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Abstract
Background: To estimate easily assessed preoperative factors for predicting 90-
day mortality in patients with a pancreatic head adenocarcinoma (PHA) receiving a 
pancreaticoduodenectomy.
Methods: We analyzed data from the Taiwan Cancer Registry Database of patients 
with a PHA who received a pancreaticoduodenectomy. Basic demographic charac-
teristics, including gender and age, were categorized. The selection of preoperative 
comorbidities was based on the preoperative American Society of Anesthesiologists 
score and Charlson comorbidity index.
Results: We enrolled 8490 patients with a PHA who received a pancreaticoduo-
denectomy without distant metastasis. Currently, a pancreaticoduodenectomy for a 
PHA achieves an overall 90-day mortality rate of 8.39%. Univariate and multivariate 
Cox regression analyses indicated that an older age (65-74 and ≥75 years) and spe-
cific comorbidities (chronic obstructive pulmonary disease, chronic kidney disease, 
dementia, and sepsis) were significant independent prognostic factors for predicting 
90-day mortality after a pancreaticoduodenectomy. After adjustment, the adjusted 
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1 |  INTRODUCTION

Pancreatic adenocarcinomas (PAs) are a highly lethal malig-
nancy.1,2 They are the fourth leading cause of cancer-related 
deaths in the United States and second only to colorectal can-
cer as a cause of digestive cancer-related deaths.2 In Taiwan, 
PAs are the fifth leading cause of cancer-related deaths in 
women and the eighth leading cause of cancer-related deaths 
in men.3-5 Surgical resection is the only potentially curative 
treatment for PA.6 The most common anatomic location of 
a PA is the head (approximately 70%).7 The standard op-
eration for a pancreatic head adenocarcinoma (PHA) is a 
pancreaticoduodenectomy.8,9

A pancreaticoduodenectomy is a complex operation, and 
its early mortality rate is high.10-12 One of the most important 
reasons for improvements in pancreaticoduodenectomies is 
the considerable experience of a limited number of surgeons 
who perform the operation on a regular basis in high-volume 
hepatobiliary centers.13-15 However, the definitions of experi-
ence and learning curves differ depending on individual sur-
geons’ learning ability and continuing medical education.16-18 
Cutoff values in high-volume hospitals are vague and differ-
ent13,19,20 and vary with different surgical procedures.18,19,21 
Easily assessed tools for predicting early perioperative mor-
tality with a pancreaticoduodenectomy are needed as a ref-
erence for pancreaticoduodenectomies or other alternative 
treatments for patients with a PHA.

All events recorded within 90 days of resection are con-
sidered postoperative complications.22 Instead of 30-day 
mortality, 90-day postoperative mortality is a valid measure 
of hepatopancreatobiliary surgical quality.23 Moreover, 30-
day mortality usually underestimates the risk of early death 
after major resections for malignancies.10,24,25 Therefore, in 
this study, we attempted to estimate easily assessed preoper-
ative factors for predicting 90-day mortality in patients with 
a PHA who underwent a pancreaticoduodenectomy. These 
novel easily assessed preoperative factors may represent an 

easy and useful tool for evaluating 90-day mortality to pre-
vent underestimating perioperative mortality if using the 
30-day mortality rate after a pancreaticoduodenectomy for 
patients with a PHA.

2 |  PATIENTS AND METHODS

2.1 | Data source

The Taiwan Cancer Registry Database (TCRD) from the 
Collaboration Center of Health Information application 
contains detailed cancer-related information,5,26-34 and the 
quality and precision of codes in Taiwan were verified and 
proven by previous studies.35,36

2.2 | Study cohort

We established a cohort from the TCRD. We enrolled pa-
tients who had received a diagnosis of resectable PHA and 
then undergone a pancreaticoduodenectomy between January 
1, 2006 and December 31, 2015. The index date was the date 
of surgery. The follow-up duration was from the index date 
to December 31, 2016. Our protocols were reviewed and ap-
proved by the Institutional Review Board of Taipei Medical 
University. The diagnoses of enrolled patients were con-
firmed according to their pathological data, and patients who 
received a new diagnosis of resectable PHA and underwent 
pancreaticoduodenectomy surgery exhibited no other cancer 
or distant metastasis. The inclusion criteria were a diagnosis 
of resectable PHA with the indication for a pancreaticodu-
odenectomy, being aged ≥20  years, having an adenocar-
cinoma, and being at clinical cancer stage I to III without 
metastasis as per the American Joint Committee on Cancer 
(AJCC) Cancer Staging Manual, Seventh Edition. Induction 
chemotherapy was used in our study. The exclusion criteria 

hazard ratios (aHRs) (95% confidence intervals [CIs]) of subjects with middle and 
high comorbidity scores for 90-day mortality in 65 to 74-year-old patients were 1.36 
(1.05-1.75) and 2.25 (1.03-4.90), respectively, compared to subjects with low co-
morbidity scores. The aHRs (95% CIs) of subjects with middle and high comorbidity 
scores for 90-day mortality in ≥75-year-old patients were 1.35 (1.07-1.78) and 2.07 
(1.19-3.62), respectively, compared to those with low comorbidity scores.
Conclusions: Elderly patients with a PHA and moderate or high comorbidity scores 
have an increased risk of 90-day mortality after a pancreaticoduodenectomy.
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were a history of cancer before the pancreatic head cancer 
diagnosis, missing gender data, unclear staging, neoadjuvant 
radiotherapy before the index date, and non-adenocarcinoma 
histology.

