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Abstract
Background Con�icting data on the safety of pancreaticoduodenectomy (PD) for elderly patients exist.
Therefore, this study aimed to evaluate and compare the nutritional factors and clinical outcomes of PD
between elderly and non-elderly patients.

Methods A retrospective study of 122 consecutive patients who underwent PD from April 2008 to April
2020 was conducted. Preoperative and postoperative nutritional factors (prognostic nutritional index
[PNI]), complication rates, and survival rates were compared between the elderly (age ≥80 years) and
non-elderly (age <80 years) patient groups. Furthermore, changes in nutrition markers were evaluated
before surgery to 1 year after surgery. Data were analyzed using unpaired Student’s t-test, chi-squared test
with Fisher’s exact test, and log-rank test.

Results A total of 20 elderly patients (16.4%) and 102 non-elderly patients (83.6%) underwent PD. With
respect to preoperative factors, elderly patients had a signi�cantly lower PNI than non-elderly patients.
The duration of operation, amount of blood loss, postoperative complication rate, and incidence rate of
pancreatic �stula were similar between the two groups. At 3 months postoperatively, elderly patients had
a lower albumin level and PNI than non-elderly patients. The median length of hospital stay was
signi�cantly longer in the elderly group than in the non-elderly group (39.9 vs. 27 days, P=0.004). The rate
of death due to other diseases was relatively higher in the elderly group than in the non-elderly group.
Elderly patients had a signi�cantly lower overall survival rate than non-elderly patients (1-/3-/5-year
overall survival rates: 78.1%/26.7%/13.3% vs. 87.1%/54.4%/46.7%; log-rank test, P=0.008).

Conclusions Elderly patients had a lower nutritional status and lower survival rate than non-elderly
patients. Careful patient selection and optimal perioperative care are necessary to determine whether PD
is indicated for elderly patients.

Background
Pancreaticoduodenectomy (PD) offers a chance for cure in patients with pancreatic cancer involving the
head of the pancreas and other periampullary malignancies [1, 2]. Furthermore, PD is a valid treatment
option for selected patients with benign tumors and non-cancerous conditions, including chronic
pancreatitis. The overall morbidity and mortality associated with PD range from 45% to 52% [3, 4] and
from 0% to 5% [5-8], respectively.

The population of individuals aged >80 years is increasing globally, accounting for approximately 1% of
the total population, and it is predicted to increase four-fold by 2050 [9]. There will be an increasing need
to consider patients older than 80 years of age for PD, particularly for the treatment of pancreatic cancer,
for which the incidence increases with age [9].

The outcomes of PD have improved with better surgical techniques and postoperative care of patients [9].
However, performing this surgery in elderly patients is still a controversial issue. In many studies about
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PD, the elderly cohort accounted for a very small proportion of the study population. There may be
selection bias for the indication of PD. Compared to non-elderly patients, elderly patients are usually frail
and malnourished and have more common diseases.

The morbidity and mortality after PD are associated with malnutrition. Nutritional support may reduce
postoperative complications in patients undergoing PD [10]. A low preoperative albumin level has been
associated with an increased risk of morbidity and mortality in patients undergoing PD [11]. The
prognostic nutritional index (PNI) and platelet-to-lymphocyte ratio are useful prognostic indicators for
pancreatic cancer patients after PD [12]. However, the association between elderly age and nutrition
status is unclear during the perioperative period. There exist few reports on postoperative changes in
nutritional indexes in elderly patients.

This study aimed to evaluate and compare the nutritional factors and clinical outcomes of PD between
elderly (age ≥80 years) and non-elderly (age <80 years) patients as well as to examine the effect of PD
on changes in nutritional indexes to monitor patients during postoperative follow-up. As appropriate
preoperative evaluation of elderly patients will lead to their safe management, we investigated nutritional
parameters, including the albumin level, hemoglobin level, platelet count, lymphocyte count, and PNI,
before surgery to 1 year after PD [13].

Methods
Ethical statements

Patients were not required to provide informed consent for the study because the analysis used
anonymous data that were obtained after patients agreed to treatment by written consent. The ethics
committee of the Iwakuni Clinical Center approved the study protocol (approval number: 0138). This
study was performed in accordance with the protocols of the 1975 Declaration of Helsinki. 

Patients, data collections, and de�nitions

This retrospective study included 122 consecutive patients who underwent PD in the Department of
Surgery of the Iwakuni Clinical Center from April 2008 to April 2020.

