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A B S T R A C T 

Background and objectives: There have been many reports of pancreaticoduodenectomy performed for 

the surgical treatment of periampullary cancer. However, any differences in the perioperative courses of 

different types of periampullary tumour are unclear. In this study, we evaluated the differences in morbidity 

among the three main types of periampullary tumour. 

Methods: Prospectively collected data from patients who underwent pancreaticoduodenectomy for 

periampullary tumour between 2004 to 2018 were reviewed. The patients were divided into three groups: 

those with pancreatic head cancer, ampulla of Vater (AOV) cancer, or distal common bile duct (CBD) 

cancer. 

Results: Among the 645 patients who underwent pancreaticoduodenectomy, 298 (46.2%) were diagnosed 

with pancreatic head cancer, 172 (26.7%) with AOV cancer, and 175 (27.1%) with distal CBD cancer. The 

group with distal CBD cancer had the highest mean age (68.45 ± 9.2 years; p = 0.002) and the highest total 

bilirubin level (8.72 ± 0.6) mg/dl among the three groups. The group with pancreatic head cancer had the 

highest rate of firm pancreatic texture (71.7%) and the greatest duct diameter (4.64 ± 0.2 mm) among the 

three groups. Pancreatic fistula and pulmonary complications were more frequent in the groups with AOV 

cancer and distal CBD cancer. Post-operative haemorrhage occurred at a higher rate in the group with distal 

CBD cancer (12%). The hospital stay was longer in the group with distal CBD cancer (27.30 ± 1.3 days). 

Conclusion: Among the three main types of periampullary tumour, the group with distal CBD cancer had 

the highest complication rate and the longest hospital stay. 

 

Introduction 

 

Periampullary tumours include pancreatic head cancer, distal common 

bile duct (CBD) cancer, carcinoma arising from the ampulla of Vater 

(AOV), and duodenal carcinoma [1]. Although the pathology and 

survival outcome of each type of tumour differ, their surgical 

management is the same. Pancreaticoduodenectomy is the only curative 

treatment for these periampullary tumours [2]. Improvements in surgical 

instruments, surgical techniques, and perioperative care have led to 

improvements in outcome and reduced morbidity and mortality after 

pancreaticoduodenectomy [3]. However, pancreaticoduodenectomy is 

still one of the most difficult surgical operations and is accompanied by 

high morbidity and mortality [4]. The common complications of 

pancreaticoduodenectomy include pancreatic fistula, post-operative 

haemorrhage, delayed gastric emptying, and generalized complications 

such as atelectasis, pneumonia, and cardiac complications. Clavien 

proposed a classification system for surgical complications, graded 

according to the need for therapeutic treatment [5]. A definition of 

pancreatic fistula has also been proposed by the International Study 

Group of Pancreatic Surgery (ISGPS) [6]. 

It is presumed that all of these complications occur after all types of 

periampullary tumour. However, the incidence of specific complications 

may vary among the three types. When developing a treatment plan, it 

would be useful to know whether there is any difference in the likelihood 
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of developing specific complications according to tumour type or in the 

severity of complications for each tumour type. Therefore, in this study 

we clarify the differences in morbidity among the different types of 

periampullary tumour. 

 

Materials and Methods 

Study design 

 

Patients who underwent pancreaticoduodenectomy for periampullary 

tumour in the Department of Surgery, Seoul National University 

Bundang Hospital, Seoul, Korea, between April 2004 and November 

2018 were included in this study. Prospectively collected data on the 

patients’ demographic characteristics, preoperative laboratory and 

imaging findings, operative and pathological results, post-operative 

complications, and follow-up were used in the evaluation, after approval 

was obtained from the Institutional Review Board of Seoul National 

University Bundang Hospital. Because of the paucity of duodenal 

cancers and other rare pathologies, these tumours were excluded from 

the study. The patients were divided into three groups: those with 

pancreatic head cancer, AOV cancer, or distal CBD cancer. 

 

Preoperative assessment 

 

The preoperative evaluation protocol included a basic laboratory 

evaluation of tumour markers, past history of previous abdominal 

surgery, medical history of chronic diseases, radiological evaluation 

including triphasic computed tomography (CT) of the abdomen or 

magnetic resonance imaging (MRI), positron emission tomography 

(PET) scan, and preoperative cardiac and pulmonary function tests. 

