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ABSTRACT

Objective: To evaluate the complications, mortality, and survival rates of patients aged >70 years undergoing pancreaticoduodenec-
tomy, and to determine associated risk factors.

Study Design: Descriptive study.

Place and Duration of the Study: General Surgery Clinic of Eskisehir Osmangazi University Medical Faculty Hospital, Eskisehir,
Turkiye, from January 2014 to September 2020.

Methodology: A retrospective scrutiny of 94 patients who had undergone pancreaticodueodenectomy, was carried out. The patients
were separated into two age groups of younger and older than 70 years, and were compared in respect of clinicopathological charac-
teristics, comorbidities, perioperative characteristics, and complications. Independent risk factors for the endpoints of perioperative
mortality and survival were investigated.

Results: No significant difference was determined between the groups in respect of biochemical values, and perioperative and histo-
chemical characteristics. Comorbidities were present at a higher rate in the older patients (77.8% vs. 38.8%, p<0.001). The postopera-
tive complication rates were similar (33.3% vs. 32.7%, p=0.944). Perioperative mortality (first 30 days) was determined at a signifi-
cantly higher rate in the older age group (20.0% vs. 4.1%, p=0.016). The age of patients >70 years increased the risk of mortality
4.851-fold but was not an independent predictive factor (p=0.086). The groups were similar in respect of disease-free survival (DFS) and
overall survival (OS, Log-rank p=0.780, p=0.386). Age [Hazard Ratio (HR): 1.029, p=0.048] and pancreas adenocarcinoma (HR: 1.846,
p=0.028) were determined to be independent prognostic factors for DFS, and pancreas adenocarcinoma (HR 1.940, p=0.023) for OS.
Conclusion: Older age was not seen to change survival in patients undergoing pancreaticoduodenectomy, but mortality within the first
30 days was affected. Age is not accepted as an absolute contraindication. It is recommended that pancreaticoduodenectomy is
performed on patients aged >70 years with careful patient selection, prudent preoperative preparation, a meticulous surgical tech-

nique, and close multidisciplinary postoperative support.
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INTRODUCTION

As a result of advances in healthcare services and healthcare
technology, the mean life expectancy is increasing and there is
now a greater proportion of elderly individuals in the total popu-
lation than in the past.' The mean life expectancy in Turkiye is
78.6 years for the whole population; 75.9 years for males and
81.3yearsforfemales.”
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Although some malignancies reach a peak in a certain age
range, the incidence of pancreas adenocarcinoma and other
periampullary region tumours increases with increasing age.’
Pancreaticoduodenectomy is accepted as the most compli-
catedabdominalsurgicalprocedureandremainsthemosteffec-
tive treatment option since many chemotherapeutic attempts
for pancreas head and periampullary region carcinomas have
shown disappointing results. With the advances made in surg-
icaltechniquesand patientcare, early mortality rates of pancre-
aticoduodenectomy have fallen from 30-40% to <5% in high-
-volume centres.**

Together with increasing life expectancy, surgeons now
encounter more elderly candidates for pancreaticoduodenec-
tomy. The natural poor prognosis of the disease, the compli-
cated surgical procedure, and the comorbidity status of elderly
patients complicate the surgeon’s decision to recommend the
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surgical option for elderly patients. Conflicting results have
been reported of the early morbidity and mortality results and
long-term survival of elderly pancreaticoduodenectomy
patientsin developedregionssuchasthe USA, Western Europe,
andJapan. The data from developing countries such as Turkiye,
are extremely limited.®® The aim of this study was to evaluate
the effect of age onthe complications, mortality, and survival of
patientsundergoing pancreaticoduodenectomy.

METHODOLOGY

Aretrospective investigation of the data of patients, who under-
went pancreaticoduodenectomy in the General Surgery Clinic
of Eskisehir Osmangazi University Medical Faculty Hospital
betweenJanuary 2014 and September2020, was carried out for
pancreatic and periampullary region tumours. Patient’s data
were retrieved from the hospital database and patient files. All
the patientsincludedin the study were aged >18 years and had
undergone pancreaticoduodenectomy. The study exclusion
criteria were defined as treatment with surgical methods other
than pancreaticoduodenectomy, neoadjuvant chemotherapy,
R2 resection, or the presence of distant metastasis. As the
average life expectancy in Turkiye is 78.6 years, patients aged
=70 years were compared with patients aged <70 years.’
Approval for the study was granted by the Eskisehir Osmangazi
University Medical Faculty Ethics Committee (decision no: 03,
dated: 04.05.2021).