We compared preoperative and postoperative nutritional factors, PNI, complication rates, and survival
rates between the elderly (age ≥80 years) and non-elderly (age <80 years) patient groups. Preoperative
blood samples were obtained within 2 weeks before surgery. The following preoperative patient data were
collected: sex, age, hypertension, diabetes, alcohol consumption, smoking, body mass index (BMI), use of
anticoagulants, indication for surgery, main pancreatic duct (MPD) diameter by preoperative computed
tomography or magnetic resonance cholangiopancreatography, blood transfusion, blood loss, operative
time, pancreaticojejunostomy technique, and tumor stage as per the Union for International Cancer
Control (UICC) classi�cation [14].
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As for nutritional assessment, perioperative time-dependent changes in the nutrition markers, including
the serum albumin level, hemoglobin level, lymphocyte count, and PNI score, were evaluated from before
surgery to 1 year after surgery (at 1 week, 1 month, 3 months, and 1 year postoperatively) and compared
between the two groups. PNI was calculated according to the following formula: 10×serum albumin level
(g/dL)+0.05×total lymphocyte count (per mm3).

Specimens were histopathologically identi�ed as and categorized into either malignant or benign tumor.
A microscopic positive margin (R1) was de�ned as the presence of a tumor at the surgical margin at the
time of histological examination.

Postoperative complications were graded according to the Clavien–Dindo classi�cation [10], which was
validated in pancreatic surgery. Grade 3 or 4 complications were considered as major. Pancreatic �stula
was diagnosed and graded in accordance with the International Study Group on Pancreatic Fistula
classi�cation [15, 16]. Perioperative mortality was de�ned as death within 30 days from operation or
during hospitalization. 

Operative procedure

Patients underwent subtotal stomach-preserving PD, which was performed by two surgeons who
specialized in pancreatic surgery. All operations were performed via an open approach, and the degree of
locoregional lymphadenectomy was determined according to the patient’s preoperative diagnosis.
Surgical reconstruction was performed using a modi�cation of the Child method [17]. The proximal
jejunal stump was passed through the retrocolic pathway, and pancreaticojejunostomy, biliojejunostomy,
and gastrojejunostomy were subsequently performed. Pancreaticojejunostomy was performed using the
modi�ed Kakita anastomosis (n=47; April 2008 to May 2013) or the modi�ed Blumgart anastomosis
(n=75; June 2013 to present) [18]. During the procedure, the surgeon decided whether plastic stents for
internal drainage needed to be inserted into the MPD. Two or three abdominal drains were placed
anteriorly or posteriorly to the pancreaticojejunostomy anastomosis and hepaticojejunostomy
anastomosis. 

Statistical analysis

Continuous data are expressed as mean±standard deviation. Statistical analyses were conducted using
unpaired Student’s t-test and chi-squared test with Fisher’s exact test. Overall patient survival was
evaluated using the Kaplan-Meier method and compared with the log-rank test. A P-value <0.05 was
considered statistically signi�cant. Statistical analysis was performed using JMP software version 9
(SAS Institute, Cary, NC, USA).

Results
Patients’ characteristics
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Patients’ clinicopathologic characteristics according to age are summarized in Table 1. Of the 122
patients who underwent PD, 20 (16.4%) were 80 years or older of age. The elderly group had more poor-
risk patients with respect to the American Society of Anesthesiologists (ASA) score (P=0.002). Elderly
patients were signi�cantly more likely to have cardiac disease including coronary artery disease and
arrhythmia than non-elderly patients (P=0.038). No signi�cant differences in sex, BMI, drinking history,
smoking history, and use of anticoagulants were found between the two groups. With regard to
pathologic results, all elderly patients undergoing PD had malignancy, whereas 78.4% of non-elderly
patients had malignancy (P=0.003). Furthermore, more elderly patients underwent R1 resection than non-
elderly patients (P=0.027).

Table 1 Clinicopathological characteristics of patients undergoing pancreaticoduodenectomy by age group
  Elderly group

(n=20)
Non-elderly group

(n=102)
P-

value
 Mean age (years) 83.1±2.9 66.8±9.7 <0.001
 Sex (male/female) 11/9 45/57 0.942
 BMI (kg/m2) 19.8±3.1 19.8±2.9 0.982
 ASA physical status grading system     0.002
 I 0 11  
 II 11 78  
 III 9 13  
Comorbidity      

  Hypertension 11 34 0.173
  Diabetes mellitus 4 27 0.535
  Cardiac disease 5 9 0.038
  Cerebral disease 2 10 0.978
 Indication for surgery     0.013
  Pancreatic cancer 7 41  
  IPMN 0 16  
  Bile duct cancer 9 16  
  Ampullary cancer 3 10  
  Duodenal cancer 0 5  
  Chronic pancreatitis 0 5  
  Gallbladder cancer 1 3  
  Others (AIP, NET, metastasis, and SCN) 0 6  
Malignant disease 20 (100) 80 (78.4) 0.003

