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Aim: The growing elderly population is facing an increasing risk of cancers, consequently raising the pancreatic cancer surgery rate.
This study aimed to determine whether advanced age is a risk factor for morbidity and mortality following pancreaticoduodenectomy
(PD) for periampullary tumors.
Materials and Methods: The present study included 90 patients who underwent PD for periampullary tumors. Patients were divided into
two age-related groups, including those aged 60–74 years (n = 60) (Group 1) and those aged≥75 years (n = 30) (Group 2). Each patient’s
characteristics, perioperative features, morbidity, and long-term results were evaluated retrospectively.
Results: In both univariate and multivariate logistic regression analyses, old age (≥75 years) was not a risk factor for morbidity and
hospital mortality. The multivariate analysis demonstrated that male gender (p = 0.008), pancreatic duct diameter (<3 mm) (p< 0.001),
and length of hospital stay (p = 0.005) were independent risk factors for pancreatic fistula post-operation and reoperation. Additionally,
hospital mortality was significantly associated with reoperation (p = 0.011). The overall median survival was 27 ± 4.1 (18.8–35.1)
months. Lymph node positivity (p< 0.001), neural tumor invasion (p = 0.026), and age≥75 years (p = 0.045) were risk factors affecting
the overall survival rate. Moreover, there was no statistically significant difference in terms of PD rates during the Coronavirus disease-19
(COVID-19) period among groups, and PD during this period was not related to the occurrence of pancreatic fistula.
Conclusion: PD can be performed effectively in selected elderly patients with tolerable morbidity and mortality rates.
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Introduction
Advancements in research and healthcare have led to an in-
crease in average lifespan, age, and life expectancy globally
[1,2]. Nevertheless, there has been an increase in digestive
system cancers, especially pancreatic cancer, attributed to
environmental, dietary, and genetic factors [3]. Pancreatic
cancer in periampullary tumors is associated with a poor
prognosi, including a five-year survival rate ranging from
2–11%, mainly due to delayed diagnosis, molecular hetero-
geneity, and resistance to systemic treatment [3,4,5]. The
annual incidence of pancreatic cancer has increased in re-
cent decades. In 2022 alone, approximately 62,210 new di-
agnoses were reported among adults in the USA, resulting
in 49,830 deaths across genders [6].
Pancreaticoduodenectomy (PD) is a complex surgical tech-
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nique primarily used to remove periampullary tumors or
masses [5,6,7]. However, the Coronavirus disease-19
(COVID-19) pandemic has recently affected world, espe-
cially in the health field, with highly damaging results. In
this period, there have been delays in cancer diagnosis and
treatment due to restricted public access [8,9]. Patients gen-
erally prefer to attend low- or medium-volume centers for
pancreatic surgery due to financial concerns, long waiting
lists at high-volume centers (over 28 cases per year), the
prevalence of low-volume intensive care units, high hospi-
tal occupancy rates, and the impact of the COVID-19 pan-
demic [10,11,12,13,14]. However, research suggests that
low-volume centers have increased morbidity and mortality
(11.4–14.5% mortality) rates in the elderly [14]. Further-
more, Bathe et al. [15] reported that those aged ≥75 years
have a mortality rate of 25% compared to only 3.7% for
those aged <75 years. Therefore, this study aimed to iden-
tify whether old age represents a risk factor for morbidity
and mortality following PD for periampullary tumors.
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Materials and Methods
Patients and Methodology
This multidisciplinary study was conducted at our hospital
from August 2010 to August 2021. A total of 90 patients
who had been curatively treated for periampullary tumors,
including cancers of the head and uncinate of the pancreas,
distal choledochal, and ampulla of Vater without metastasis,
were enrolled in the study. The study retrospectively evalu-
ated clinical and perioperative findings as well as long-term
survival. The patients were divided into two groups, one
comprising those aged 60–74 years (n = 60) (Group 1) and
another with those aged ≥75 years (n = 30) (Group 2).

Inclusion and Exclusion Criteria
This study included patients diagnosed with periampullary
area tumors who underwent PD, were >18 years of age,
and had normal hemodynamic parameters. The exclusion
criteria included the identification of metastasis in the pre-
operative evaluation and lack of follow-up or if operated on
at another hospital.

Assessment of the COVID-19 Infection
All patients underwent the COVID-19 polymerase chain
reaction (PCR) test during the preoperative period of the
COVID-19 pandemic. The surgery was postponed in pa-
tients who tested positive for the COVID-19 test in PCR or
thoracal computed tomography (CT). Subsequently, those
patients underwent PD two weeks after a negative COVID-
19 PCR test. Symptomatic patients underwent the COVID-
19 PCR test or thorax CT in the postoperative period.

Surgery Management
Following general anesthesia, most patients underwent di-
rect laparotomy. Laparoscopy was performed in patients
with distant metastasis or peritoneal cancer. After abdom-
inal entry, PD was performed in the absence of metastasis
in the liver, splenic hilum, or pelvis (Fig. 1).