 

Operative techniques 

 

The surgical treatment for periampullary tumour was either classical 

pancreaticoduodenectomy (PD) or pylorus-preserving 

pancreaticoduodenectomy (PPPD) [7, 8]. The commonest type of 

surgery was PPPD. If the duodenum was involved, especially in patients 

with pancreatic head cancer, or the blood supply to the duodenum after 

resection was insufficient, classical PD was performed. The regional 

lymph nodes and all the adipose tissue around the hepatoduodenal 

ligament were removed. The reconstruction was performed with duct-

to-mucosa-type pancreaticojejunostomy using a silastic internal stent. 

Hepaticojejunostomy was performed with an interrupted monofilament 

suture, and finally a duodenojejunostomy was performed in patients 

undergoing PPPD and gastrojejunostomy in those undergoing classical 

PD. The drains were inserted near the hepaticojejunostomy and 

pancreaticojejunostomy. 

 

Post-operative assessment 

 

The post-operative course was closely monitored, and the daily amount 

of drain output was measured. Abdominal CT was performed routinely 

on post-operative day 5 to detect early morbidities, such as anastomotic 

leakage or intra-abdominal accumulation of fluid. Pancreatic fistula has 

been defined by ISGPS [6]. The complications were graded according to 

the Clavien–Dindo classification. Grade I involved a deviation from the 

normal post-operative course that required no intervention and did not 

lead to life-threatening events. Grade II involved a complication that 

required pharmacological treatment but no invasive intervention and did 

not lead to a disability. Grade III involved a complication that required 

an invasive intervention or readmission to the intensive care unit but did 

not lead to a disability. Grade IV was any complication that led to a 

disability and grade V was any major complication that led to death. 

Complications of grade III or more were classified as major life-

threatening complications [9]. 

 

Statistical analysis 

 

The data collected were analysed with the SPSS ver. 21 (IBM-SPSS) *. 

A 2 test was used to compare the differences in the distribution of 

frequencies among the different groups. Analysis of variance (ANOVA) 

was used to test the mean differences in the continuous data that followed 

a normal distribution, and a post hoc test was performed with 

Bonferroni’s correction. 

* IBM_SPSS. Copyright © SPSS Inc., 2011-2012. NY, USA. 2012 

 

Results 

Patient characteristics and preoperative data 

 

Between April 2004 and November 2018, 645 patients underwent 

classical PD or PPPD. The indications for surgery included pancreatic 

head cancer in 298 patients, AOV cancer in 172 patients, and distal CBD 

cancer in 175 patients. Age was significantly higher in the distal CBD 

cancer group than in the other groups (p = 0.002). A high rate of patients 

presented with jaundice, elevated total bilirubin, or frequent biliary 

drainage procedures in the distal CBD cancer group (p < 0.001) (Table 

1). 

 

Operative data 

 

One hundred fifty-one patients (23.4%) underwent PD and 494 patients 

(76.6%) underwent PPPD. A longer operative time (p = 0.049) and 

greater blood loss (p < 0.001) were observed in the pancreatic head 

cancer group. The pancreatic consistency was firmer (p < 0.001) and the 

pancreatic duct size wider (p < 0.001) in pancreatic head cancer group 

than in the other groups (Table 2). 

 

Post-operative data 

 

There were no differences among the groups in the incidence of cardiac 

arrest, stroke, or pneumonia. The occurrence of pancreatic fistula was 

significantly higher in the AOV cancer and distal CBD cancer groups (p 

< 0.001). Post-operative bleeding was more frequent in the distal CBD 

cancer group (p < 0.001). The rate of delayed gastric emptying was 

significantly higher in the AOV cancer and distal CBD cancer groups (p 

= 0.029). Higher incidences of atelectasis and pleural effusion were 

observed in the AOV cancer and distal CBD cancer groups than in the 

pancreatic head cancer group (p < 0.001). Complications graded 

according to the Clavien–Dindo classification were significantly higher 

in the distal CBD cancer group than in the other groups (p < 0.001). The 

hospital stay was significantly longer in the distal CBD cancer group 

than in the other groups (Table 3). 
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Table 1: Demographic data of the study patients 

  

Group 1 

Pancreatic  

(n=298) 

Group 2 

AOV  

 (n=172) 