Forthepatientsinbothagegroups, arecord of followed parame-
terswasmade;age, gender, preoperativebiliary stenting (endo-
scopicretrogradecholangiopancreaticography[ERCP]/percuta-
neous transhepatic cholangiography [PTC]), preoperative
biochemical values (total bilirubin, carbohydrate antigen 19.9
(CA19.9), carcinoembryonic antigen (CEA), albumin), and
comorbidities. In addition to the most frequently seen comor-
bidities of diabetes mellitus (DM), hypertension (HT), and coro-
nary artery disease (CAD), the status of neurological, pulmo-
nary, and vascular comorbidities was also considered. The local
tumour depth (T), lymph node metastasis (N), R status, and
histologicaltype of malignancy werealsoincludedintheevalua-
tions. The postoperative length of stay in hospital, periopera-
tive transfusion requirement, need for reoperation, complica-
tions, and costs were examined.

Acomplication wasdefined asthe emergence of any postopera-
tive surgical or systemic complication. Surgical complications
included bleeding, intra-abdominal abscess, and pancreatic
fistula (PF). In accordance with the International Study Group of
Pancreatic Fistula, PF was defined as drain amylase value 3-fold
higherthan the serum amylase value after the 3" postoperative
day. Bleeding was accepted as positive in any bleeding situa-
tion which needed an intervention or change in treatment.
Intraabdominal abscess was defined as the formation of an
abscess in the abdomen detected on imaging methods or with
reoperation.

The primary endpoint of perioperative mortality (within the first
30 days) and the secondary endpoint of survival status (dis-

ease-free survival and overall survival) were compared
between the two age groups of patients =70 years and <70
years. Independent risk factors were investigated using multi-
variateanalysis.

In all cases, the pancreaticoduodenectomy was performed as
previously described by Krausch-Whipple. Hepatoduodenal
andparaportallymphnodedissectionwas performed. Thesupe-
rior mesenteric vein was used as a landmark between the
pancreas head and corpus, and the pancreas was divided at this
level. When the tumour was seen to continue in the pancreas
corpus macroscopically or on frozen section, the pancreatec-
tomy was expanded and cases in which total pancreatectomy
was performed were excluded from the study. Pancreaticoen-
tericanastomosis was made in the form of Cattel-Warren ducto-
jejunostomy, with hepaticoenteric anastomosis and antecholic
gastroenteric anastomosis performed on the continuation of
the same enteric loop. Postoperative follow-up of the patients
included biochemical tests and computed tomography exami-
nations. Adjuvant chemotherapy was recommended by the
Oncology Clinicforallthe patients.

Data obtained in the study were analysed statistically using
SPSS version 25.0 software (SPSS Inc., Chicago, IL, USA).
Conformity of numerical variables to normal distribution was
examined with visual methods (histogram and probability
graphs) and analytical methods (Kolmogorov-Smirnov/
Shapiro-Wilk tests). Descriptive statistics were stated as mean
+ standard deviation (SD), or median, minimum-maximum
values for continuous variables and as number (n) and percen-
tage (%) for categorical variables. Student’s t-test was applied
to data with normal distribution, Mann Whitney U test was used
for data not showing normal distribution and Pearson’s Chi-
square test was used for categorical data. A value of p<0.05
was accepted as statistically significant.

Univariate and multivariate logistic regression models were
used in the determination of risk factors for mortality in the first
30 days postoperatively. Disease-free survival (DFS) and
overall survival (OS) were calculated with the Kaplan-Meier
method. The Log-Rank test was applied in the analysis of
survival curves. Cox regression analysis was used in the deter-
mination ofindependent predictive factorsfor DFSand OS.

RESULTS

Evaluation was made of a total of 94 patients, separated into
twoagegroupsas49(52.12%)aged <70yearsand 45 (47.87%)
aged =70 years. The median age of the patients was 64.00
years (range, 37-70 years) in the younger group and 74.00
years (range, 71-84 years) intheoldergroup.

The patient characteristics and comorbidities are presented in
Table I. Gender distribution was similar in both age groups. No
significant difference was determined between the groups in
respectofpreoperative biliary stenting (ERCP/PTC) or preopera-
tive biochemical values (CA19.9, CEA, albumin, total bilirubin).
Comorbidities were significantly more common in the older
patients (=70years, p<0.001).
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Table I: Patients’ characteristics, comorbidities and perioperative data, complications and mortality.