Volume Center, Postoperative Care, Anticoagulation, and
Follow-up
Over five years, we consistently conducted over 15 pan-
creaticoduodenectomies (PDs) annually, with the number
of cases steadily rising each year. Following PD, all pa-
tients were transferred to the intensive care unit (ICU) for
comprehensive monitoring of vital signs, and early postop-
erative drainage was performed. Oral feeding was initiated
after the gastrointestinal tract functions resumed. Drainage
amylase levels were measured for pancreatic fistula three
days postoperatively. Pancreatic fistula after the operation
(PFAO) was managed according to the pancreatic fistula
grade. All patients were discharged with low-molecular-
weight heparin during the first postoperative month. Sub-
sequent follow-up appointments were scheduled at three-
month intervals during the first year postoperatively, fol-
lowed by visits every six months thereafter in the outpatient
clinic.

Chemotherapy and Radiotherapy
Adjuvant therapy aims to prevent long-term disease re-
currence and provide prolonged survival. Various stud-
ies have investigated different adjuvant treatment modal-
ities, including bolus 5-fluorouracil (5FU), gemcitabine,
5FU/folinic acid, gemcitabine/capecitabine, S-1 (tega-
fur), modified 5FU/irinotecan/oxaliplatin (mFOLFIRI-
NOX), and gemcitabine/nab-Paclitaxel, either alone or in
combination with radiotherapy [16,17]. In the current
study, chemotherapy, the application method, and the dos-
ing schedule for adjuvant or palliative purposes were de-
cided post-surgery [18]. No patient in this study received
preoperative palliative radiation.

Statistical Analysis
The Kolmogorov-Smirnov test was used to investigate
whether the normal distribution assumption was met. Cat-
egorical data were expressed as numbers (n) and percent-
ages (%), while quantitative data were given as mean ±
standard deviation (SD) or median (min-max), where ap-
plicable. Student’s t-test was used to compare mean differ-
ences between age groups, and the Mann-Whitney U test
was applied for comparisons involving non-normally dis-
tributed data. Pearson’s χ2 test was used to analyze quali-
tative data unless otherwise specified. In 2× 2 contingency
tables comparing categorical variables, the Continuity cor-
rected χ2 test was used when one or more cells had an ex-
pected frequency of 5–25; otherwise, Fisher’s exact test was
used when one or more cells had an expected frequency of
5 or less. For all R× C contingency tables comparing cate-
gorical variables, the Fisher Freeman Halton test was used
when ¼ or more of the cells had an expected frequency
of 5 or less. Associations between patients’ demographic
and clinical characteristics with main outcomes (i.e., pan-
creatic fistula, reoperation, and hospital mortality) were as-
sessed using univariate logistic regression analyses to de-
termine statistical significance. Multiple logistic regression
models were constructed to determine the best independent
predictor(s) of the main outcomes. Variables with a uni-
variable test p-value of <0.25 were considered candidates
for the multivariable model. Odds ratios (OR) and 95%
confidence intervals (CI) were calculated for each indepen-
dent variable. Univariate Cox proportional hazard regres-
sion models were generated to determine which factor(s)
affect overall survival (OS). The Multiple Cox proportional
hazard regression model was then employed to identify the
most influential independent predictor(s) of OS. Variables
with a univariable test p-value of <0.25 were accepted as
candidates for the multivariable model. Hazard ratios (HR)
and 95% confidence intervals (CI) were also obtained. Data
were analyzed with IBM SPSS Statistics version 25 (IBM
Corporation, Armonk, NY, USA). A p-value of less than
0.05 was considered statistically significant.
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Fig. 1. Pancreaticoduodenectomy specimen.

Results
Patient Characteristics, Diagnosis, and Perioperative
Findings

Out of the 134 total patients, 90 were enrolled in the study,
with 44 excluded for failing to meet the inclusion criteria
(unsuitable age, follow-up, or inadequate clinical/operative
features). The median age was 69 (63.75–75) years (p
< 0.001). Of these, 33 (36.7%) were female and 57
(63.3%) were male, with no significant gender difference
(p = 0.486). The prevalence of comorbidities was similar
across groups, with the most common being hypertension
(48.8%), diabetes mellitus (33.3%), and coronary artery
disease (12.2%). Bodymass index (BMI) values were com-
parable between groups (p > 0.999). The ASA score in
the elderly group was significantly higher compared to their
younger counterparts (p < 0.001) (Table 1).
The most common diagnoses were pancreas head cancer
(43.3%), ampulla of Vater tumors (28.9%), and distal chole-

dochal tumors (18.9%) (p = 0.903). The median follow-
up was 13.2 (0.07–150.6) months, with a notably longer
follow-up period observed in Group 1 compared to Group
2 [25.1 (0.07–150.6) vs. 8 (0.16–67.1)]. The prolonged
follow-up occurred because those aged 75 years and above
underwent surgery later in the study period (p = 0.008) (Ta-
bles 1,2).
There is a numerical difference between the two groups in
our study (n = 60 vs n = 30). The leading cause of this
distinction is that the PDs performed during the COVID-19
period decreased, resulting in a reduced sample size in the
elderly group.

