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Introduction

The ethical aspects of possible over- and under-
treatment of the frail aged challenge the 
Western countries with their increasingly aging 
populations and limited resources. Selecting 

the most reasonable treatment for the aged is 
especially difficult among patients with sus-
pected pancreatic cancer and potentially poor 
prognoses or with suspected premalignant pan-
creatic lesions with a potentially uncompro-
mised life expectancy. Pancreatic resections 
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are high-risk surgery, and in earlier studies,1–4 preoperative 
frailty, age, chronic kidney disease, high American Society 
of Anesthesiologists (ASA) class, and sarcopenia have been 
associated with postoperative morbidity. However, it has 
been reported that neither short-term5,6 nor long-term prog-
noses among the aged necessarily differ from those of unse-
lected, younger patient cohorts.7 Even underuse of 
pancreatic surgery among the aged has been suspected.8,9 A 
multidisciplinary (MD) approach and scoring systems for 
physical fitness and frailty in borderline patients are neces-
sary to evaluate such patients’ performance status, eligi-
bility for high-risk surgery, and ability to recover 
postoperatively. For a patient, returning home to independ-
ent living and quality life years may be even more important 
endpoints. Nevertheless, among the aged, the preoperative 
predictors of severe complications and successfully return-
ing home after pancreatic surgery remain unclear.10 The aim 
of this study was to evaluate the factors associated with 
severe complications, returning home, and 1-year survival 
among patients aged ⩾ 75 years after pancreatic resection.

Methods

All patients who had undergone elective pancreatic resec-
tion in Tampere University Hospital, Finland between 2012 
and 2019 were identified from the hospital database. The 
catchment area of Tampere University Hospital covers ca. 
1,000,000 patients and is nationally a tertiary, high-volume 
pancreatic center. Patients aged ⩾ 75 years on the operation 
date were included.

Indication for surgery had been discussed in the MD 
meeting, including oncologists, pancreatic surgeons, radiol-
ogists, gastroenterologists, and pathologists. After the MD 
meeting, a pancreatic surgeon met the patient at the outpa-
tient clinic to evaluate the physical performance status, eligi-
bility, and willingness to undergo surgery. If the patient had 
major comorbidities or a borderline physical performance 
status, other specialists, such as anesthesiologists or cardi-
ologists, were consulted.

Preoperative data on patient demographics, physical per-
formance status, preoperative laboratory tests (hemoglobin 
albumin, creatinine, and glomerular filtration rate (GFR)), 
and indication for pancreatic resection were retrospectively 
gathered from the electronic patient records. The data on 
physical performance status were retrieved from the preop-
erative questionnaire the patients routinely complete with a 
nurse. Performance status was categorized as “good” if no 
dyspnoea or chest pain was reported during exercise and the 
patient was able to climb at least one flight of stairs.

The preoperative indices, including Charlson comorbid-
ity index (ChCoI),11 Clinical Frailty Scale (CFS),12 and the 
Geriatric Nutrition Index (GNIR),13 were calculated retro-
spectively for the study purposes. In addition, preoperative 
sarcopenia was retrospectively evaluated by determining 

the Skeletal Muscle Index (SMI) from the preoperative CT 
scans according to El Amrani et al.1 Patients were consid-
ered sarcopenic if the SMI was < 38.5 cm2/m2 for females 
and < 52.4 cm2/m2 for males. The preoperative risk for 
severe complications was evaluated according to the 
National Surgical Quality Improvement Program calculator 
(NSQIP risk calculator).

Indication for surgery was categorized based on the preop-
erative imaging as follows: suspicion of malignancy (visible 
tumor or double duct sign), mixed-type or main-duct intra-
ductal neoplasm (MX-IPMN or MD-IPMN), or as a worri-
some cyst according to the European guidelines.14

Perioperative data on the pathology report, complications, 
hospital stay, and oncological therapy were recorded retro-
spectively from the hospital databases. Hospital stay was 
defined as the total time a patient spent in any health care unit 
postoperatively.