2.3 | Study covariates

Basic demographic characteristics, including gender and age, 
were categorized. Patient age was determined according to 
the index date; patients were accordingly divided into five 
age groups: <45, 45-54, 55-64, 65-74, and ≥75 years. The 
variables of interest included demographic characteristics, 
AJCC clinical stage, comorbidities, hospital volume,19,37 and 
income level.38 Comorbidities were derived on the basis of 
previous studies and the Taiwan National Health Insurance 
Research Database (TCRD).39-41 The selection of comor-
bidities was based on the preoperative American Society of 
Anesthesiologists score and Charlson comorbidity index. 
Patients with diabetes mellitus (DM), hypertension (HTN), 
pneumonia, chronic obstructive pulmonary disease (COPD), 
hepatitis B, hepatitis C, acute myocardial infarction (AMI), 
coronary artery disease (CAD), cerebrovascular disease 
(CVD), heart valve dysfunction, sepsis, chronic kidney 
disease (CKD), heart failure, aortic aneurysm, peripheral 
vascular disease, peptic ulcer disease, dementia, chronic pul-
monary disease, connective tissue disease, mild liver disease, 
hemiplegia, moderate or severe renal disease, and moderate 
or severe liver disease were examined. To ensure relevance, 
comorbidities reported >1 year before the index date were 
not included. Based on the main International Classification 
of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) diagnostic codes, comorbidities were identified with 
a positive diagnosis in a single admission or a positive diag-
nosis in two or more visits to outpatient departments within 
1 year before the index date.

2.4 | Endpoint

The endpoint was the 90-day mortality rate among patients 
who received a pancreaticoduodenectomy.

2.5 | Statistical analysis

A Chi-squared test was used to compare demographic 
characteristics between surviving patients and the 90-day 
mortality rate between those with and without a specific 
comorbidity (Table 1). Independent predictors were ad-
justed for and stratified in the analysis. Univariate and mul-
tivariate Cox proportional hazard models were constructed. 
Significant independent predictors—such as old age and 

specific significant comorbidities—were analyzed using 
multivariate Cox regression models, which were also used to 
calculate hazard ratios (HRs). After adjusting for confound-
ers, Cox proportional hazards were used to model the time 
from the index date to 90-day mortality for enrolled patients. 
In the multivariate analysis, HRs were adjusted for age, gen-
der, the aforementioned comorbidities, clinical AJCC stage, 
hospital volume, and income level (Table 1). Table 3 presents 
stratified analyses performed to evaluate the 90-day mortality 
risk associated with different independent significant comor-
bidities mentioned in Table 2; the analyses were stratified 
by low, middle, and high comorbidity scores (0, 1 or 2, and 
3 or 4) and different age groups (<45, 45-64, 65-74, and 
≥75 years). All analyses were performed using SAS (vers. 
9.3; SAS). Two-tailed P <  .05 was considered statistically 
significant. The 90-day survival rate was estimated using the 
Kaplan-Meier method. Differences among patients with low, 
middle, and high comorbidity scores were determined using 
the log-rank test.

3 |  RESULTS

We enrolled 8490 patients with a PHA who underwent a pan-
creaticoduodenectomy without distant metastasis (Table 1). 
Of the 8490 enrolled patients, 712 died before completing 
the 90-day threshold, whereas 7778 survived; thus, a cur-
rent pancreaticoduodenectomy for PHA achieved an overall 
90-day mortality rate of 8.39%. High 90-day mortality rates 
were observed in patients that received a pancreaticoduo-
denectomy who were of an old age, had comorbidities, had 
advanced AJCC stage, had a low income level, or were oper-
ated on in a low-volume hospital (Table 1).

Univariate and multivariate Cox regression analyses in-
dicated that old age (65-74 and ≥75  years) and specific 
comorbidities (COPD, CKD, dementia, and sepsis) were 
crucial independent prognostic factors (Table 2). After the 
multivariate analysis, being aged 65-74 and ≥75 years (ad-
justed HR [aHR]: 2.12; 95% confidence interval [CI]: 1.44-
3.13 and aHR: 3.13; 95% CI: 2.11-4.66, respectively) were 
crucial independent prognostic factors for 90-day mortality. 
Specific comorbidities such as COPD (aHR: 1.35; 95% CI: 
1.06-1.71), CKD (aHR: 1.29; 95% CI: 1.06-1.57), dementia 
(aHR: 1.42; 95% CI: 1.04-1.93), and sepsis (aHR: 1.40; 95% 
CI: 1.12-1.74) were also significant independent prognostic 
factors for 90-day mortality (Table 2). Age was determined 
to be a crucial independent prognostic factor. Furthermore, 
the aHR increased with an advancement in age from 65-74 
to ≥75 years (aHR: 2.12 and 3.13 for ages 65-74 and ≥75, 
respectively; Table 2).