Preoperative Laboratory, Histopathological Features, and
Treatment Protocol

The median preoperative carcinoma-embryogenic antigen
(CEA) and carbohydrate antigen 19-9 (CA19-9) levels
were 3.2 (0.6–57.9) µg/L and 57.5 (0–12,000) U/mL (p >
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Table 1. Patient’s characteristics and perioperative features.

Total (n = 90)
Group 1 Group 2

p value
(60–74 years) (n = 60) (≥75 years) (n = 30)

Gender (F/M) (%) 33 (36.7)/57(63.3) 24 (40.0)/36 (60.0) 9 (30.0)/21 (70.0) 0.486†
Body mass index (kg/m2) 28 (26–28) 27 (20–35) 27 (18–40) 0.612‡
Comorbidity 52 (58.4) 34 (57.6) 18 (60.0) >0.999†
ASA <0.001¶

2 36 (40.0) 31 (51.7) 5 (16.7)
3 56 (58.9) 29 (48.3) 24 (80.0)
4 1 (1.1) - 1 (3.3)

ASA>3 54 (60.0) 29 (48.3) 25 (83.3) 0.003†
Diagnosis 0.903¶

Pancreas head 39 (43.3) 25 (41.7) 14 (46.7)
Ampulla Vatery 26 (28.9) 18 (30.0) 8 (26.7)
Distal Choledochal 17 (18.9) 11 (18.3) 6 (20.0)
Duodenum 6 (6.7) 5 (8.3) 1 (3.3)
Pancreas uncinate 2 (2.2) 1 (1.7) 1 (3.3)

Pancreas tissue nature 0.551¥
Soft 32 (35.6) 19 (31.7) 13 (43.3)
Hard 27 (30.0) 19 (31.7) 8 (26.7)
Normal 31(34.4) 22 (36.7) 9 (30.0)

Pancreatic anastomosis 0.629¶
Wirsungojejunostomy 67 (74.4) 46 (76.7) 21 (70.0)
Dunking pancreatojejunostomy 22 (24.4) 13 (21.7) 9 (30.0)
Blumgart anastomosis 1 (1.1) 1 (1.7) -

Growth in culture 28 (31.1) 19 (31.7) 9 (30.0) >0.999†
Preoperative biliary drainage 49 (54.4) 31 (51.7) 18 (60.0) 0.600†
Length of the hospital stay 17.5 (11–25.25) 19.5 (15.7–30) 19 (13–30.5) 0.861‡
Operation in the COVID-19 period 15 (16.6) 7 (11.6) 8 (26.6) 0.134†
Positive COVID-19 test in postop. 1 (1.1) - 1 (3.3) N/A
Operation time (min) 325 (300–420) 320 (300–420) 320 (300–420) 0.458‡
Portal vein resection or repair 5 (5.6) 5 (8.3) - 0.165§
Pancreatic duct diameter 3 (2.88–6) 3 (2–4.5) 4 (3–9) 0.071‡

<3 mm 50 (55.6) 37 (61.7) 13 (43.3) 0.154†
Octreotide 29 (32.2) 19 (31.7) 10 (33.3) >0.999†
Internal stent 44 (48.9) 30 (50.0) 14 (46.7) 0.941†
Postop pancreatitis 8 (8.9) 3 (5.0) 5 (16.7) 0.078§
Number of the removed LN 15 (2–43) 15 (3–43) 10 (2–24) 0.038‡
Percutaneous drainage 9 (10.3) 7 (12.1) 2 (6.9) 0.712§
Reoperation 18 (20.0) 14 (23.3) 4 (13.3) 0.402†
Curative resection 83 (92.2) 55 (91.7) 28 (93.3) >0.999§
Follow up (month) 13.2 (0.07–150.6) 25.1 (0.07–150.6) 8.0 (0.1–67.1) 0.008‡
Complication

Surgical site infection (SSI) 28 (31.1) 17 (28.3) 11 (36.6) 0.573†
Superficial SSI (sSSI) 15 (16.6) 8 (13.3) 7 (23.3) 0.368†
Deep SSI 13 (14.4) 9 (15.0) 4 (13.3) >0.999§
Pancreas fistula 35 (38.9) 26 (43.3) 9 (30.0) 0.320†
Grade A 20 (22.2) 14 (23.3) 6 (20.0)
Grade B 6 (6.7) 4 (6.7) 2 (6.7)
Grade C 9 (10.0) 8 (13.3) 1 (3.3)
Hemorrhage 9 (10.0) 8 (13.3) 1 (3.3) 0.262§
Clavien & Dindo ≥3A 29 (32.2) 19 (31.7) 10 (33.3) >0.999†

ASA,American Society of Anesthesiologists; Clavien&Dindo, Clavien andDindo complication classification; F/M, Female/Male;
sSSI, Superficial surgical site infection; COVID-19, Coronavirus disease-19; LN, Lymph node.
† Continuity correceted χ2 test; ‡ Mann Whitney U; ¶ Fisher Freeman Halton test; ¥ Pearson’s χ2 test; § Fisher’s exact test; N/A:
Not applicable. Bold words of p value is statistical significant.
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Table 2. Diagnosis, histopathological finding and treatment protocols in groups.