Mortality was presented as both 30- and 90-day rates. 
Complications were categorized according to the Clavien–
Dindo (C-D) classification,15 and comprehensive complica-
tion index (CoCoI)16 was calculated. Pancreatic fistula 
(POPF) and postpancreatectomy hemorrhage (PPH) were 
evaluated according to international guidelines.17,18 Grades B 
and C were considered as clinically relevant complications.

Returning home was reported in 60 days postoperatively. 
This was determined from either surgical or oncological 
patient files. In cases of doubt, the patient was excluded from 
this part of the analysis.

The primary short-term outcomes were incidence of 
severe postoperative complications (C-D 3b-5) and high 
CoCoI level (over 75% quartile). Secondary short-term out-
come was returning home within 2 months after surgery, con-
sidered as normal recovery after major surgery. Both positive 
predictive (PPV) and negative predictive values (NPV) of the 
preoperative indices were calculated for both outcomes. 
Eligibility for adjuvant therapy was reported among pancre-
atic ductal adenocarcinoma (PDAC) patients. In addition, 30- 
and 90-day mortality and 1-year survival rate were calculated. 
To analyze histology-based survival, 1-year survival rates 
were calculated for patients who survived at least 30 days 
postoperatively.

Statistical analyses were performed with SPSS 26 soft-
ware. Fisher’s exact test, chi-squared test, logistic regression, 
and Kruskal–Wallis tests were used for univariate analyses. A 
p-value below 0.05 was considered statistically significant.

The study was approved by the Regional Ethics Committee 
of Pirkanmaa (code R12241).

Results

Number of patients, demographics, and 
indications for surgery

The search yielded a total of 95 patients aged ⩾ 75 years  
(ca. 21% of all elective pancreatic resections during the 
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observation period). The median age was 78 years (range 
75–85 years), and 50% of the patients were male. The indica-
tion for surgery was suspected cancer in 70 (74%) patients, 
suspected main-duct or mixed-type intraductal papillary neo-
plasm in 16 (17%) and suspected worrisome cystic lesion in 
nine patients (9.5%) (Appendix 1).

Preoperative background data

ASA Class 3–4 was found among 50% and ChCoI was > 6 in 
19% of the patients (median 6, range 3–8). Most patients 

were physically fit (CFS 1–3 in 78%, CFS 4 in 16%, and CFS 
5–6 in 2%) and, of the 80 patients whose preoperative ques-
tionnaires were available, 84% had good performance status 
(Table 1). Two patients were diagnosed with early-stage 
Alzheimer’s disease. Five patients had a history of a transient 
ischemic attack or stroke. Preoperatively one patient lived in 
residential care facility due to Parkinson’s disease and the 
rest at home.

Preoperative laboratory tests showed mild renal insuffi-
ciency in 86%, normal hemoglobin in 56%, and normal albu-
min values in 64% of the patients. Optimal BMI level19 for 

Table 1. Perioperative data and their associations with severe complications and the highest quartile CoCoI score.

Factors All n = 95 (%) C-D 3b-5 n = 19 (20%) CoCoI > 33 n = 24 (25%)

 N (%) p; OR (95% CI) N (%) p; OR (95% CI)

Male sex 47 (50) 10 (21) 0.802; 0.854 (0.312–0.336) 13 (28) 0.642; 0.778 (0.307–1.967)

Age ⩾ 80 years 26 (27) 3 (12) 0.260; 0.432 (0.115–1.628) 5 (19) 0.597; 0.627 (0.207–1.900)

Smokers 7 (7) 3 (43) 0.140; 3.375 (0.687–16.58) 2 (29) 1.000; 1.200 (0.217–6.630)

Preoperative GFR < 60 mL/min 13 (14) 4 (31) 0.285; 1.985 (0.539–7.314) 3 (23) 1.000; 0.871 (0.219–3.472)

Anemia 42 (44) 4 (10) 0.037; 0.267 (0.081–0.877) 12 (29) 0.635; 1.367 (0.540–3.458)

Morbidity and performance status measures

 ASA 3–4 48 (50) 13 (27) 0.123; 2.538 (0.873–7.380) 12 (25) 1.000; 0.972 (0.385–2.453)

 ChCoI > 6 18 (19) 4 (25) 0.732; 1.422 (0.402–5.032) 3 (19) 0.754; 0.637 (0.163–2.461)