A stratified Cox proportional hazard model assessed the 
risk of 90-day mortality and the associated specific comorbid-
ity scores of patients with a resectable PHA who underwent a 
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pancreaticoduodenectomy by considering different age groups 
(Table 3). We divided the cohort into four age subsets and de-
veloped three separate comorbidity scores (low, middle, and 
high) for patients. A Cox proportional hazard model was used 
to analyze the 90-day mortality risk associated with different 
comorbidity scores at different ages (Table 3). After adjust-
ment, the aHR (95% CIs) of the middle comorbidity score for 
90-day mortality in younger patients (<45 years old) was 1.23 
(1.06-4.32) compared to those with a low comorbidity score. 
The aHRs (95% CI) of middle and high comorbidity scores for 
90-day mortality in patients aged 45-64 years were 1.51 (1.13-
2.02) and 2.12 (1.03-7.13), respectively, compared to those 
with a low comorbidity score. The aHRs (95% CIs) of middle 
and high comorbidity scores for 90-day mortality in patients 
aged 65-74 years were 1.36 (1.05-1.75) and 2.25 (1.03-4.90), 
respectively, compared to those with a low comorbidity score. 
The aHRs (95% CIs) of middle and high comorbidity scores for 
90-day mortality in patients aged ≥75 years were 1.35 (1.07-
1.78) and 2.07 (1.19-3.62), respectively, compared to those 
with a low comorbidity score.

Figure 1 illustrates the Kaplan-Meier curves of 90-day 
survival after a pancreaticoduodenectomy in patients aged 
<45 year who had different comorbidity scores. The 90-day 

T A B L E  1  90-day survival rates stratified by the characteristics 
of patients with pancreatic head adenocarcinoma receiving 
pancreaticoduodenectomy

 

No. of 
patients

Survival 
rate, n (%)  

P value8490 7778 91.61%

Age (years)       <.001

<45 817 786 96.21%  

45-54 1410 1343 95.25%  

55-64 2203 2077 94.28%  

65-74 2521 2274 90.20%  

≥75 1539 1298 84.34%  

Gender       .107

Female 3491 3219 92.21%  

Male 4999 4559 91.20%  

Comorbidities

Diabetes mellitus 3086 2775 89.92% <.001*

Hypertension 4543 4072 89.63% <.001*

Pneumonia 2879 2601 90.34% .003*

COPD 2116 1863 88.04% <.001*

Hepatitis B 684 641 93.71% .046*

Hepatitis C 333 297 89.19% .127*

Myocardial 
infarction

130 110 84.62% .006*

CAD 2386 2132 89.35% <.001*

CVD 1335 1169 87.57% <.001*

Heart valve 
dysfunction

576 510 88.54% .007*

Sepsis 775 677 87.35% <.001*

CKD 1250 1095 87.60% <.001*

Heart failure 898 780 86.86% <.001*

Aortic aneurysm 36 31 86.11% .372*

Peripheral vascu-
lar disease

652 570 87.42% <.001*

Peptic ulcer 
disease

4888 4448 91.00% .019*

Dementia 276 229 82.97% <.001*

Chronic pulmo-
nary disease

2585 2316 89.59% <.001*

Connective tissue 
disease

550 498 90.55% .393*

Mild liver disease 4716 4365 92.56% .001*

Hemiplegia 1113 974 87.51% <.001*

Moderate or 
severe renal 
disease

514 455 88.52% .011*

Moderate or se-
vere liver disease

1481 1357 91.63% <.001*

(Continues)

 

No. of 
patients

Survival 
rate, n (%)  

P value8490 7778 91.61%

Clinical AJCC stage       <.001

I 2918 2705 92.70%  

IIA 3141 2878 91.63%  

IIB 2103 1903 90.50%  

III 328 292 89.02%  

Hospital-volume 
levels

      <.001

Very high 3202 2966 92.63%  

High 3104 2866 92.33%  

Moderate 1525 1353 88.72%  

Low 313 282 90.10%  

Very low 346 311 89.88%  

Income level       <.001

Low 2268 2055 90.61%  

Middle 3907 3543 90.68%  

High 2315 2180 94.17%  

Abbreviations: AJCC, American Joint Committee on Cancer; AMI, acute myo-
cardial infarction; CAD, coronary artery disease; CKD, chronic kidney disease; 
COPD, chronic obstructive pulmonary disease; CVD, cerebrovascular disease; 
DM, diabetes mellitus; HTN, hypertension.
*A Chi-square test was used to compare 90-day mortality rates between surviv-
ing patients with and those without a specific comorbidity. 