Total (n = 90)
Group 1 Group 2

p value
(60–74 years) (n = 60) (≥75 years) (n = 30)

Laboratory
CEA (µg/L) 3.2 (0.6–57.9) 3.4 (0.6–11.4) 2.9 (0.9–57.9) 0.558†
CA19-9 (U/mL) 57.5 (0–12,000) 41.5 (1.0–4253.0) 170 (0–12,000) 0.073†
Neutrophil to lymphocyte ratio 245 (19–4522) 226.0 (19.0–4522.0) 296.0 (109.0–2825.0) 0.056†
Platelet to lymphocyte ratio 15,136 (3958–82,000) 14,318.5 (3958.0–62,609.0) 16,291.5 (7956.0–82,000.0) 0.238†
Total bilirubin (mg/dL) 3.0 (0.2–29.8) 2.1 (0.2–27.4) 3.3 (0.3–29.8) 0.611†
Albumin (mg/dL) 3.4 (2.4–30.8) 3.5 (2.5–29.6) 3.1 (2.4–30.8) 0.054†

Histopathological features (n) (%) 0.898¶
Adenocarcinoma 72 (80.0) 50 (83.3) 22 (73.3)
NET 3 (3.3) 2 (3.3) 1 (3.3)
Carcinoma in situ 4 (4.4) 2 (3.3) 2 (6.7)
Chronic pancreatitis 4 (4.4) 2 (3.3) 2 (6.7)
IPMN 3 (3.3) 2 (3.3) 1 (3.3)
Others * 4 (4.4) 2 (3.3) 2 (6.7)

Malignancy rate (%) 77 (85.5) 54 (90) 23 (76.6) 0.205¥
TNM staging 0.007¶

In situ or benign 13 (14.4) 6 (10.0) 7 (23.3)
1 27 (30.0) 23 (38.3) 4 (13.3)
2 41 (45.6) 23 (38.3) 18 (60.0)
3 7 (7.8) 7 (11.7) -
4 2 (2.2) 1 (3.3)

T 0.397¶
0 13 (14.4) 6 (10.0) 7 (23.3)
1 5 (5.6) 3 (5.0) 2 (6.7)
2 42 (46.7) 28 (46.7) 14 (46.7)
3 26 (28.9) 20 (33.3) 6 (20.0)
4 4 (4.4) 3 (5.0) 1 (3.3)

Lymph node positivity 40 (44.4) 24 (40.0) 16 (53.3) 0.330¥
Metastasis 2 (2.2) 1 (1.7) 1 (3.3) >0.999§
Tumor grade 0.923#

Well 30 (38.0) 20 (37.0) 10 (40.0)
Moderate 31 (39.2) 22 (40.7) 9 (36.0)
Poor 18 (22.8) 12 (22.2) 6 (24.0)

Lymphovascular invasion 37 (41.1) 23 (38.3) 14 (46.7) 0.596¥
Nerve invasion 42 (46.7) 27 (45.0) 15 (50.0) 0.823¥
Treatment protocol

Gemcitabine 31 (36.5) 25 (43.9) 6 (21.4) 0.075¥
Folfirinox 15 (17.6) 13 (22.8) 2 (7.1) 0.128§
Gemcitabine and Folfirinox 11 (12.9) 10 (17.5) 1 (3.6) 0.092§
Cisplatin, paclitaxel, oxaliplatin 10 (11.8) 8 (14.0) 2 (7.1) 0.486§
Capecitabine 11 (12.9) 6 (10.5) 5 (17.9) 0.493§

Radiotherapy 21 (24.1) 16 (27.1) 5 (17.9) 0.500¥
Hospital mortality 10 (11.1) 6 (10.0) 4 (13.3) 0.726§

CEA, carcinoma-embryogenic antigen; CA19-9, carbohydrate antigen 19-9; IPMN, Intraductal papillary mucinous neoplasm; NET, Neu-
roendocrine tumor; TNM, tumor node metastasis. * Reactive hyperplasia, Schwannoma/Granulomatosis disease, † Mann Whitney U test,
¶ Fisher Freeman Halton test, ¥ Continuity corrected χ2 test, § Fisher’s exact test, # Pearson’s χ2 test. Bold words of p value is statistical
significant.

0.05), respectively (Table 2). Furthermore, no significance
was observed in neutrophil-to-lymphocyte ratio, platelet-
to-lymphocyte ratio, total bilirubin, or albumin levels (p >

0.05).