 Drinking history 7 (35) 50 (49) 0.465
 Smoking history 9 (45) 55 (53.9) 0.889
 Use of anticoagulants 3 (15) 11 (10.8) 0.589
MPD diameter on preoperative CT or MRCP
(mm)

4.2±2.8 3.7±1.9 0.326

Preoperative laboratory data      
  Hemoglobin level (g/L) 11.1±1.7 12.5±1.6 <0.001
  Platelet count (×104/mm3) 21.2±1.6 22.9±0.7 0.327
  Total neutrophil count (/mm3) 3976±401 3492±178 0.272
  Total lymphocyte count (/mm3) 1165±391 1427±517 0.034
  Serum albumin level (g/dL) 3.3±0.6 3.9±0.5 <0.001
 CRP level 1.52±2.31 1.18±2.77 0.601
Nutrition marker      
 PNI 39.2±6.9 46.3±5.8 <0.001
 PLR 201.0±84.9 183.0±95.1 0.432

ASA: American Society of Anesthesiologists, BMI: body mass index, IPMN: intraductal papillary mucinous
neoplasm, AIP: autoimmune pancreatitis, CRP: C-reactive protein, CT: computed tomography, MRCP: magnetic
resonance cholangiopancreatography, MPD: main pancreatic duct, NET: neuroendocrine tumor, SCN: Serous
cystic neoplasm, PLR: platelet-to-lymphocyte ratio, PNI: prognostic nutritional index
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Values are presented as mean±standard deviation with 95% confidence interval or number of patients.

Operative outcomes

No signi�cant differences in intraoperative factors (surgical procedures, blood loss, operative time, and
transfusion) were noted between the groups (Table 2). Portal vein resection was performed in two
patients (10%), both of whom had pancreatic cancer.

Table 2  Intraoperative and postoperative outcomes of patients undergoing pancreaticoduodenectomy by age
group
  Elderly group

(n=20)
Non-elderly group

(n=102)
P-

value
Intraoperative outcome      
Pancreaticojejunostomy technique
(Kakita/Blumgart)

 
7/13

 
40/62

 
0.722

Portal vein resection 2 (10) 16 (15.7) 0.494
 Operative time (min) 472±82 487±112 0.576
 Blood loss (mL) 724±146 643±91 0.628
 Transfusion 5 (25)  21 (20.1) 0.665
 Microscopic positive margin  8 (40) 13 (16.3) 0.027
Postoperative outcomes      
 POPF     0.854
  Grade A 3 (15) 24 (23.5)  
  Grade B 6 (30) 27 (26.5)  
  Grade C 1 (5) 4 (3.9)  
 POPF ≥B 7 (35) 31 (30.4) 0.688
 Clavien–Dindo classification     0.948

 0 5 (25) 33 (32.3)  
 I 3 (15) 17 (16.7)  
 II 1 (5) 8 (7.8)  
 IIIa or IIIb 10 (50) 41 (40.1)  
IV 1 (5) 3 (2.9)  

Clavien–Dindo classification ≥III 11 (55) 44 (43.1) 0.331
UICC stage     0.554

   0 0 (0) 1 (1.3)  
 I 4 (20) 23 (28.8)  

   II 13 (65) 44 (55)  
 III 1 (5) 8 (10)  

   IV 2 (10) 4 (5)  
 Duration of in-hospital stay (days) 39.9±28.5 27±14.8 0.004
 Postoperative chemotherapy 7 (35) 51 (50) 0.216
  Postoperative adjuvant chemotherapy in patients with
pancreatic cancer

4 (57) 36 (80) 0.182

Perioperative mortality 1 (5) 3 (2.9) 0.636
Cause of death
Cancer specific/other

 
9/6

 
32/14

 
0.498

POPF: postoperative pancreatic fistula, UICC: Union for International Cancer Control
Values are presented as mean±standard deviation with 95% confidence interval or number of patients.

Postoperative outcome

Postoperative complications are presented in Table 2. There was no signi�cant difference in
complications and major complications (Clavien–Dindo classi�cation ≥III) between the groups. The
incidence of postoperative pancreatic �stula (POPF) was similar between the groups. The duration of in-
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hospital stay was signi�cantly longer in the elderly group than in the non-elderly group (P=0.004). UICC
staging distribution was not signi�cantly different between the groups (P=0.554). One patient (5%) died
within 90 days after surgery in the elderly group. There was no signi�cant difference in the mortality rate
between the groups (P=0.636). The rate of postoperative adjuvant chemotherapy for pancreatic cancer
was lower in the elderly group than in the non-elderly group, although this was not signi�cant (4 [57.1%]
vs. 36 [80.0%]; P=0.208).