 CFS > 3 21 (22) 5 (24) 0.758; 1.339 (0.420–4.274) 6 (29) 0.777; 1.244 (0.420–3.85)

  Preoperative questionnaire: poor 
performance statusb

28 (29) 3 (23) 0.717; 1.246 (0.300–5.182) 2 (15) 0.506; 0.580 (0.116–2.893)

  Higher than average NSQIP risk 
for severe complications

20 (21) 6 (30) 0.220; 2.044 (0.662–6.314) 4 (20) 0.773; 0.688 (0.205–2.304)

Nutritional measures

 GNIR medium/high risk 17 (18) 4 (24) 0.742; 1.272 (0.363–4.459) 5 (29) 0.760; 1.272 (0.397–4.077)

 BMI < 24 or > 30 63 (66) 14 (22) 0.590; 1.543 (0.501–4.748) 17 (27) 0.628; 1.320 (0.483–3.609)

 Hypoalbuminemia < 34 31 (33) 5 (16) 0.593; 0.687 (0.223–2.117) 7 (23) 0.803; 0.806 (0.294–2.210)

 Sarcopenic SMI 52 (58) 12 (23) 0.436; 1.600 (0.541–4.733) 15 (29) 0.469; 1.520 (0.568–4.067)

Peri- and postoperative factors

 Blood loss > 1000 mL 15 (16) 7 (47) 0.010; 4.958 (1.515–16.23) 6 (40) 0.196; 2.296 (0.721–7.315)

 Pancreatic resection type 0.099 0.189

 Pancreatoduodenectomy 49 (52) 8 (16) ref 13 (27) ref

 Total pancreatectomy 22 (23) 8 (36) 0.068; 2.929 (0.925–9.273) 8 (36) 0.403; 1.582 (0.540–4.639)

 Distal pancreatectomy 24 (25) 3 (13) 0.669; 0.732 (0.176–3.051) 3 (13) 0.183; 0.396 (0.101–1.55)

Vein resection 5 (5.2) 3 (60) 0.053; 6.938 (1.070–44.97) 4 (80) 0.014; 14.00 (1.480–13.24)

POPFa 9 (12) 3 (60) 0.129; 3.500 (0.727–16.85) 2 (40) 1.000; 1.020 (0.190–5.472)

Malignant histology 58 (61) 9 (16) 0.295; 0.525 (0.190–1.447) 13 (22) 0.631; 0.725 (0.285–1.847)

C-D: Clavien–Dindo; CoCoI: comprehensive complication index; GFR: glomerular filtration rate; ASA: American Society of Anesthesiologists; BMI: body mass index; NSQIP: 
ACS National Surgical Quality Improvement Program; GNIR: geriatric nutrition index; SMI: skeletal muscle index; POPF: pancreatic fistula.
aWithout total pancreatectomies.
bNot able to walk stairs or chest pain or dyspnoea during exercise, + Anemia: male Hb < 134 g/L, female Hb < 117 g/L.
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the aged (25–30 years) was found in 34% of cases. The geri-
atric nutritional index (GNIR) showed that the majority 
(79%) of the patients were low or no-risk patients. One-fifth 
(21%) of the patients had a high risk for severe complications 
according to NSQIP (Table 1).

Surgery details

A total of 49 (51%) of the patients had the pancreatoduo-
denectomy, 22 (23%) total pancreatectomy, and 24 (25%) 
distal resection. Five portal/superior mesenteric vein resec-
tions with end-to-end reconstruction were performed among 
the study population. Median intraoperative blood loss  
was 550 mL (range 20–3710 mL). Intraoperative bleed-
ing > 1000 mL in 15 patients (16%).