The histopathological examination showed 80% adenocar-
cinoma, 4.4% carcinoma in situ, and 4.4% chronic pancre-
atitis (p = 0.898). The malignancy rate was 85.5% in all pa-
tients (p = 0.205). The median of clinical stage and T-score
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Table 3. Assessment of the risk factors on the pancratic fistula, reoperation, and multivariate logistic regression analysis.
Univariate Analysis Multivariate Analysis

OR
95% CI for OR

p-value OR
95% CI for OR

p-value
Lower Upper Lower Upper

Pancreatic Fistula
Age >75 years 0.560 0.220 1.425 0.224 0.469 0.121 1.819 0.273
Gender (Male) 3.586 1.342 9.584 0.011 5.909 1.593 21.914 0.008
ASA score 0.650 0.282 1.499 0.312 - - - -
Co-morbidity (>1) 1.833 0.761 4.413 0.177 1.549 0.483 4.974 0.462
Malignancy 0.306 0.100 0.939 0.038 0.217 0.044 1.078 0.062
Elevated Bilirubin account (>2 mg/dL) 1.689 0.693 4.116 0.249 2.160 0.608 7.670 0.233
Location of tm / pancreas head 1.000 - - - - - - -

Ampulla Vatery 0.847 0.301 2.382 0.753 - - - -
Distal common biliary duct 0.873 0.267 2.856 0.822 - - - -
Duodenum 3.200 0.521 19.668 0.209 - - - -
Uncinate 1.600 0.093 27.547 0.746 - - - -

Anastomosis type / Wirsungo-jejunostomy 1.000 - - - - - - -
Dunking / External catheter 2.659 1.009 7.010 0.048 2.173 0.605 7.808 0.234

Operation during the Covid-19 period 1.469 0.481 4.488 0.500 - - - -
Pancreatic duct diameter (≤3 mm) 25.770 4.158 159.728 <0.001 10.657 2.640 43.018 <0.001
Pancreatic tissue nature 0.276 0.051 1.478 0.133 0.388 0.105 1.435 0.156
Length of hospital stay 1.095 1.032 1.162 0.003 1.064 1.019 1.112 0.005

Univariate Analysis Multivariate Analysis

OR
95% CI for OR

p-value OR
95% CI for OR

p-value
Lower Upper Lower Upper

Reoperation
Age >75 years 0.505 0.151 1.697 0.269 - - - -
Gender (Male) 0.665 0.233 1.898 0.446 - - - -
ASA score 0.767 0.279 2.104 0.606 - - - -
Co-morbidity (>1) 2.609 0.909 7.486 0.075 2.474 0.666 9.196 0.176
Malignancy 0.323 0.099 1.056 0.062 0.395 0.086 1.811 0.232
Elevated Bilirubin account (>2 mg/dL) 0.750 0.264 2.132 0.589 - - - -
Location of tumor / pancreas head 1.000 - - - - - - -

Ampulla Vatery 0.435 0.106 1.790 0.249 - - - -
Distal common biliary duct 1.389 0.385 5.005 0.615 - - - -
Duodenum 0.667 0.069 6.470 0.727 - - - -
Uncinate N/A N/A N/A N/A - - - -

Anastomosis type / Wirsungo-jejunostomy 1.000 - - - - - - -
Dunking / External catheter 3.040 1.022 9.041 0.046 2.279 0.565 9.199 0.247

Pancreatic duct diameter (≤3 mm) 5.286 1.408 19.845 0.014 8.202 1.439 46.735 0.018
Pancreatic tissue nature 1.144 0.363 3.602 0.818 - - - -
Length of hospital stay 1.079 1.032 1.129 <0.001 1.087 1.036 1.141 <0.001

OR, Odds ratio; CI, Confidence interval; ASA, American Society of Anesthesiologists; N/A, Not applicable.
Bold words of p value is statistical significant.

were 2 (1–2) and 2 (2–3), respectively. Elderly patients
exhibited the highest tumor, lymph node, and tumor node
metastasis (TNM) staging in the two groups (p = 0.007).
The lymph node positivity, metastasis, tumor grade, lym-
phovascular invasion, and nerve invasion were similar be-
tween the two groups (p > 0.05) (Table 2).
Most patients received gemcitabine-based chemotherapy
agents (36.5%) in adjuvant chemotherapy, with no statis-
tically significant in groups (p > 0.05).

Morbidity and COVID-19 Infection

There was no significant difference in the total complica-
tion rate between the two groups. The surgical site infec-
tion (SSI) rate was 31.1% (28.3% in Group 1 vs. 36.6% in
Group 2). Patients with superficial SSI (16.6%) received
wound care with medical agents or in hospital beds. How-
ever, patients with deep SSI were taken into the ICU, with
or without surgery, depending on the underlying factors.
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Table 4. Assessment of the risk factors on hospital mortality and overall survival via logistic and Cox’s proportional hazard
regression analysis.

Univariate Analysis Multivariate Analysis

OR
95% CI for OR

p-value OR
95% CI for OR

p-value
Lower Upper Lower Upper

Hospital mortality
Age >75 years 1.385 0.359 5.335 0.636 - - - -
Gender (Male) 0.538 0.144 2.020 0.359 - - - -
ASA (>3) 1.638 0.394 6.804 0.497 - - - -
Malignancy 0.159 0.040 0.642 0.010 0.131 0.016 1.087 0.060
Operation during the Covid-19 period 0.524 0.061 4.474 0.555 - - - -
Tissue nature (soft) 4.333 0.521 36.040 0.175 6.892 0.576 82.394 0.127
Duration of operation 0.996 0.986 1.005 0.376 - - - -
Albumin 0.535 0.134 2.136 0.376 - - - -
Neutrophil to lymphocyte ratio 1.000 0.999 1.001 0.454 - - - -
Hematocrit 0.961 0.813 1.137 0.645 - - - -
Reoperation 28.000 5.191 151.020 <0.001 23.731 2.039 276.265 0.011
Hemorrhage 5.286 1.080 25.865 0.040 2.339 0.181 30.183 0.515
Pancreatic duct diameter (≤3 mm) 3.619 0.723 18.113 0.117 0.562 0.060 5.246 0.613
Pancreatic fistula grade 1.777 0.994 3.179 0.053 0.983 0.464 2.079 0.964