Group 3 

Distal CBD  

 (n=175) 

P-value*,** P1, P2, P3**,*** 

Age/years 65.18 ± 10.8 65.25 ± 10.8 68.45 ± 9.2 = 0.002 =0.948,  =0.004,  =0.001 

Gender (F/M) 129/169 93/79 101/74 =0.005 =0.024, =0.287, =0.002 

BMI 22.59 ± 2.7 23.96 ± 2.7 23.58 ± 3.2 < 0.001 <0.001,  =0.217, <0.001 

DM % 130 (43.6%) 40 (23.3%) 46 (26.3%) < 0.001 <0.001,  =0.298,  <0.001 

Heart Disease % 22 (7.4%) 15 (8.7%) 18 (10.3%) = 0.274  

Jaundice % 148 (49.7%) 78 (45.3%) 114 (65.1%) < 0.001 =0.210, <0.001, =0.001 

Biliary Drainage % 166 (55.7%) 108 (62.8%) 144 (82.3%) < 0.001 =0.133, <0.001, <0.001 

T. Bilirubin 6.19 ± 0.4 5.09 ± 0.5 8.72 ± 0.6 < 0.001 =0.120, <0.001, <0.001 

CA-19-9 (≥ 37 U/ml) % 205 (72.7%) 71 (44.7%) 99 (61.1%) < 0.001 <0.001, =0.003, =0.011 

WBCs  6.50 ± 0.1 6.65 ± 0.2 7.12 ± 0.2 = 0.007, =0.439, =0.030, =0.002 

CRP 1.49 ± 0.2 1.54 ± 0.2 2.15 ± 0.3 = 0.096 =0.879, =0.090, =0.039 

 

*ANOVA was used to compare the mean differences between groups. 

** χ2test was used to compare proportions between groups. 

***Post hoc test with Bonferroni’s correction 

P1 value [group 1vs. 2], P2 value [group 2 vs. 3], P3 value [group 1 vs. 3]. 

BMI, body mass index; DM, diabetes mellitus; WBC, white blood cell; 

CRP, C-reactive protein. 

 

Table 2: Operative characteristics 

 

 

Group 1 

Pancreatic  

(n=298) 

Group 2 

AOV  

 (n=172) 

Group 3 

Distal CBD  

 (n=175) 

P-value*,** P1, P2, P3**,*** 

Operation Name      

PD % 

91 (30.5%) 23 (13.4%) 37 (21.1%) < 0.001 

<0.001, =0.010, =0.041 

PPPD % 

207 (69.5%) 149 (86.6%) 138 (78.9%)  

 

Operative Time/min 408.19 ± 7.1 390.19 ± 7.9 382.95 ± 8.4 = 0.049 =0.102,  =0.557, =0.021 

Blood Loss/ml 527.21 ± 24.6 313.20 ± 17.6 369.94 ± 27.7 < 0.001 <0.001, =0.150, <0.001 

Pancreatic Consistency (n=533)     

Duct Size/mm 4.64 ± 0.2 3.59 ± 0.1 2.83 ± 0.1 < 0.001 <0.001, =0.004, <0.001 

Soft % 70 (28.3%) 104 (74.3%) 108 (74%) 
< 0.001 

<0.001, =0.530, <0.001 

Firm % 177 (71.7%) 36 (25.7%) 38 (26%)  

PO Drain Amylase 
312.46 ± 62.2 1328.83 ± 277 1029.69 ± 118.8 

< 0.001 

 

<0.001, =0.193,  <0.001 

 

*ANOVA was used to compare the mean differences between groups. 

** χ2test was used to compare proportions between groups. 

***Post hoc test with Bonferroni’s correction 

P1 value [group 1vs. 2], P2 value [group 2 vs. 3], P3 value [group 1 vs. 3]. 
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Table 3: Post-operative complications in the study groups 

 

 

Group 1 

Pancreatic  

(n=298) 

Group 2 

AOV  

 (n=172) 

Group 3 

Distal CBD  

 (n=175) 

P-value*,** P1, P2, P3**,*** 

CDC %    < 0.001  <0.001,  =0.035,  <0.001 

None  105 (35.2%) 28 (16.3%) 22 (12.6%)   

I  76 (25.5%) 63 (36.6%) 49 (28%)   