Change in nutritional indexes

The preoperative albumin level and PNI were signi�cantly lower in the elderly group than in the non-
elderly group (Table 2). No differences in the preoperative hemoglobin level and platelet count were
observed between the groups. The change in nutritional indexes examined before and after surgery is
shown in Fig. 1a–f. Compared to the non-elderly group, the elderly group showed signi�cant decreases in
the lymphocyte count before surgery; albumin level before surgery and at 1 week, 1 month, 3 months, 6
months, and 1 year postoperatively; and PNI before surgery and at 3 months postoperatively. Those
results may indicate that elderly patients had little protein reserves and impaired immune defenses
compared to non-elderly patients.

Long-term survival

The median overall survival was 17.5 months in the elderly group and 45.7 months in the non-elderly
group. Additionally, the 1-, 3-, and 5-year survival rates were 78.1%, 26.7%, and 13.3%, respectively, in the
elderly group and 87.3%, 54.4%, and 46.7%, respectively, in the non-elderly group. Elderly patients had a
signi�cantly lower overall survival rate than non-elderly patients (log-rank test, P=0.008) (Fig. 2). When
the population was categorized according to malignant tumors, including pancreatic cancer, bile duct
cancer, ampullary cancer, and gallbladder cancer, survival did not signi�cantly differ between the groups
(P=0.099) (Fig. 3). The median overall survival times were 17.5 months for the elderly patients with
malignant tumors and 30.0 months for the non-elderly patients with malignant tumors.

Causes of death

We also analyzed the causes of death. Of 20 elderly patients, nine died of disease recurrence, whereas six
died of other causes. Of 102 non-elderly patients, 32 died of disease recurrence, whereas 14 died of other
causes. The rate of death due to other causes was higher in the elderly group than in the non-elderly
group, although this was not signi�cant (6 [30.0%] vs. 14 [13.7%]; P=0.072). Other causes of death
included pneumonia in six patients; myocardial infarction in three patients; sepsis from abdominal
abscess in three patients; cholangitis in two patients; malnutrition in two patients; other cancer in one
patient; and unknown in two patients.

Discussion
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There have been an increasing number of publications reporting on the outcomes of PD in patients aged
80 years and older instead of younger patients [3, 8, 19-22]. A systematic review and meta-analysis
indicated that compared to younger patients, elderly patients had a two-fold increased mortality rate [23].
The cause of death was more related to patients’ comorbidities or non-speci�c surgical complications
than other causes [9]. In our study, elderly patients had signi�cantly more cardiac disease than non-
elderly patients. The cause of death was more related to patients’ comorbidities or non-speci�c surgical
complications in elderly patients than in non-elderly patients, although this was not signi�cant. This
�nding suggests that poor functional status, such as one’s nutritional status and medical comorbidities,
rather than age alone contributes to the increased postoperative mortality in elderly patients.

The morbidity associated with PD that is related to speci�c and non-speci�c surgical complications
remains high. A systematic review showed that patients aged 80 years or older were 1.5 fold more likely
to have a complication than their younger counterparts [23]. However, with regard to complications
including POPF and operative factors, we found no differences between the groups, which is in line with
�ndings reported in other published studies [21, 24, 25]. Our experience shows that PD can be performed
safely in elderly patients.

The long-term survival between patients aged >80 years and younger patients was noted in several
previous studies. There appears to be a major variation in survival after PD in these studies, which may
be related to the inclusion of different pathologies in the analysis [6, 26]. Other studies have reported a
higher mortality associated with PD in patients aged 80 years and older, which often re�ects the higher
ASA status [9, 27]. In our study, overall survival was signi�cantly decreased in elderly patients, as
compared to that in non-elderly patients. Additionally, overall survival was decreased in elderly patients
treated for a malignant tumor, although this was not signi�cant, because more elderly patients underwent
R1 resection than non-elderly patients, and had lower induction of postoperative adjuvant chemotherapy
by delay recovery after PD than non-elderly patients, though not signi�cant. A reduction in survival among
elderly patients may be related to the age-related predicted lower life expectancy of those aged 80 years
and older. The average life expectancy is increasing worldwide, with men and women aged 80 years and
older being expected to live for another 10 years; furthermore, the life expectancy of people aged 65 years
is double that of those aged 80 years and older.