=70 Age n: 49 (52.12%) >70 Age n: 45 (47.87%) p-value*

Age® 64,00 (37 - 70) 74 (71 - 84)
Gender (male) 0,558

Male 28 (57.1 %) 23 (51.1 %)

Female 21 (42.9 %) 22 (48.9 %)
Comorbidity <0.001

Present 19 (38.8 %) 35 (77,8 %)

Not present 30 (61.2 %) 10 (22.2 %)
2 and more comorbidities 0.024

2 and more 12 (24,5 %) 21 (46.7 %)

0 or 1 comorbidity 37 (75.5 %) 24 (53.3 %)
DMe 8(16.3 %) 16 (35.6 %) 0.033
HT® 18 (36.7 %) 23 (51.1 %) 0.160
Coronary artery diseases® 6 (12.2 %) 6(13.3 %) 0.874
Neurologic comorbities® 1(2.0 %) 2 (4.4 %) 0.605
Pulmoner comorbities® 2 (4.1 %) 3 (6.7 %) 0.668
Vascular comorbities® 0 (0.0 %) 2 (4,4 %) 0.226
Preoperative biliary stenting (ercp/ptc) 25 (51.0 %) 25 (55.6 %) 0.660
Preoperative Total bilirubin? 3.19 (0,14 - 23.13) 2.32 (0.09 - 26.9) 0.961
Preoperative CA 19.92 82.58 (0.20 - 10000.0) 103.0 (0.20 - 4505) 0.464
Preoperative CEA? 3.18 (0.60 - 25.2) 3.83(1.18 - 914.0) 0.428
Length of stay? 13 (3-38) 14,5 (2 - 45) 0.202
Coste 21015.29 + 8023.58 23051.36 +8753.19 0.242 (-5472.64 to 1400.50)¢
Perioperative Transfusion® 21 (42.9 %) 26 (57.8 %) 0.148
reoperation® 5(10.2 %) 2 (%4.4) 0.438
Complication® 16 (32.7 %) 15 (33.3 %) 0.944
Bleeding® 2 (4.1 %) 2 (4.4 %) >0.99
intraabdominal abscess® 4 (8.2 %) 3 (6.7 %) >0.99
Pancreatic fistula® 9 (28.1 %) 11 (42.3 %) 0.258
T3-4° 18 (36.7 %) 11 (25.0 %) 0.223
B 41 (83.7 %) 24 (53.3 %) 0.001
R1P 15 (31.3 %) 10 (22.7 %) 0.359
Pancreas Adenocarsinoma® 30 (61.2 %) 28 (62.2 %) 0.921
First 30-day mortality 0.016

Present 2 (4.1 %) 9 (20.0 %)

Not present

47 (95.9 %)

36 (80.0 %)

aMedian (min-max), Present “Mean + standard deviation, “95% confidence interval of difference, *Mann Whitney U test, Pearson’s Chi-square test,

independent samples t-test.

Table IlI: predictive factors of first 30 days mortality, univariate and multivariate logistic regression analysis.

Univariate p Multivariate p 0Odds ratio 95% CI for Odds ratio

Age 0.029 0.086 4.851 0.800 to 29.39

Gender 0.535

Comorbidity 0.284 0.826 1.202 0.233t0 6.195
Preoperative total bilirubin 0.495

CA19.9 0.998

Transfusion 0.749

Complication 0.116 0.112 3.0.80 0.769 to 12.33
Reoperation 0.825

R status 0.480

T3-4 status 0.126 0.212 0.247 0.028 to0 2.219

N status 0.081 0.335 0.497 0.120 to 2.060

Pancreas Adenocarcinoma 0.604

Table IlI: Cox regression analysis for disesae-free survival and overall survival.
For DFS For OS
HR 95% CI for HR p HR 95% CI for HR p

Age 1.029 1.000 to 1.059 0.048 1.025 0.993 to 1.058 0.123
Comorbidity 0.724 0.416 to 1.260 0.254 0.930 0.521 to 1.660 0.806
Complication 0.943 0.533t0 1.668 0.839 0.964 0.525t0 1.773 0.907
R status 0.983 0.555t0 1.740 0.952 1.060 0.586 to 1.916 0.848
Pancreas CA 1.846 1.069 to 3.187 0.028 1.940 1.096 to 3.431 0.023
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When the status of having 2 or more comorbidities was
examined, the rate was higher in the older age group
(p=0.024). Of the preoperative comorbidities, DM was seen
significantly more in the older age group (p=0.033), and HT
was more frequent in the older patients but not to a level of
statistical significance (51.1% vs.36.7%, p=0.160). The distri-
bution of CAD, neurological comorbidities, pulmonary comor-
bidities, and vascular comorbidities was similar in both age
groups (Table I).