Postoperative complications

The 30- and 90-day mortality rate was 2.1% (two patients). A 
severe complication (C-D 3b-5) occurred in 20% of the 
patients. The median CoCoI was 21 and its 75% quartile was 
33. Infectious complications, such as pneumonia, abscesses, 
wound infections, diarrhea, or septicemia occurred in 40% of 
the patients. In total, 12 patients underwent reoperation (1 for 
colon perforation, 1 for stomach perforation, 3 for hepatico-
jejunostomy leakage, 1 for severe POPF, 1 for suspected 
bowel ischemia, 1 for portal vein thrombosis, and 4 for esca-
lated infectious and POPF complication). Complications led 
to the removal of the remnant pancreas (the tail) during the 
hospital stay among three patients who had primarily under-
gone pancreatoduodenectomy. Six patients developed organ 
failure requiring treatment in the intensive care unit (ICU). 
The length of ICU stay ranged from 2 to 9 days. The overall 
median hospital stay was 11 days (range 3–59) (Table 2).

The univariate analysis showed that preoperative normal 
hemoglobin (p = 0.037) and intraoperative bleeding over 
1000 mL (p = 0.010) were associated with severe complica-
tions. Vein resection was associated with highest quartile 
CoCoI level and seemed to be a risk factor for C-D 3b-5 com-
plications (p = 0.053). The preoperative indices ASA, GNIR, 
ChCoI, CFS, preoperative questionnaire on physical perfor-
mance status, SMI, or NSQIP risk score for severe complica-
tions were not associated with severe complications in this 
population (Table 2). The PPVs of the preoperative indices 
varied between 23% and 30% and the NPVs between 81% 
and 87% for a severe complication (Table 3).

Returning home in 60 days

Follow-up data on the location of the patients at 2 months 
(60 days) postoperatively was available for 78 patients (83%). 
Out of these, 62 (80%) patients had returned home within 
60 days. The returning home was not associated with the 
resection type (distal pancreatectomy (87%) versus pancrea-
toduodenectomy or total pancreatectomy (76%), (p = 0.368)).

Not returning home postoperatively was associated with 
the occurrence of severe complications (C-D 3b-5). In addi-
tion, infectious complications and development of POPF 
B/C were associated with not returning home within 60 days. 
The preoperative indices ASA, GNIR, ChCoI, CFS, preop-
erative questionnaire on physical performance status, SMI, 
or NSQIP were not associated with returning home in this 

Table 2. Postoperative complications.

N (%)

Total 95

C-D  

 0–2 69 (73)

 3–4 23 (24)

 Severe complications 3b-5 19 (20)

 Reoperation (%) 12 (13)

CoCoI, median (range) 21 (0–100)

Proportion of patients in upper quartile (75%) CoCoI 24 (25)

POPFa 9 (12)

Bile leakageb 5 (7.0)

PPH 5 (5.3)

Infectious complications 40 (42)

30- and 90-day mortality 2 (2.1)

POPF: postoperative pancreatic fistula; PPH: postoperative pancreatic hemorrhage; 
CoCoI: comprehensive complication index.
aWithout total pancreatectomies.
bWithout distal resections.

Table 3. PPV and NPV for severe complications (C-D 3b-5) and 
for returning home.

C-D 3b-5 Returned home in 
8 weeks

 PPV (%) NPV (%) PPV (%) NPV (%)

ASA 3–4 27 87 70 11

CFS > 3 24 81 86 22

ChCoI > 6 25 81 77 20

Medium or high GNIR 
score

24 81 80 19

Poor performance status 23 81 100 22

High NSQIP 30 83 77 20

Sarcopenia 23 84 84 29

ASA 3–4 and CFS > 3 25 81 88 21

ASA 3–4 and sarcopenia 29 87 70 14

ASA: American Society of Anesthesiologists; CFS: Clinical Frailty Scale; GNIR: 
geriatric nutrition index; NSQIP: ACS National Surgical Quality Improvement 
Program; PPV: positive predictive value; NPV: negative predictive value.
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Table 4. Factors associated with returning home within 60 days.