T A B L E  1  (Continued)
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T A B L E  2  Univariate and multivariate Cox proportional hazards analyses of clinical factors for 90-day mortality in patients with a pancreatic 
head adenocarcinoma who received a pancreaticoduodenectomy

 

Univariate analysis Multivariate analysis

HR P value 95% CI aHRa P value 95% CI

Age (years)

<45 (ref.)

45-54 1.25 .300 0.82 1.92 1.28 .265 0.83 1.96

55-64 1.51 .039 1.02 2.24 1.40 .102 0.94 2.08

65-74 2.65 <.001 1.82 3.84 2.12 <.001 1.44 3.13

≥75 4.36 <.001 3.00 6.34 3.13 <.001 2.11 4.66

Gender

Female (ref.)

Male 1.13 .110 0.97 1.32 1.15 .073 0.99 1.34

Comorbidities

No comorbidity (ref.)

Diabetes 
mellitus

1.37 <.001 1.19 1.59 1.13 .126 0.97 1.33

Hypertension 1.74 <.001 1.49 2.03 1.17 .094 0.97 1.40

Pneumonia 1.26 .003 1.08 1.46 1.04 .622 0.89 1.22

COPD 1.70 <.001 1.46 1.98 1.35 .014 1.06 1.71

Hepatitis B 1.73 .044 1.04 1.99 1.76 .124 1.05 1.98

Hepatitis C 1.32 .109 0.94 1.84 1.29 .183 0.89 1.86

Myocardial 
infarction

1.93 .004 1.24 3.01 1.37 .173 0.87 2.17

CAD 1.44 <.001 1.24 1.68 0.92 .365 0.77 1.10

CVD 1.67 <.001 1.41 1.99 1.05 .754 0.78 1.40

Heart valve 
dysfunction

1.42 .007 1.10 1.83 1.13 .361 0.87 1.48

Sepsis 1.62 <.001 1.31 2.01 1.40 .003 1.12 1.74

CKD 1.65 <.001 1.38 1.98 1.29 .012 1.06 1.57

Heart failure 1.72 <.001 1.41 2.10 1.10 .391 0.88 1.37

Aortic 
aneurysm

1.72 .225 0.72 4.16 1.15 .752 0.47 2.82

Peripheral 
vascular 
disease

1.60 <.001 1.27 2.02 1.11 .385 0.87 1.42

Peptic ulcer 
disease

1.20 .018 1.03 1.40 1.05 .564 0.89 1.23

Dementia 2.19 <.001 1.63 2.94 1.42 .027 1.04 1.93

Chronic 
pulmonary 
disease

1.40 <.001 1.21 1.63 0.86 .191 0.68 1.08

Connective 
tissue 
disease

1.15 .329 0.87 1.53 0.91 .517 0.68 1.21

Mild liver 
disease

1.77 .049 1.06 1.89 1.73 .487 0.62 1.85

Hemiplegia 1.65 <.001 1.37 1.99 1.02 .908 0.75 1.38

(Continues)
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survival rates were 93.33% and 97.20% in those with mid-
dle and low comorbidity scores, respectively. The 90-day 
survival rate was 97.20% in those with low comorbidity 
scores, which was the highest (log-rank test, P = .016). The 
90-day survival rate in patients aged 45-64 years who had 
low (96.40%), middle (93.02%), and high (88.00%) comor-
bidity scores significantly differed (log-rank test, P = .004, 
Figure 2). The 90-day survival rates in elderly patients (65-
74 years old) with low, middle, and high comorbidity scores 
were 91.60%, 88.94%, and 81.08%, respectively (log-rank 
test, P  =  .013, Figure 3). The 90-day survival rates in el-
derly patients (≥75  years old) with low, middle, and high 
comorbidity scores were 87.10%, 83.00%, and 75.00%, re-
spectively (log-rank test, P  =  .018, Figure 4). Figures 1-4 
indicate that 90-day survival rates of patients with low co-
morbidity scores were superior to rates of those with middle 
and high comorbidity scores across different age groups. For 
the same comorbidity scores, survival rates were higher in 
younger patients (Table 3, Figures 1-4). Figures 1-4 demon-
strate that elderly patients with high comorbidity scores had 
higher 90-day mortality rates than younger patients with low 
comorbidity scores.