II  42 (14.1%) 30 (17.4%) 37 (21.1%)   

≥III  75 (25.2%) 51 (29.7%) 67 (38.3%)   

PJ Leakage % 48 (16.1%) 88 (51.2%) 86 (49.1%) < 0.001  <0.001, =0.458,  <0.001 

PJ Leakage Type %      

A 24 (8.1%) 56 (31.7%) 49 (28%)   

B 22 (7.4%) 32 (18.6%) 36 (20.5%) < 0.001 <0.001, =0.627,  <0.001 

C 2 (0.7%) 0 (0%) 1 (0.6%)   

PO Bleeding % 13 (4.4%) 3 (1.8%) 21 (12%) < 0.001  =0.134, <0.001, =0.002 

Delayed Gast. Emp. % 12 (4%) 17 (9.9%) 15 (8.6%) = 0.029  =0.010, =0.400,  =0.034 

Biliary Fistula % 0 (0%) 3 (1.8%) 3 (1.7%) = 0.042  =0.048, =0.647, =0.023 

Liver Abscess % 0 (0%) 2 (1.2%) 5 (2.9%) = 0.015  =0.050, =0.234,  =0.007 

Atelectasis % 46 (15.4%) 60 (35.3%) 58 (33.1%) < 0.001 <0.001, =0.379,  <0.001 

Pleural Effusion% 36 (12.1%) 43 (25.1%) 43 (24.6%) < 0.001  <0.001, =0.500, <0.001 

Pneumonia % 8 (2.7%) 2 (1.2%) 4 (2.3%) = 0.516  

Cardiac Complication 

% 
    

 

MI 0 (0%) 0 (0%) 2 (1.1%) = 0.044 =1.000, =0.050, =0.039 

Pulmonary Embolism 0 (0%) 2 (1.2%) 3 (1.7%) = 0.034 =0.050, =0.292, =0.024 

Arrest 3 (1.0%) 1 (0.6%) 5 (2.9%) = 0.137  

Stroke/CVA 0 (0%) 1 (0.6%) 0 (0%) = 0.820  

Hospital stay/ds 
23.22 ± 1.9 22.45 ± 1.1 27.30 ± 1.3 = 0.005 

=0.598, =0.003, =0.005 

 

*ANOVA was used to compare the mean differences between groups. 

** χ2test was used to compare proportions between groups. 

***Post hoc test with Bonferroni’s correction 

P1 value [group 1vs. 2], P2 value [group 2 vs. 3], P3 value [group 1 vs. 3]. 

CDC, Clavien–Dindo classification: PJ, pancreaticojejunostomy; MI, myocardial infarction. 

 

Discussion 

 

Pancreaticoduodenectomy is considered one of the most difficult 

surgeries and is accompanied by a complicated post-operative course. 

The morbidity rate for this operation remains high, despite 

improvements in perioperative care, instruments, and the management 

of anaesthesia. Severe complications can influence the survival of 

patients, as has been reported previously by our team [9, 10]. Many 

studies have reported the complications of pancreaticoduodenectomy 

and their risk factors. However, there has been no report of the 

differences in the incidence of complications after 

pancreaticoduodenectomy among the different types of periampullary 

tumour [11, 12]. Pancreatic fistula is a frequent and important 

complication of post-pancreaticoduodenectomy, and also leads to 

multiple other morbidities, such as intra-abdominal abscess, post-

operative bleeding, and delayed gastric emptying [13, 14]. The risk 

factors for pancreatic fistula are reported to be a narrow pancreatic duct, 

a soft-textured pancreas and the experience of the surgeon. In this study, 

the pancreatic texture was firmer in the pancreatic head cancer group, 

which also had a larger pancreatic duct diameter compared with the 

AOV cancer and distal CBD cancer groups. Consequently, the incidence 

of pancreatic fistula was higher in the AOV cancer and distal CBD 

cancer groups. Although the cause of the high pancreatic fistula rate in 

these tumours is not understood, it might result from the soft pancreatic 

texture and narrow diameter of the pancreatic duct in these tumours [15-

17]. 