Returned 
home in each 
subgroup (%)

p; OR for returning 
home (95% CI)

Sex  

 Female 32 (80) ref

 Male 30 (79) 1.000; 1.067 (0.355–3.202)

Age > 80 years 18 (86) 0.536; 1.773 (0.450–6.976)

Smokers 6 (67) 1.000; 1.821 (0.205–16.201)

Preoperative GFR < 60 mL/min 9 (95) 0.678; 2.547 (0.298–21.737)

Anemia 28 (85) 0.400; 1.812 (0.563–5.834)

Morbidity and performance status measures

 ASA 3–4 28 (70) 0.049; 0.275 (0.080–0.946)

 ChCoI > 6 10 (77) 0.723; 0.833 (0.200–3.469)

 CFS > 3 12 (86) 0.722; 1.168 (0.336–8.405)

  Preoperative questionnaire: 
poor performance statusb

7 (100) 0.330; N/A

  NSQIP risk for severe 
complications

13 (77) 0.740; 00.796 (0.220–2.881)

Nutritional measures  

 GNIR medium/high 12 (80) 1.000; 0.960 (0.234–3.945)

 BMI < 24 or > 30 45 (82) 0.540; 1.588 (0.500–5.045)

 Hypoalbuminemia < 34 21 (81) 1.000; 1.127 (0.346–3.670)

 Sarcopenic SMI 37 (84) 0.252; 2.162 (0.706–6.626)

Peri- and postoperative factors  

 Blood loss > 1000 mL 7 (54) 0.021; 0.212 (0.059–0.764)

 Pancreatic resection type 0.536

 Pancreatoduodenectomy 30 (75) ref

 Total pancreatectomy 12 (80) 0.698 (1.333;0.312–5.7049

 Distal pancreatectomy 20 (87) 0.267 (0.543–9.091)

 Vein resection 2 (40) 0.056; 0.144 (0.022–0.953)

 POPFa 4 (44) 0.014; 0.139 (0.031–0.632)

 Malignant histology 37 (79) 1.000; 0.880 (0.286–2.755)

 C-D 3b-5 complication 8 (53) 0.010; 0.19 (0.055–0.655)

 CoCoI > 33 16 (76) 0.754; 0.765 (0.230–2.542)

 Infectious complications 19 (58) < 0.01; 0.063 (0.013–0.306)

C-D: Clavien–Dindo; CoCoI: comprehensive complication index; GFR: glomerular 
filtration rate; ASA: American Society of Anesthesiologists; BMI: body mass index; 
NSQIP: ACS National Surgical Quality Improvement Program; GNIR: geriatric 
nutrition index; SMI: skeletal muscle index; POPF: pancreatic fistula.
aWithout total pancreatectomies.
bNot able to climb stairs or chest pain or dyspnoea during exercise, + Anemia: 
male Hb < 134 g/L, female Hb < 117 g/L.

population (Table 4). In the analysis of the preoperative 
indices, the PPVs varied 70%–100% and the NPVs 14%–
29% for returning home.

Final pathology and eligibility for adjuvant 
therapy

Overall, 58 (61%) patients had a malignant final pathology. 
PDAC accounted for 55% of these (32 patients). MD- or 
MX-IPMN were found in 21% of the patients (Appendix 1).

Data on adjuvant therapy were available for 29 PDAC 
patients (90%). However, 19 patients with PDAC were 
enrolled for adjuvant therapy (66%). Eligibility and willing-
ness for adjuvant therapy were evaluated by an oncologist.

Survival

The overall 1-year survival rate among patients with benign 
or premalignant final diagnoses (38 patients) was 92% and 
among patients with a malignant disease 75% (p = 0.019). 
Among patients with a benign disease, physical perfor-
mance status was associated with survival over 1 year 
(p = 0.028, OR: 7.750; 95% CI: 3.105–19.342), but the anal-
ysis of other factors lacked statistical power. Among patients 
with a malignant disease, none of the preoperative metrics 
was associated with 1-year survival (ChCoI: p = 0.060, per-
formance status: p = 0.617, CFS: p = 0.181, ASA: p = 0.128, 
and SMI: p = 0.510) Figure 1.

Discussion

Pancreatic surgery is recommended either for suspected can-
cer or high-risk premalignant lesions. Due to the potential 
postoperative morbidity and mortality associated with pan-
creatic surgery, careful preoperative evaluation of the patients 
is crucial. Ideally, surgery should be offered to patients who 
are fit enough to tolerate complications, with a realistically 
capable of returning home postoperatively and whose quality 
life years can be extended by pancreatic surgery. This study 
shows that outcome after pancreatic resection among the fit 
aged is similar to earlier reports for all age groups.5–7 In this 
selected group, the preoperative scores failed to predict 
severe complications or returning home within 2 months. 
Good physical performance status, however, seems to be 
associated with better survival, especially among patients 
with benign final pathology, but the effect was not apparent 
among cancer patients.