In several studies, the length of hospital stay was not different between the elderly and younger groups
[24, 27, 28]. It should be noted that elderly patients were far more likely than younger patients to be
discharged to a rehabilitation facility instead of home [29, 30]. In this study, the length of hospital stay
was signi�cantly longer in the elderly group than in the non-elderly group; nonetheless, the postoperative
complication rate was similar between the two groups. This �nding may be re�ective of fewer
rehabilitation facilities in our rural region than in an urban region.

The nutritional assessment of our study showed that there was a signi�cant decrease in the albumin
level, PNI, and delay of recovery after PD in elderly patients compared to non-elderly patients. At 3 months
after PD, PNI was signi�cantly lower in the elderly group than in the non-elderly group. However, Miyazaki
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et al. reported that with regard to the change in PNI during the postoperative period, there was no
difference between elderly patients (>70 years) and younger patients, although the de�nition of elderly
patients in their study was different from that in our study [31]. Yamashita et al. reported that there was
no signi�cant difference in changes in the serum albumin level at 3 months after PD between the elderly
patients (>75 years) and younger patients, but the recovery of the serum prealbumin level from 1 to 3
months after PD in patients aged >75 years was signi�cantly delayed compared to that in younger
patients [32]. Furthermore, we assessed the change in nutritional status in the long term. At 1 year after
PD, the albumin level was signi�cantly lower in elderly patients than in non-elderly patients. Elderly
patients carry the risk for a prolonged recovery or malnutrition. Nevertheless, there was no difference
between the groups with respect to other nutritional and immune markers in elderly patients; thus, further
analysis is necessary.

Elderly patients have a lower physiologic reserve than younger patients do [33]. Moreover, this decrease is
more likely to be related to the higher incidence of comorbidities in elderly patients than in younger
patients. Recently, the enhanced recovery after surgery (ERAS) program has been reported to be safe and
contributed to decreasing total complication rates and length of hospital stay in the hepatobiliary �eld
[34, 35]. The underlying principle of the ERAS program is a multimodal perioperative protocol to attenuate
the in�ammatory response and potentiate patient rehabilitation after surgery [36, 37]. The adaptation of
the ERAS program may be effective in elderly patients to prevent decline in nutritional status and
activities of daily living after surgery.

Considering the poor survival bene�t of elderly patients, it is essential to carefully select candidates for
PD among elderly patients based on strict indications. Our results may be in part explained by a selection
bias: we excluded patients with a very high surgical risk (ASA 4), especially those with cardiovascular or
pulmonary disease, from PD. However, there are currently no clear guidelines indicating the appropriate
selection of elderly patients for PD.

The present study has some limitations attributable to its small sample size and the inherent nature of
retrospective analysis. Prospective cohort studies conducted at multiple institutions should be performed
to con�rm our study results.

Conclusions
Although age seems to be associated with an increase in mortality, it does not appear to be prohibitive
and somewhat re�ects a higher grade of pre-existing comorbidities and low nutritional status. Careful
selection of elderly patients for PD based on their preoperative status, including their nutritional status,
should guide surgical decision making for this patient population.

List Of Abbreviations
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PD, pancreaticoduodenectomy; PNI, prognostic nutritional index; BMI, body mass index; MPD, main
pancreatic duct; UICC, Union for International Cancer Control; ASA, American Society of Anesthesiologists;
POPF, postoperative pancreatic �stula; ERAS, enhanced recovery after surgery
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Figures

Figure 1

Change in nutritional indexes before and after surgery. a Hemoglobin level, b platelet count, c albumin
level, d lymphocyte count, e platelet-to-lymphocyte ratio (PLR), f prognostic nutritional index (PNI)
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Figure 2

Overall survival curves for all the study population comparing elderly patients undergoing
pancreaticoduodenectomy with the non-elderly patients. The median overall survival was 17.5 months in
the elderly group and 45.7 months in the non-elderly group. Additionally, the 1-, 3-, and 5-year survival
rates were 78.1%, 26.7%, and 13.3%, respectively, in the elderly group and 87.3%, 54.4%, and 46.7%,
respectively, in the non-elderly group. Elderly patients had a signi�cantly lower overall survival rate than
non-elderly patients (log-rank test, P=0.008)
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Figure 3

Overall survival curves comparing elderly patients undergoing pancreaticoduodenectomy for malignant
tumors with the non-elderly group. Overall survival did not signi�cantly differ between the groups
(P=0.099). The median overall survival times were 17.5 months for the elderly patients with malignant
tumors and 30.0 months for the non-elderly patients with malignant tumors.