Univariate Analysis Multivariate Analysis

HR
95% CI for HR

p-value HR
95% CI for HR

p-value
Lower Upper Lower Upper

Overall survival
Age >75 years 2.312 1.237 4.322 0.009 2.219 1.016 4.846 0.045
Gender (Male) 1.016 0.542 1.902 0.962 - - - -
ASA score 1.406 0.764 2.590 0.274 - - - -
CA19-9 * 1.000 1.000 1.000 0.564 - - - -
Albumin 1.075 0.985 1.174 0.106 1.060 0.955 1.176 0.276
Operation during the Covid-19 period 0.913 0.276 3.024 0.882 - - - -
TNM Staging 1.667 1.183 2.349 0.004 0.647 0.255 1.640 0.359
T score 1.403 1.028 1.913 0.033 1.187 0.596 2.360 0.626
Lymph node positivity 4.161 2.151 8.050 <0.001 6.633 2.350 18.722 <0.001
Metastasis 3.657 0.481 27.792 0.210 2.190 0.137 34.894 0.579
Lymphovascular invasion 2.434 1.313 4.515 0.005 0.506 0.201 1.272 0.147
Neural invasion 2.391 1.297 4.408 0.005 2.356 1.108 5.010 0.026
Tumor differentiate grade 1.997 1.285 3.105 0.002 1.291 0.804 2.074 0.290
Chemotherapy 0.757 0.415 1.379 0.363 - - - -
Gemcitabine 0.858 0.449 1.637 0.641 - - - -
Folfirinox 0.642 0.268 1.541 0.321 - - - -
Folfirinox and gemcitabine 0.620 0.220 1.750 0.367 - - - -
Cisplatin or paclitaxel or Ox 1.141 0.477 2.730 0.767 - - - -
Capecitabine 1.474 0.648 3.353 0.355 - - - -
Radiotherapy 1.250 0.647 2.416 0.506 - - - -

OR, Odds ratios; HR, Hazard ratios; CI, Confidence intervals; ASA, American Society of Anesthesiologists; CA19-9, Carbohydrate
antigene 19-9.
* The effect of each 100-unite increase in pre-operative.
Bold words of p value is statistical significant.

The total pancreatic fistula rate was 38.9%, with 22.2%
classified as grade A, 6.7% as grade B, and 10% as grade C
in all patients (p = 0.320). A total of 26 grade A or B PFAO
were treated with endoscopic or percutaneous drainage in

nine patients, octreotide agent in 17 patients, and only
follow-up in 16 patients. For grade C PFAO (9 cases, 10%)
four patients underwent external Wirsung-ostomy, four un-
derwent ligated arteries or branches of pancreatic vessels,
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and a Bogota bag was placed in 1 patient. Moreover, 29
(32.2%) patients received an octreotide agent during the pe-
rioperative period. Among the 90 patients, five experienced
massive hemorrhages, excluding those with grade C PFAO
who underwent laparotomy for bleeding. Additionally, 29
patients (32.2%) had complications classified as grade 3 or
higher according to the Clavien-Dindo classification rate
[19], and the classification rate of ≥3 was ordinary in both
groups (p > 0.05) (Tables 1,2).
The multivariate logistic regression analysis investigated
the combined effects of potential factors on the develop-
ment of pancreatic fistula, considering variables with p-
values < 0.25 from univariate analyses and those deemed
clinically significant. As a result of multivariate logistic
regression analysis, it was determined that the most influ-
ential factors for the development of pancreatic fistula are
pancreatic duct diameter ≤3 mm, prolonged hospital stay,
and male gender. Regardless of other factors, a pancreatic
duct diameter of ≤3 mm continued to increase the proba-
bility of pancreatic fistula development statistically signif-
icantly (OR = 10.657, 95% CI: 2.640–43.018, p < 0.001).
Additionally, prolonged hospital stay (OR = 1.064, 95%
CI: 1.019–1.112, p = 0.005) and male gender (OR = 5.909,
95% CI: 1.593–21.914, p = 0.008) increased the probability
of fistula development statistically after adjusting for other
factors (Table 3).
Regarding reoperation, univariate statistical analysis reop-
eration revealed that operation types (dunking or external
catheter application), pancreatic duct diameter of ≤3 mm,
and prolonged hospitalization were found to be statistically
significant (p < 0.05).
After conducting univariate statistical analyses, multivari-
ate logistic regression analysis investigated the combined
effects of all possible factors affecting reoperation. All vari-
ables found to be p < 0.25 as a result of univariate statis-
tical analyses and assumed to be clinically significant were
included in the regression model as candidate risk factors.
The results of the multivariate logistic regression analy-
sis revealed that the most influential factors on reoperation
were prolonged hospital stay and a pancreatic duct diameter
of ≤3 mm. An increased hospital stay (OR = 1.087, 95%
CI: 1.036–1.141, p < 0.001) and pancreatic duct diameter
≤3 mm (OR = 8.202, 95% CI: 1.439–46.735, p = 0.018)
continued to increase the probability of statistical signifi-
cance independent of factors. During the COVID-19 pe-
riod, we performed surgery on 15 cases (16.6%), with seven
cases (11.6%) in Group 1 and eight cases (26.6%) in Group
2 (≥75 years) (p = 0.134). One patient tested positive for
COVID-19 two weeks after the operation. The patient was
an 83-year-old man who received medical treatment and
was successfully discharged after two weeks (Table 3).

