variable Group A 
(n = 59)

Group B 
(n = 101) P-value

30-Day mortality 0 (0) 0 (0)
90-Day mortality 1 (1.7) 0 (0) 0.189
Postoperative complications 27 (45.8) 38 (37.6) 0.312
    Postoperative pancreatic 

fistula
16 (27.1) 20 (19.8) 0.285

        Biochemical leak 10 (17.0) 16 (10) 0.855
        Grade B 6 (10.1) 4 (4.0) 0.117
        Grade C 0 (0) 0 (0)
    Intraabdominal abscess 5 (8.5) 9 (8.9) 0.925
    Delayed gastric emptying 7 (11.9) 5 (5.0) 0.109
    Postoperative bleeding 3 (5.9) 3 (3.0) 0.497
        HA embolization  

(GDA stump)
3 (5.9) 0 (0) 0.022

        Endoscopic hemostasis  
(GJ site)

0 (0) 2 (2.0) 0.277

        Reoperation (branch of 
SMV)

0 (0) 1 (0.0) 0.443

    Wound repair 1 (1.7) 1 (1.0) 0.699
    Prolonged ascites 1 (1.7)  1 (1.0) 0.699
    Postoperative pneumonia 1 (1.7)  1 (1.0) 0.699
    Aspiration pneumonia 0 (0) 1 (1.0) 0.443
    Thrombophlebitis 1 (1.7) 0 (0) 0.189
    Cystitis 0 (0) 1 (1.0) 0.443
    Prolonged chyle ascites 0 (0) 1 (1.0) 0.443

Values are presented as number (%).
HA, hepat ic ar tery;  GDA, gastroduodenal ar tery;  GJ, 
gastrojejunostomy; SMV, superior mesenteric vein.
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Service in Korea, my center became qualified from the year 
of 2013. Therefore, I analyzed whole cases and divided them 
into 2 groups, group A from 2006 to 2012, group B from 2013 
to 2018, and compared outcomes of the 2 groups. A 30-day 
mortality rate of 0%, 90-day mortality 0.6%, and a morbidity 
rate of 40.6% are comparable to those within the standards of 
excellence obtained by high-volume PD centers [7,16-20]. One 
mortality was the case of a 73-year-old male with distal CBD 
cancer. He had a small intraabdominal abscess and managed 
with antibiotics. However, this approach failed and the small 
abscess progressed to multiple larger abscesses along the 
operative field. A percutaneous drainage (PCD) insertion was 
done on postoperative day 18 to control the abscess without 
good drainage. Multiple PCD was done thereafter, but to no 
avail. The patient died of multi-organ failure on postoperative 
day 51. As occurs with high-volume centers, pancreatic fistula, 
intraabdominal abscess, and delayed gastric emptying were the 
most frequent complications. Operation time appears to be a 
little longer compared to other studies. My data was collected 
from anesthesia records, and the operation time starts not from 
the moment of incision but from the moment of starting skin 
preparation, and ends with the dressing of the wound. Also, 
every year, I retain aid during the operation from a new third 
year or fourth-year resident, not from a fellow who would be far 
better helpful. This might be the reason for the slightly longer 
operation time and uneven operation time.

The median follow-up period for 160 periampullary cancers 
was 23.2 months and 5-year survival rates were 28.5% for 
pancreas head cancer, 48.2% for distal CBD cancer, 72.6% for 
AOV cancer, and no calculable result for duodenal cancers. To 
compare the survival outcome strictly, we need to separate 
the type and stage of periampullary cancers though the small 
numbers in the categories of periampullary malignancy negate 
any useful comments regarding their survivorship. Yet, these 
outcomes from my center are not different from other studies. 
[6,18-22] Thus, also at the aspect of survival, small volume 
centers’ outcomes might not be inferior to those of high-volume 
centers.

When compared, groups A and B as shown in Tables 5 and 6, 
regarding age, sex ratio, type of periampullary cancers, type of 
operation, and operation time were not statistically different, 
though there was a tendency for the proportion of pancreas 
head cancer to increase and the proportion of AOV cancer 
decrease. In the beginning of the center, many pancreatic 
head cancer patients went to other well-known centers in 
Seoul for surgery, but as time passed, the proportion of those 
patients decreased. Operation time was not much reduced 
against my expectations, and estimated blood loss even 
increased statistically. This may have been due to the increase 
of pancreatic head cancer patients, and indeed, segmental 
resection or wedge resection of the right lateral margin of the 

portal vein or superior mesenteric vein being done in only 
group B. The only meaningful and statistical decrease was in 
admission days. Morbidity and mortality were not statistically 
different between the 2 groups except in the number of hepatic 
artery embolization. I tried to compare survival rates between 
the 2 groups for each disease; P-value of overall survival rates 
for pancreatic head cancer was 0.050, for distal CBD cancer was 
0.867, and for AOV cancer was 0.223. However, due to the small 
numbers, different median follow-up periods, and different 
staging in the categories of periampullary malignancy of the 
2 groups, the results would not be reliable. One explanation is 
that there were only 2 out of 17 (11.8%) stage I cases in group 
A, but 13 out of 43 (30.2%) stage I cases in group B in pancreas 
head cancer. To adjust the staging between the 2 groups, more 
cases are needed for each group, and in this study, survival rates 
could not be comparable in the 2 groups for this reason. Some 
insisted experience and technical expertise as being the most 
important factors in achieving good results after PD, and others 
add more factors besides experience which are an optimized 
hospital structure and a well-equipped center [21-25]. And in 
my study, small volume or early period did not influence the 
outcome between the 2 groups. When I was a resident (4 years) 
or a fellow (1 year), about 50 to 70 PDs were performed annually 
in the center. After moving to my new center, I went abroad as a 
research fellow for 2 years while my new center was being built. 
I returned 5 months before the opening of my new center and 
worked on filling in the blanks of my clinical experiences and 
on preparing to set up the system for the new center. To that 
end, I visited the center in which I was trained, to observe and 
participate in operations such as liver transplants and PDs, with 
some new residents, and with some new nurses for my new 
center several times. As a conclusion to these studies, being well 
trained in a high-volume center as a resident and a fellow, and 
gradually growing the number of patients in a well-designed 
center, are the likely factors to good outcome in my center, at 
least it terms of morbidity and mortality. Also, experiences from 
other operations in the Hepato-Pancreato-Biliary field would 
be helpful to good outcome of PDs in my center. I performed 
a great number of laparoscopic cholecystectomies, major or 
minor liver resections, distal pancreatectomies, extended 
cholecystectomies, living donor liver transplants, and deceased 
donor liver transplants in the same period. The experiences 
from these surgeries have greatly benefitted me.

In conclusion, comparing outcomes of my center with 
other centers and comparing outcomes between the 2 groups 
according to annual numbers demonstrated that the only 
volume is not the factor in determining the outcome of PD for 
periampullary cancers. A well-trained low-volume surgeon may 
perform PD safely at a well-equipped low-volume center, and 
accumulated experience from other surgeries would lead to 
good outcomes after PD.
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