4 |  DISCUSSION

The prognosis of resection of an adenocarcinoma in the head 
of the pancreas remains poor even after undergoing a pancrea-
ticoduodenectomy with surgically negative margins.8,12,42-46 
Previous studies found high perioperative morbidity and mor-
tality rates for a pancreaticoduodenectomy, and the 30-day 
mortality rate of a pancreaticoduodenectomy in a previous 
series was approximately 4%.8,12,42-45,47 The 30-day mortality 
rates observed in previous studies are similar to our observa-
tions (ie, 4.12%). However, 90-day postoperative mortality is 
a more-legitimate measure of hepatopancreatobiliary surgical 
quality than is 30-day mortality.23 Moreover, 30-day mortal-
ity usually underestimates the risk of early death after major 
resections for malignancies.10,24,25 Therefore, we estimated the 
risk factors for 90-day, not 30-day, mortality after a pancrea-
ticoduodenectomy in patients with PHA. The 90-day mortal-
ity rate observed in our study was 8.39% and was double the 
30-day mortality after a pancreaticoduodenectomy for a PHA, 
which is compatible with results of Swanson et al10 In the mod-
ern era, a pancreaticoduodenectomy is also typically performed 

 

Univariate analysis Multivariate analysis

HR P value 95% CI aHRa P value 95% CI

Moderate or 
severe renal 
disease

1.43 .009 1.09 1.86 1.03 .850 0.77 1.37

Moderate or 
severe liver 
disease

1.00 .990 0.82 1.21 1.13 .305 0.89 1.43

Clinical AJCC stage

I (ref.)

IIA 1.19 .670 0.54 2.62 2.12 .176 0.71 6.28

IIB 1.27 .586 0.54 2.99 2.01 .162 0.64 4.08

III 1.31 .950 0.27 3.01 2.32 .956 0.10 4.93

Hospital-volume level

Very high (ref.)

High 1.04 .639 0.87 1.25 1.02 .848 0.85 1.22

Moderate 1.57 .229 0.79 1.91 1.29 .119 0.84 1.60

Low 1.37 .098 0.94 1.99 1.18 .400 0.81 1.72

Very low 1.40 .066 0.98 1.99 1.10 .610 0.76 1.60

Income level

Low (ref.)

Middle 1.00 .986 0.84 1.18 1.07 .480 0.89 1.29

High 0.61 .053 0.31 1.01 0.80 .050 0.64 1.00

Abbreviations: aHR, adjusted hazard ratio; AJCC, American Joint Committee on Cancer; AMI, acute myocardial infarction; CAD, coronary artery disease; CI, confi-
dence interval; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CVD, cerebrovascular disease; DM, diabetes mellitus; HR, hazard ratio; 
HTN, hypertension.
aAll of the variables of Table 1 were used in the multivariate analysis. 

T A B L E  2  (Continued)
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T A B L E  3  Age-stratified Cox proportional hazards model for the 90-days mortality risk associated with specific comorbidities in patients with 
pancreatic head adenocarcinoma receiving pancreaticoduodenectomy

Age (years) n Survival Death Death rate (%)

Univariate analysis Multivariate analysis

HR 95% CI P value aHRa 95% CI P value

<45

Low comorbidity 
score (0) (Ref.)

636 618 18 2.80            

Middle comorbidity 
score (1 or 2)

180 168 12 6.67 2.31 1.15-4.94 .020 1.23 1.06-4.32 .025

High comorbidity 
score (3 or 4)

0 0 0 N/A N/A N/A N/A N/A N/A N/A

45-64

Low comorbidity 
score (0) (Ref.)

2513 2398 115 4.60            

Middle comorbidity 
score (1 or 2)

1075 1000 75 6.98 1.55 1.16-2.07 .003 1.51 1.13-2.02 .005

High comorbidity 
score (3 or 4)

25 22 3 12.00 2.69 0.86-8.46 .091 2.12 1.03-7.31 .011

65-74

Low comorbidity 
score (0) (Ref.)

1309 1199 110 8.4            

Middle comorbidity 
score (1 or 2)

1175 1045 130 11.06 1.33 1.03-1.72 .027 1.36 1.05-1.75 .020

High comorbidity 
score (3 or 4)

37 30 7 18.92 2.40 1.12-5.16 .024 2.25 1.03-0.90 .042

≥75

Low comorbidity 
score (0) (Ref.)

620 540 80 12.90            

Middle comorbidity 
score (1 or 2)

859 713 146 17.00 1.35 1.03-1.77 .032 1.35 1.03-1.78 .033

High comorbidity 
score (3 or 4)

60 45 15 25.00 1.97 1.14-3.43 .016 2.07 1.19-3.62 .011

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; HR, hazard ratio.
aAll of the variables in Table 1 were used in the multivariate analysis. 