Hospital Mortality

Hospital mortality occurred in 10 patients (11.1%) postop-
eratively within the first 30 days. The main causes of hos-

pital mortality were sepsis due to grade C PFAO or massive
hemorrhage (affecting seven patients, 7.7%), lung or acute
renal failure (two patients, 2.2%), and acute myocardial in-
farction (one patient, 1.1%). Multivariate logistic regres-
sion analysis was conducted to investigate the combined ef-
fects of all potential factors on hospital mortality, based on
the results of univariate statistical analyses. All variables
found to be p < 0.25 as a result of univariate statistical
analyses and thought to be clinically significant were in-
cluded in the regression model as candidate risk factors. As
a consequence of multivariate logistic regression analysis,
reoperation was the most significant factor associated with
in-hospital mortality. The probability of hospital mortal-
ity continued to increase statistically in patients who under-
went reoperation, regardless of other factors (OR = 23,731,
95% CI: 2.039–276.265, p = 0.011) (Table 4).

Overall Survival

In the current study, 44 deaths (48.8%) were recorded after
a median follow-up of 13.2 months (range: 50.07–150.6
months). The median overall survival rate for all patients
was 27 ± 4.1 (18.8–35.1) months, and the cumulative pro-
portions of one-, three-, and five-year survival without hos-
pital mortality were 97.5%, 76.2%, and 48.5%, respec-
tively. Meanwhile, the cumulative proportions of one-,
three-, and five-year survival with hospital mortality were
87.7%, 68.5%, and 43.7%, respectively. The median over-
all survival rate of patients aged 60–75 years (44 ± 11.03
(22.3–65.6) months) was significantly higher than for el-
derly patients (12 ± 1.6 (8.7–15.2) months) (log-rank, p =
0.007) (Fig. 2).

Fig. 2. Kaplan-Meier curve for overall survival in groups.

The univariate analysis examined factors affecting overall
survival and found that age ≥75 years (p = 0.009), TNM
staging (p = 0.004), T score (p = 0.033), lymph node pos-
itivity (p < 0.001), lymphovascular invasion (p = 0.005),
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neural invasion (p = 0.005), and differential tumor grade (p
= 0.002) were statistically significant. Finally, multivari-
ate analysis showed that lymph node positivity (HR: 6.633,
95% CI: 2.350–18.722, p < 0.001), tumor neural invasion
(HR: 2.356, 95% CI: 1.108–5.010, p = 0.026), and age (≥
75 years) (HR: 2.219, 95% CI: 1.016–4.846, p = 0.045)
were the independent factors affecting the overall survival
rate (Table 4).

Discussion
Pancreatic cancer is the second most common digestive
system cancer, presenting as an insidious, late-diagnosed,
initially synchronous tumor with an aggressive course and
resistance to chemotherapy and a high risk of recurrence
and metastasis [3,4,16,17,18]. The average annual percent
changes in pancreatic cancer incidence have increased over
the past two decades, now ranking fourth among all cancers
for its death rates across age groups [5,6].
The expanding elderly population is predicted to signifi-
cantly affect surgical practice, and there has been a 25–
30% increase in general surgeries performed over the past
two decades, coinciding with a consistent increase in the
number of geriatric cancers [1,7]. Despite the PD or Whip-
ple procedure representing a curative treatment modality
in periampullary tumors, this procedure is accompanied by
high morbidity and mortality rates [7,10,11]. In elderly pa-
tients, the rate of dramatic complications may be double,
even when surgeries are performed at high-volume cen-
ters. PFAO, reoperation, and bleeding are themost common
postoperative complications of PD. The PFAO rate varies
from 13% to 45%, influenced by various factors including
center proficiency, tissue characteristics, vascular supply,
tumor location, pancreatic duct diameter, body mass in-
dex (BMI), intra-abdominal hemorrhage, residual pancre-
atic tissue volume, preoperative nutrition status, and sur-
geon and center experience [12,13,14]. Facility experience
or volume is essential, and van der Geest et al. [12] de-
scribed the effect of its volume as follows: low-volume cen-
ters have <15 PDs per year, medium-volume have 15–28
PDs, and high-volume have >28 PDs.
PFAO can lead to life-threatening complications such as
intra-abdominal hemorrhage and sepsis, with a hospital
mortality rate as high as 25% for grade B and C patients
[19,20]. Despite advanced suture and operation techniques
to reduce PFAO, the rate of pancreatic fistula remains high
[7,21]. Chen et al. [21] detected a total complication rate
of 39.6%, PFAO rate of 20.1%, severe complication rate of
16.8%, and reoperation rate of 4% in patients aged over 65
years, demonstrating that aging is a significant risk factor
for serious postoperative complications following pancre-
atic resection. Moreover, they supported more careful pa-
tient selection criteria for surgery. Melis et al. [22], mean-
while, detected a total morbidity rate of 68% in octoge-
narians, with comparable 30-day mortality and survival to
those observed in non-elderly patients, concluding that PD