 

Post-pancreaticoduodenectomy haemorrhage is considered a serious and 

sometimes fatal complication and is associated with a high mortality rate 

(up to 30%), increased hospital stay, and higher medical costs [18]. The 

causes of post-operative haemorrhage are reportedly related to pseudo-

aneurysm and vascular erosion [19]. In the present study, there was a 

high incidence of post-operative haemorrhage in the group with distal 

CBD cancer, although the reason is unclear. We assume that the large 

proportion of elderly patients in this group played a role in the frequent 

occurrence of post-operative haemorrhage, because it is reported that old 

age is associated with arterial structural changes, atherosclerosis, and 

coronary and cerebral artery diseases [20]. Another possible cause was 

that the high rate of pancreatic fistula in the patients with distal CBD 

cancer affected the occurrence of post-operative haemorrhage. It should 
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be noted that the group of patients with AOV also had a high rate of 

pancreatic fistula, but their rate of post-operative haemorrhage was not 

high. Further study is required to understand the discrepancy between 

post-operative pancreatic fistula and post-operative haemorrhage in this 

group. 

 

The commonest clinical finding in patients with periampullary tumours 

is jaundice, and it has been reported that jaundice increases the morbidity 

rate after pancreaticoduodenectomy. The distal CBD cancer group had 

the largest proportion of patients presenting with jaundice, and also the 

highest mean total bilirubin level among the groups [21, 22]. The group 

with distal CBD cancer also had high white blood cell counts and high 

levels of C-reactive protein, which may indicate preoperative 

cholangitis. Cholangitis adversely affects the post-operative course and 

may lead to systemic inflammation or local inflammation. Local 

inflammation promotes intra-abdominal infection and weakness of the 

adjacent vessel wall. Therefore, old age, the high rate of pancreatic 

fistula, and the increased rate of inflammation in the distal CBD group 

might explain the high rate of post-operative haemorrhage in this group 

[23]. Delayed gastric emptying is an early complication of 

pancreaticoduodenectomy. Although it might not be associated with 

high mortality, it can affect the patient’s post-operative course, quality 

of life, and post-operative hospital stay [24]. The causes of delayed 

gastric emptying can be multifactorial. Intra-abdominal accumulation of 

fluid and pancreatic fistula is thought to play an important role in the 

incidence of delayed gastric emptying. It is well known that delayed 

gastric emptying is more frequent after PPPD than after classical PD. In 

this study, the groups with AOV and distal CBD cancer underwent PPPD 

more frequently than did the pancreatic head cancer group. The 

pancreatic fistula rate was also high in the groups with AOV cancer or 

distal CBD cancer, which might have affected delayed gastric emptying. 

These conditions might explain why delayed gastric emptying was 

higher in the patients with AOV cancer or distal CBD cancer [25, 26]. 

 

Pleural effusion and atelectasis are common post-operative 

complications and may be occasionally difficult to distinguish because 

atelectasis can be accompanied by pleural effusion (compression 

atelectasis) [27]. Post-operative pleural effusion is a well-known post-

operative finding in patients with pancreatic fistula or intra-abdominal 

infection. In this study, atelectasis and pleural effusion were common in 

the AOV cancer and distal CBD cancer groups. We presumed that the 

occurrence of these pulmonary complications was attributable to the 

high incidence of pancreatic fistula. Old age might also have contributed 

to the high incidence of atelectasis and pleural effusion in the distal CBD 

cancer group [28]. Cardiac complications are important post-operative 

events because they can increase mortality. Age can be a factor affecting 

the incidence of cardiac complications after surgery, and old age is 

reported to increase cardiac complications by about 2.6-fold [29]. 

Cardiac complications, such as myocardial infarction, were higher in the 

distal CBD cancer group, as was pulmonary embolism. This might be 

attributable to the high mean age and high rate of pre-existing heart 

disease in this group [30, 31]. The duration of hospital stay increases 

hospital costs. The mean hospital stay was significantly longer in the 

distal CBD group than in the other groups in this study because of the 

high incidence of morbidity. The limitations of this study were that it 

was retrospective, and the sample size was insufficiently large. A 

prospective study with a large cohort will better illustrate the 

pathophysiological mechanisms of these post-operative complications. 

However, this is one of the earliest studies to show the differences in the 

post-operative course of PD among the three main types of 

periampullary tumour. 

 

In conclusion, periampullary tumours differ significantly in their 

perioperative courses after PD, with a higher rate of morbidity, longer 

hospital stays and higher costs in patients with distal CBD cancer. 
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