This study analyzed patients aged at least 75 years to avoid 
the analysis of too many heterogeneous group of patients in 
terms of comorbidity and physical activity. Moreover, it has 
been reported that the risks related to surgery start to increase 
after 75 years of age.20 During the preoperative evaluation, 
different scores can be used to help to evaluate the individual 
risk and guide the clinical decision-making. Among the aged, 
it is important to understand the overall effect of the comor-
bidities and activity of the patient prior to making a recom-
mendation for high-risk surgery. The CFS has been developed 
to describe the overall performance status. In earlier studies, 
CFS > 4 has been associated with poorer postoperative 
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outcomes among aged patients.21–23 In this study, there were 
two patients whose CFS was over 4, demonstrating that pan-
creatic surgery was recommended for only a very selected 
group of patients. This was also apparent in the ChCoI distri-
bution and in the preoperative physical performance status. 
Still, ASA class distribution showed major comorbidities 
among 50% of the patients, emphasizing that ASA class does 
not adequately describe the overall status of an older patient. 
Overall, mortality was comparable to earlier reports from 
high-volume centers and for whole age cohort.24 This demon-
strates the patient selection for pancreatic surgery was rational 
and at a good level.

In a study by Park et al.,9 32% of patients above 75 years 
of age had severe complications and in studies including all 
age groups, the proportion of major complications has been 
20%–40%.25,26 Among aged, overall postoperative morbid-
ity may be even more crucial. The CoCoI offers a more 
detailed tool to evaluate the accumulation of multiple com-
plications. Recently a study by Ricci et al.27 reported a 
median CoCoI level for pancreatic surgery of 21 for all age 
groups. Both incidence of severe complications and median 
CoCoI were comparable in this study. The patient selection 
leading to a relatively homogeneous and fit patient popula-
tion probably explained why none of the preoperative scores 
predicted severe complications, despite the high NPV values 
among patients with low-risk preoperative features accord-
ing to the indices.

Severe complications were associated with preoperative 
normal hemoglobin and over 1000 mL bleeding intraopera-
tively. Only four patients with low hemoglobin values expe-
rienced severe complications, which prevented detailed 
analysis of the findings, which could be attributed to 
coincidence.

A vein resection showed a trend toward a risky short-term 
prognosis and accumulation of complications. The safety of 

vein resection has recently been active researched, but no 
obvious risk in the aged has been reported.28 In this study 
population, only five patients underwent vein resection, 
which inhibits the generalization of the finding. However, in 
a patient with a locally advanced or borderline resectable 
tumor likely to be undergoing a vein resection, more intense 
efforts should be devoted to perioperative evaluation and 
rehabilitation.

Among the aged, complications or even just problems with 
insulin therapy may result in hospitalization of a previously 
active patient. Median hospital stay at the operating hospital 
was 11 days, which was at the same level as reported previ-
ously from Finnish pancreatic centers in Ahola et al.26 Still, 
one-fifth of the patients experienced hospitalization over 
60 days. This was associated with severe complications, infec-
tious complications, POPF, but not with CoCoI or preopera-
tive scores. The NPV for not returning home after 8 weeks 
were low if a patient did not present high-risk scores in preop-
erative indices. However, the PPVs for returning home were 
also high if a patient had a high-risk feature, demonstrating the 
challenges of preoperative evaluation. The finding that both 
POPF and infectious and severe complications may delay 
returning home is most likely explained by the fact that these 
often occur in the same patients. All in all, potentially long 
postoperative rehabilitation period is not easy to predict pre-
operatively, and postoperative quality of life can be affected 
even among fit patients if complications emerge.