may be offered to carefully selected octogenarians. Simi-
larly, Makary et al. [23] reported complications in 53% of
very elderly patients, with pancreatic fistula in 21%, and
reoperation in 5.6%. Elsewhere, Liang et al. [24] pre-
sented a major complication rate of 41% and a grade B or
C PFAO rate of 21% in elderly patients undergoing laparo-
scopic PD (LPD), indicating increased postoperative com-
plications compared to younger patients. However, for an
aging population undergoing PD, LPD might have advan-
tages over open PD [24]. The current study exhibited a total
complication rate of 61.1%, with most complications being
minor, such as superficial surgical site infection (28.8%)
and grade A PFAO (22.2%). Major complications included
gradeB or C PFAO (10%) and hemorrhage (10%). We iden-
tified male gender, pancreatic duct diameter (<3 mm), and
length of hospital stay as risk factors for PFAO. Aside from
affecting the postoperative morbidity as a reoperation, pan-
creatic duct diameter (<3 mm) and length of the hospital
affected the likelihood of patients requiring reoperation as
independent risk factors.
The COVID-19 pandemic has negatively affected health
systems globally [25]. Pancreatic surgery frequently re-
quires a careful preoperative diagnosis, oncology council,
third-level ICU admission, and prolonged hospitalization.
Furthermore, in complicated patients, hospitalization times
can increase. While the precise impact of the COVID-19
pandemic on high-volume pancreatic cancer surgery cen-
ters remains unclear, it may cause significant disruptions in
activity in some centers [26]. Despite slight delays in pan-
creatic surgeries during the restriction period, we proceeded
with pancreatic cancer surgeries in the present study. Con-
sequently, half of the elderly patients (15 cases) underwent
PD during the COVID-19 pandemic. COVID-19 affected
only one patient, with no mortality attributed to the virus.
According to existing literature, mortality may oc-
cur following PD due to multiple risk factors, in-
cluding patient characteristics, perioperative conditions,
and the experience of the surgeon or medical center
[7,12,18,21,22,23,24]. PFAO is a significant risk factor,
with hospital mortality rates for grade B and C patients as
high as 25% [7,19]. Various studies have reported a mortal-
ity rate of 1.6–2.5 times greater in elderly patients who un-
derwent pancreatic surgery, particularly notable in the cen-
tralization of procedures in high-volume hospitals [12,13].
In addition, Chen et al. [21] reported higher postoperative
mortality rates in elderly patients versus non-elderly pa-
tients (5.5% vs. 0.9%). Melis et al. [22] showed that, com-
pared to non-elderly groups, elderly patients had a signifi-
cantly greater hospital mortality rate (4% vs 0.6%). More-
over, they found that the median survival time was 17.3
months in elderly patients. Meanwhile, Liang et al. [24]
reported a 90-day mortality of 10% in patients who under-
went open PD. Additionally, Adham et al. [27] showed
that elderly patients exhibited higher postoperative mortal-
ity rates (12.9% vs. 3.9%) after pancreatic resection. Fur-
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thermore, Bathe et al. [15] showed that elderly patients
had a higher hospital mortality rate (25%) and required ex-
tended treatment in the surgical ICU postoperatively. How-
ever, long-term survival was comparable between the two
age groups. They suggested that curative resection for pe-
riampullary tumors is effective in appropriately selected el-
derly patients. The present study observed a hospital mor-
tality rate of 11.1% (10% in Group 1 vs. 13.3% in Group
2), consistent with existing literature. Multivariable statis-
tical analysis showed that reoperation was the most impor-
tant independent risk factor for hospital mortality. More-
over, the overall median survival was 27± 4.1 (18.8–35.1)
months following amedian follow-up of 13.5 months for all
patients. Age >75 years, lymph node positivity, and neu-
ral invasion were significant factors influencing long-term
survival according to the multivariable analysis.
There were some limitations to the present study. First, this
was a retrospective study with a small sample size. Second,
there was heterogeneity among the operating surgeons, with
PD performed by different senior surgeons. Finally, PD
performed in elderly cases was commonly achieved during
the latter half of the study period.

Conclusion
Medical advancements have led to increased lifespans and
life expectancies. The present study concluded that PD can
be effectively performed with tolerable morbidity and mor-
tality rates in appropriate elderly patients.
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