The perioperative data, complications, and mortality rates
are presented in Table I. The length of stay in hospital, costs,
and re-operation rates were similar in the two groups. There
was a greater tendency for perioperative erythrocyte transfu-
sion in the older patient group than in the younger (57.8%
vs.42.9%, p=0.148). Complications developed at similar
rates in both groups. The distribution of surgical complica-
tions such as bleeding, pancreatic fistula, and intra-abdom-
inal abscess was similar between the groups, and there was
no difference in respect of tumour local depth (T), type of
malignancy (pancreatic adenocarcinoma vs. others) and R
status. In the histochemical analysis, the rate of lymph node
positivity (N+) was determined to be higher in the younger
patient group compared to the older group (83.7% vs.
53.3%, p=0.001, Table I).

Perioperative mortality, defined as within the first 30 days,
occurred more often in the older patients than in the
younger group (20.0% vs. 4.1%, p=0.016, Table I). A logistic
regression model was formed to investigate the risk factors
of 30-day mortality (Table Il). The results of the multivariate
analysis showed that lymph node positivity(N+), local depth
of the tumour (T3-4), the presence of comorbidities, and the
development of postoperative complications were not evalu-
ated as independent risk factors for 30-day mortality. Older
age increased the risk 4.851-fold (odds ratio)but was not
determined to be an independent predictive factor
(p=0.086, Table II).

The mean follow-up period of all the patients was median
14.00 months (range, 1.00-85.00 months). In the older
patient group aged =70 years, the 1-year DFS rate was
46.6%, 3-year DFS was 26.7%, and mean DFS was 23.6
months (95% Cl:14.03-32.09). In the younger patient group
aged <70 years, the 1-year DFS rate was 61.8%, 3-year DFS
was 13.0%, and mean DFS was 22.79 months (95%
Cl:14.47-31.12). The groups were determined to be similar in
respect of DFS (Log-rank p=0.780, Figure 1). In the older
patient group aged =70 years, the 1-year OS rate was
48.9%, 3-year OS was 34.4%, and mean OS was 24.89
months (95% Cl:15.16-34.62). In the younger patient group
aged <70 years, the 1-year OS rate was 76.7%, 3-year OS
was 16.8%, and mean OS was 27.27 months (95%
Cl:18.93-35.61). Age was not determined to have affected
overall survival (Log-rank p=0.386, Figure 2).
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Figure 1: Disease-free survival Kaplan meier curve, log rank p=0.780.
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Figure 2: Overall survival Kaplan meier curve, log rank p=0.386.

A Cox regression model was applied for the evaluation of
prognostic factors affecting survival. The results showed that
age (Hazard Ratio (HR): 1.029, 95% CI for HR: 1.000 - 1.059,
p=0.048) and malignancy type of pancreas adenocarcinoma
(HR: 1.846, 95% CI for HR: 1.069 to 3.187, p=0.028) were
independent prognostic factors for DFS. For OS, only malig-
nancy type of pancreas adenocarcinoma was determined to
be an independent prognostic factor (HR:1.940, 95% CI for
HR: 1.096 - 3.431, p=0.023). Preoperative comorbidities, post-
operative complications, and R status were not found to
affect survival (Table IlI).

DISCUSSION

Together with ongoing developments in healthcare knowl-
edge and technology, the global elderly population is also
increasing. With the increase in average life expectancy,
there has also been an increase in the age of diagnosis of
pancreatic and periampullary region malignancies, for which
curative treatment is possible with surgery.’ However, despite
significant developments in surgical technique, pancreatico-
duodenectomy remains a complicated surgical intervention
with severe difficulties in postoperative care. Therefore, there
continues to be debate in literature on the subject of pancre-
aticoduodenectomy in elderly patients who have increased
comorbidities and decreased performance.” In various
studies, there are even different cut-off points for the defini-
tion of “older patient”."" Taking the starting point of average
life expectancy in Turkiye of 78.6 years, the cut-off value for
the age groups in the current study was defined as 70 years.’
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The results of this study showed that comorbidities were
seen at a higher rate in the older patient group (=70 years,
38.3% vs.78.8%, p<0.001). When the comorbidities were
examined separately, DM was determined at a higher rate in
the older patient group. There is generally an increase in
comorbidities with advancing age, and therefore comorbidi-
ties or mortality may increase.”**** However, in the current
study, comorbidities were not seen to show an independent
effect on 30-day mortality or survival. The reason for this
was thought to be that in recent decades advances have
been made in patient care and the treatment of chronic
diseases with the developments in medical knowledge and
technology. The two age groups in the current study were
seen to be similar in respect of preoperative biliary stenting,
CEA and CA19.9 values showing the tumour burden, and
albumin values providing information about the nutritional
status. These parameters were similar in the two groups
allowed a clearer evaluation of the effect of age on the
primary endpoints of 30-day mortality and survival, indepen-
dently of other factors.