F I G U R E  1  Kaplan-Meier curves for 90-day survival after a 
pancreaticoduodenectomy in <45-year-old patients with different 
comorbidity scores
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for head-dominant chronic pancreatitis in patients who present 
with duodenal or biliary obstruction or an inflammatory mass 
in the head of the pancreas. In high-volume centers, a pancrea-
ticoduodenectomy results in pain relief in 70%-89%, morbid-
ity in 16%-53%, and late mortality in <2% of patients with 
chronic pancreatitis.48-50 Compared to early mortality from a 
pancreaticoduodenectomy for a PHA, the early mortality rate 
is higher than late mortality from a pancreaticoduodenectomy 
for chronic pancreatitis. Therefore, a PHA may be considered 
per se a risk for greater morbidity. A pancreaticoduodenectomy 
for a PHA is also more complicated than other surgical pro-
cedures in the general surgery field due to a longer anesthesia 
time, more postoperative morbidities, and longer intensive care 
unit or hospital stay durations.8,12,42-46 Although we could not 
determine whether there were individuals who underwent a 
pancreaticoduodenectomy with venous resection in our cohort, 
we used AJCC clinical stages to adjust for the degree of dif-
ficulty in the pancreaticoduodenectomy. In addition, studies of 

easily assessed preoperative clinical factors for predicting 90-
day mortality after a pancreaticoduodenectomy for a PHA are 
scarce. There is no age-comorbidity predicative scoring system 
for the high mortality rate of a pancreaticoduodenectomy in el-
derly patients with a PHA (Table 3). In our study, we used eas-
ily assessed preoperative clinical characteristics of patients with 
a PHA who received a pancreaticoduodenectomy to evaluate 
age comorbidity scores for predicting the early mortality rate.

In Table 1, the crude analysis of differences in demo-
graphics of patients with a PHA who received a pancreati-
coduodenectomy showed high 90-day mortality rates in 
elderly patients with a comorbidity, advanced AJCC stage, 
low hospital volume, and low income level. Unadjusted and 
risk-adjusted 90-day mortality rates were higher in patients 
of a geriatric age, with a higher clinical AJCC stage, with a 
lower income, and those who were operated on in a low-vol-
ume hospital, which are compatible with findings of previ-
ous studies, although the time points of mortality assessment 
differed in previous studies.10,11,19,51-53 Taiwan is defined as 
a developed country. In a comparison with data from other 
developed countries compatible with Taiwan, socioeconomic 
status influenced the likelihood of undergoing surgical treat-
ment for pancreatic cancer in other developed countries.54,55 
Moreover, sample sizes for comorbidities such as hepatitis 
C, aortic aneurysm, and connective tissue diseases were 
smaller than those for other comorbidities; hence, the crude 
analysis showed no statistical difference with or without the 
comorbidity.

Development of bile duct obstruction may contribute to 
poor outcomes, including cholangitis, delay in treatment 
including chemotherapy or curative surgery, a decreased 
quality of life, and higher mortality.56 A pancreatic ductal ad-
enocarcinoma has a dismal 5-year survival rate of only 6%, 
and biliary obstruction was correlated with decreased sur-
vival times.56 As many as 70% of patients have some degree 
of biliary obstruction at the time of their initial diagnosis with 
pancreatic cancer.57 Occurrences of bile duct obstruction 
were 69.94% and 69.99% in the death and surviving groups, 
respectively. Bile duct obstruction was defined as an indi-
vidual who underwent preoperative endoscopic retrograde 
cholangiography (ERCP), stents, percutaneous drainage, 
endoscopic ultrasound-guided biliary drainage, or surgical 
bypass combined with ICD-9 codes of jaundice. Bile duct 
obstruction had no statistical significance for 90-day mortal-
ity in our cohort. ERCP is regularly performed in Taiwanese 
facilities before a pancreaticoduodenectomy.

A standard pancreaticoduodenectomy for removing le-
sions from within the head or uncinate process of the pan-
creas is also called the “Whipple procedure.”58 A standard 
pancreaticoduodenectomy involves a distal gastrectomy 
with removal of the pancreatic head, duodenum, first 15 cm 
of the jejunum, common bile duct, and gallbladder.58 A mod-
ification of the standard procedure, a pylorus-preserving 

F I G U R E  2  Kaplan-Meier curves for 90-day survival after a 
pancreaticoduodenectomy in 45 to 64-year-old patients with different 
comorbidity scores
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F I G U R E  4  Kaplan-Meier curves for 90-day survival after a 
pancreaticoduodenectomy in ≥75-year-old patients with different 
comorbidity scores
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pancreaticoduodenectomy, preserves the gastric antrum, py-
lorus, and the proximal 2-3 cm of the duodenum, which is 
anastomosed to the jejunum to restore gastrointestinal con-
tinuity.59 A pylorus-preserving pancreaticoduodenectomy 
may decrease the incidence of postoperative dumping, mar-
ginal ulceration, and bile reflux gastritis that occur in many 
patients undergoing a partial gastrectomy, which is em-
ployed as part of the standard pancreatectomy technique.59 
A pylorus-preserving pancreaticoduodenectomy is not ap-
propriate if the tumor involves the proximal duodenum, py-
lorus, or gastric antrum.59 In this circumstance, a standard 
pancreaticoduodenectomy operation should be done. The 
available data suggest that for suitable cases, perioperative 
morbidity and mortality, and long-term survival are not af-
fected by the use of pylorus-preserving techniques.60,61 The 
impact of a pylorus-preserving approach on gastrointestinal 
function remains an open question.60,61 To the present, there 
is no study of 90-day mortality between standard and py-
lorus-preserving pancreaticoduodenectomies. We designed 
the endpoint of 90-day mortality based on curative-intent 
and radical removal of all pancreatic cancer whether using 
a standard or pylorus-preserving pancreaticoduodenectomy. 
Therefore, patients undergoing either a standard or pylo-
rus-preserving pancreaticoduodenectomy were enrolled in 
our cohort.