A study published in Finland reported 1-year survival rate 
of 70% after PDAC.29 In this study, 1-year survival was at the 
same level despite high age. Still, despite successful surgery, 
not all PDAC patients (66%) were enrolled for adjuvant ther-
apy and were able to gain the best treatment combination of 
surgery and oncologic therapy. However, Park et al.9 reported 
that surgery also resulted in better prognoses among patients 
above 75 years of age than oncological therapy alone. This 

Fig. 1. One-year survival rates and preoperative metrics for benign and malignant disease.
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emphasizes that it is reasonable to offer pancreatic surgery if 
the patient enjoys good physical performance status.

Good physical performance status in this study was asso-
ciated with the survival of at least 1 year. In Finland, the life 
expectancy at the age of 80 is 8 years, and those who are 
physically fit can be expected to live considerably longer.30 
This suggests that, especially among patients with a high-risk 
premalignant disease, surgery can be beneficial for aged 
patients in excellent health. Among these patients, even more 
quality life years can be gained than among PDAC patients.

The weakness of this study is the small sample size and 
the retrospective nature of this study. During the study 
period, there was no specific, systematic preoperative 
screening program in use for aged patients in Tampere 
University Hospital. However, the patients were evaluated 
in an MD meeting prior to their visit in the outpatient clinic. 
Evaluating the treatment selection process from the begin-
ning and judging the possibility of undertreatment would 
require detailed analysis including patients not offered sur-
gery. This was out the scope of this study, but further studies 
may enlighten the matter. Although the process was not 
standardized, this did not lead to excessive postoperative 
mortality or morbidity and the overall results were at good 
level. These results were explained by the good overall per-
formance status of the patients. Still, the low number of 
severe complications impeded the statistical analysis and 
interpretation.

The strength of this study was the fact that all aged patients 
undergoing pancreatic resection between 2012 and 2019 
were included. This approach yields reliable results describ-
ing the real-life experiences of aged patients. The scores 
selected for this study (CFS, ChCoI, CoCoI, GNIR, and SMI) 
were defined retrospectively. The data for these were well 
documented in the patient files and the scores can be consid-
ered reliable. Although no data on possible supportive nurs-
ing facilities arranged postoperatively were available for this 
study, the data on the patient’s location at 2 months could be 
tracked from hospital databases. This offered an insight into 
the patients’ postoperative recovery. The fact that the patients 
were operated on in a high-volume center prevents the gener-
alization of the results to every hospital.

Despite the active research, the beneficial prognostic fac-
tors for survival with PDAC or the progression of premalig-
nant lesions remain unknown. With current perioperative 
treatment, including modern anesthesia and intensive care, 
most patients can be successfully managed for 30 or even 
90 days even after complications from pancreatic surgery. 
This stresses the importance of a longer perspective on post-
operative outcome and the ability to return to a sufficient 
quality of life. This study shows that the preoperative predic-
tion of prolonged postoperative rehabilitation is challenging 
even among the fit aged. Still, when a patient is fully informed 
and preoperative frailty is mild, this study shows that the 
risks inherent in pancreatic surgery are tolerable. However, 
more accurate prognostic tools for patient evaluation and 

improved methods for perioperative rehabilitation are needed 
for major pancreatic surgery.

Acknowledgements

The authors thank Virginia Mattila for proofreading the article and 
statistician Mika Helminen for commenting on the analysis. The 
authors also thank for the support and funding from State Research 
Funding (VTR), Finland and the Sigrid Jusélius Foundation, 
Finland. Funding played no role in study design, data collection, 
data analysis, article preparation, or publication decisions.

Author contributions

R.A. and A.S. participated in the study design; R.A. and I.L. per-
formed data collection; I.R.-K. performed radiological reanalysis; 
R.A., A.S., I.R.-K., E.J., and J.L. performed analysis and interpreta-
tion; R.A., A.S., E.J., J.L., I.R.-K., I.L., and A.A. participated in 
reviewing and editing; E.J. and J.L. supervised the article.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for 
the research, authorship, and/or publication of this article: The 
authors appreciate the support and funding from State Research 
Funding (VTR), Finland and the Sigrid Jusélius Foundation, Finland. 
Funding was not involved in the study design, data collection, data 
analysis, manuscript preparation, or publication decisions.

Context and relevance

Patients with Clinical Frailty Scale below 5 do not present major 
predominance of postoperative complications after a pancreatic 
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