The complication rates were similar in the older (=70 years)
and younger (<70 years) patient groups in the current
study. Although there are studies in literature stating that
older patients tend to have more complications, the general
view is that age does not make a difference, consistent with
the current study results.”*'*** Again consistent with
previous studies, the length of hospital stay was similar in
the current study groups.®”*® Very few studies in literature
have mentioned costs, and the basic factors affecting costs
are length of hospital stay and complications.””*® As the
current study groups were similar for the reasons stated
above, there was no difference in respect of costs. Preventa-
tive measures for elderly patients such as age-related care,
supplemental enteral nutrition, and early rehabilitation place-
ment are important to avoid complications and thereby
avoid increased costs." The rates of pancreatic adenocarci-
noma were similar in the two groups in the current study but
lymph node involvement was determined at a higher rate in
the younger group. It was thought that this may have been
due to more aggressive surgery having been performed
encouraged by the fact of younger age and fewer comorbidi-
ties.

In previous studies, 30-day mortality has been shown to be
0-8% in groups aged > 70 years and 0-17% in those aged
<70 years.” In the current study, this rate was calculated as
4.1% in the <70 years age group and 20.0% in the >70
years age group (p=0.016). However, in the multivariate
analysis, age was not evaluated as an independent risk
factor for 30-day mortality (p=0.086). On the subject of first
30-day mortality or in-hospital mortality, it is a fact that
there is a greater tendency for mortality in the elderly.*"
Although some studies have shown that age makes no
significant difference to 30-day mortality, many studies have
reported that despite greater elderly mortality, a significant
increase has not been determined.®”'***?*?* The hetero-

geneity that has emerged in other studies was also seen in
this study. Age was determined to be significant in mortality
but was not an independent risk factor. There are insufficient
satisfactory data in the current and previous studies to
justify avoiding pancreaticoduodenectomy in elderly patients
in respect of early mortality.

In the available literature, overall survival has been reported
as 16-24 months for the <70 years age group and 9-19.8
months for those aged >70 years.”®*? In the majority of
studies, age has been shown to have no effect on
survival.”** Similarly in the current study, there was seen to
be no difference between the groups in respect of DFS and
0S. The 1-year DFS and OS rates were higher in the younger
group, while the 3-year survival rates were higher in the
older group. The reason for this could have been that
although there is no change in tumour biology with age, the
low performance and nutritional status, especially in those
with severe comorbid failures, could have caused bias in the
selection of elderly patients.

In parallel with the literature, pancreas adenocarcinoma was
evaluated as an independent prognostic factor in the multi-
variate analysis of OS and DFS.” While age was an indepen-
dent prognostic factor for DFS, it was not for OS. Age is not a
barrier to pancreaticoduodenectomy in respect of survival,
and elderly patients deserve meticulous surgery. The hetero-
geneous results that emerged from the investigation of prog-
nostic factors for DFS and OS show the need for further more
comprehensive research with homogenous and larger
patient series.

There were some limitations to this study, primarily the retro-
spective design, and the relatively low number of patients,
but the group numbers were balanced at 45 and 49. Another
limitation could be said to be that when potential patients
for pancreaticoduodenectomy present to a surgeon, the
surgeon may not be willing to perform resection in some
elderly patients for reasons such as the performance and
nutritional status of the patient, severe systemic failures,
and restricted mobilisation, and this could have created a
selection bias. However, the higher rate of comorbidities in
the older patient group in this study was reflected in the
statistical results, so there can be considered to have been
no or relatively limited selection bias.

CONCLUSION

The results of this study demonstrated that despite the higher
rates of comorbidities in older patients (>70 years), this did
not increase the complication rates in pancreaticoduodenec-
tomy. When it is considered that pancreaticoduodenectomy
makes a great contribution to survival and is the only curative
option, it can be recommended that with careful patient selec-
tion, prudent preoperative preparation, a meticulous surgical
technique, and close multidisciplinary postoperative support,
pancreaticoduodenectomy can be performed on elderly
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patients as survival does not alter with increasing age
although the first 30-day mortality is affected.
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