After conducting the multivariate Cox proportional haz-
ard analysis of clinical factors for 90-day mortality in patients 
with a PHA who received a pancreaticoduodenectomy, age 
subsets of 65-74 and ≥75  years, COPD, sepsis, CKD, and 
dementia were determined as independent risk factors (Table 
2). For patients with a PHA who received a pancreaticodu-
odenectomy, the aHR was higher for ≥75-year-old patients 
than for 65-74-year-old patients. These findings are compat-
ible with those of previous studies, which showed that old 
age is an independent risk factor for early mortality with a 
pancreaticoduodenectomy, but the cutoff points of age dif-
fered because time points of the mortality assessment which 
differed between our and previous studies.11,51,62

After adjustment, specific comorbidities such as CKD, 
sepsis, COPD, and dementia were determined to be inde-
pendent risk factors for 90-day mortality in patients with 
a PHA who received a pancreaticoduodenectomy (Table 
2). Previous studies also indicated that COPD, CKD, and 
sepsis were independent risk factors for early mortality in 
patients who received a pancreaticoduodenectomy.12,52,62,63 
In our study, preoperative factors that were associated with 
90-day mortality in the multivariate analysis included an 
older age, COPD, sepsis, CKD, and dementia. The major-
ity of these risk factors were associated with perioperative 
morbidity or mortality in previous studies on pancreatic 
resection results.12,52,62,63 Overall morbidity after a pancre-
aticoduodenectomy associated with 90-day mortality in-
cluded preoperative factors that are considered risk factors 

for superficial and deep surgical site infection, pneumo-
nia, unplanned intubation, renal insufficiency, and urinary 
tract infections.12,52,63-72 COPD is a crucial patient-related 
risk factor for postoperative pulmonary complications.64-66 
Preoperative CKD is associated with an increased risk of 
complications and respiratory failure after pancreatic resec-
tion.63 Moreover, preoperative sepsis clearly alters innate 
and adaptive immune responses for a prolonged duration 
after clinical recovery, and such alterations include immune 
suppression, chronic inflammation, and bacterial per-
sistence.67 Patients with a PHA and preoperative sepsis are 
susceptible to early mortality after a pancreaticoduodenec-
tomy.12,52 But sepsis might be related to cholangitis and di-
rectly associated with the pancreatic adenocarcinoma or a 
chronic preoperative comorbidity which could be difficult 
to clarify. We examined the covariate of sepsis, and out-
comes showed preoperative sepsis to be a significant factor 
for 90-day mortality after a pancreaticoduodenectomy as an 
easily assessed preoperative factor. Preoperative sepsis is 
an easily assessed preoperative factor; however, it might not 
be a chronic preoperative comorbidity. Similarly, previous 
studies also indicated that patients with preexisting demen-
tia exhibit a high risk of early mortality after surgery, and 
their incidence of fatal complications was higher than that 
of surgical patients without dementia,68-71 although surgery 
was not specifically a pancreaticoduodenectomy. Patients 
with preoperative dementia usually show low activity and 
poor self-sufficiency, which increase postoperative com-
plications, such as surgical site infection, urinary tract in-
fections, and respiratory complications.72 Ours is the first 
study on patients with a PHA who received a pancreati-
coduodenectomy, and the endpoint was 90-day mortality 
after surgery. The results indicate that obvious and easily 
assessed independent risk factors for predicting 90-day 
mortality in patients with a PHA receiving a pancreaticodu-
odenectomy are old age (≥65 years), COPD, CKD, sepsis, 
and dementia.

Other factors that were adjusted for in the multivariate 
analysis are listed in Table 2. These factors might be cru-
cial, although they showed no statistical significance in 
the multivariate analysis. These factors might be bias-se-
lected by physicians’ initial decision on surgical-intent for 
the patient with a PHA based on their experience, hospi-
tal volume level, and cancer clinical stage. The majority 
of patients with a PHA who received a pancreaticoduo-
denectomy were at clinical AJCC stages I (34.37%) and 
IIA (36.91%), while 24.77% and 3.86% of patients were at 
stages IIB and III (Table 1), respectively. Most surgeons 
consider stage III PHA to be an unresectable status with-
out surgical-intent treatment (Table 1). Surgeons at very-
low- and low-volume hospitals might have selected AJCC 
clinical stage I PHA cases for a pancreaticoduodenectomy 
rather than advanced-stage cases; hence, the clinical AJCC 
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stage and hospital volume were statistically insignificant 
after adjustment (Table 2).

We used an age-stratified Cox proportional hazard 
model to predict the 90-day mortality risk associated with 
specific comorbidity scores in patients who received a 
pancreaticoduodenectomy (Table 3). In patients with the 
same comorbidity score (whether low, middle, or high) and 
a PHA who received a pancreaticoduodenectomy, elderly 
patients showed a higher 90-day mortality rate than did 
younger patients (Tables 2 and 3, Figures 1-4). Moreover, 
within the same age interval, patients with a PHA who re-
ceived a pancreaticoduodenectomy with middle and high 
comorbidity scores showed higher 90-day mortality rates 
than those with lower comorbidity scores (Tables 2 and 3, 
Figures 1-4). These findings indicate that both age and spe-
cific comorbidity scores are independent risk factors for 
predicting 90-day mortality in patients with a PHA who 
received a pancreaticoduodenectomy. A 90-day mortality 
rate of 25% was observed in ≥75-year-old patients with 
high comorbidity scores (Table 3). Other alternative treat-
ments, such as biliary or gastric bypass, endoscopic stents, 
targeted therapy, and chemotherapy or chemoradiation, 
might be considered, because the mean survival time of 
all of those treatments exceeded 90 days.5,73-75 In Table 3, 
≥75-year-old patients with a PHA and middle and high co-
morbidity scores showed extremely high 90-day mortality 
rates. Whether the pancreaticoduodenectomy is effective 
in all patients with a PHA still remains unclear, especially 
for elderly patients with specific multiple comorbidities 
(Table 2). This aspect has been a challenge for physicians 
for a long time; hence, we attempted to establish predic-
tive scores to enable further discussion between physicians 
and patients before a pancreaticoduodenectomy. The easily 
assessed preoperative predictive system described in our 
study could be a valuable and useful tool for both physi-
cians and patients.

The strengths of our study are the inclusion of a very 
large cohort of patients with a PHA and the development 
of an easily assessed tool using preoperative characteris-
tics such as age comorbidity scores to predict the 90-day 
mortality for patients with a PHA who are to receive a 
pancreaticoduodenectomy (Table 3). In Tables 1 and 2, 
it is clear that surgeons selected patients with a PHA as 
affordable cases in their respective hospitals. However, 
although surgeons carefully selected patients, the 90-day 
mortality was still high (8.39%) in Taiwan; a very high 
90-day mortality rate was noted in some patients with a 
PHA in this study, especially in elderly patients with a PHA 
and moderate or high comorbidity scores (Table 3). Our 
results obtained using age-comorbidity predictive scores 
could be a valuable benchmark for selecting patients with 
a PHA who are to receive a pancreaticoduodenectomy with 
a high risk of 90-day mortality. Further discussion about a 

pancreaticoduodenectomy between the physician and pa-
tient is worthwhile for PHA patients who are elderly with 
high comorbidities scores. This tool can be a reference for 
future clinical practice and was designed for selecting indi-
cated patients in future trials.

This study has some limitations. First, as all of the 
patients with a PHA enrolled in this study were of Asian 
ethnicity, extrapolation of our findings to non-Asian 
populations might not be entirely suitable. Moreover, as 
pancreatic cancer in Asians may be clinically similar to 
pancreatic cancer in Caucasians, the goals of future re-
search on the disease might also be similar in these two 
ethnicities.76 The predictive scores still have clinical value 
as a pretreatment reference for a pancreaticoduodenectomy 
in patients with a PHA, whether patients are of Caucasian 
or Asian ethnicity. Second, diagnoses of all comorbidities 
were based on ICD-9-CM codes. However, to verify the 
accuracy of the diagnoses, the Taiwan Cancer Registry ad-
ministration randomly reviews charts and interviews pa-
tients and ensures that hospitals with outlier chargers or 
practices are audited and subsequently heavily penalized if 
malpractice or discrepancies are identified. Furthermore, 
the quality and precision of ICD-9-CM codes in Taiwan 
have been verified and proven in previous studies.35,36 
Therefore, the conclusions of the study can be accepted 
as valid. Nevertheless, to obtain accurate information on 
population specificity and disease occurrence, a large-
scale randomized trial that carefully compares selected 
elderly patients with multiple comorbidities who have re-
ceived suitable treatments is required. Finally, although 
informative, the TCRD lacks information such as that on 
dietary habits and the body-mass index, both of which 
may be risk factors for 90-day mortality in the context of a 
pancreaticoduodenectomy.

5 |  CONCLUSIONS

Elderly patients with a PHA and moderate or high comorbid-
ity scores have a high risk of 90-day mortality after a pan-
creaticoduodenectomy. Age-comorbidity predictive scores 
for 90-day mortality in patients with a PHA who receive a 
pancreaticoduodenectomy are easily assessed and are a valu-
able tool.
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