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Abstract
Background: Comorbidities increase the risk for postoperative complications after pancreatoduodenectomy. The importance of different categories of heart disease on postoperative outcomes has not
been thoroughly studied.
Methods: Patients aged 18 years undergoing pancreatoduodenectomy between 2008 and 2019 at
Karolinska University Hospital, Sweden were included. Heart disease was deﬁned as a preoperatively
established diagnosis, and subcategorized into ischaemic, valvular, heart failure and atrial ﬁbrillation.
Postoperative outcome was analysed by multivariable regression.
Results: Out of 971 patients, 225 (23.3%) had heart disease. Heart disease was associated with an
increased risk for complications; Clavien–Dindo score  IIIa (Odds Ratio [OR] 1.53, 95% conﬁdence
interval [CI] 1.07–2.18; p = 0.019), intensive care unit admissions (OR 3.20, 95% CI 1.81–5.66; p < 0.001)
and longer hospitalizations (median 14 vs. 11 days; p < 0.001). Although heart disease was not associated with 90-day mortality, it conferred a shorter median overall survival (22 vs. 32 months; p < 0.001).
Atrial ﬁbrillation and heart failure were each associated with increased risk for postoperative complications, whereas ischaemic and valvular heart disease were not.
Conclusion: Atrial ﬁbrillation and heart failure were independently associated with increased risk for
postoperative complications. Despite no association with early postoperative mortality, heart disease
negatively affected long-term survival.
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Introduction
Pancreatoduodenectomy is a complex procedure used to treat
malignancies in the pancreatic head.1,2 It is associated with
signiﬁcant post-operative risks and 90-day mortality is reported to be 1–8 per cent.3,4 In spite of surgical resection, the
prognosis remains dismal with a ﬁve-year survival rate ranging
from 25 to 40 per cent.5 Although the risk for postoperative
complications has decreased in the last decades due to advances in perioperative management,6 the risks associated with
pancreatoduodenectomy remain high. Therefore, it is challenging to determine if the possible beneﬁts of surgery
outweigh the risks.7
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Preoperative assessment of comorbidities offers an avenue of
treatment optimization which may decrease risks associated with
surgery.8 Some comorbidities, including heart disease, increase
the risk of postoperative complications after pancreatic surgery.9–11 There are several formulae designed to estimate the
effect of comorbidities on complications, one being Charlson
Comorbidity Index.12 Many of these preoperative risk estimation
models are, however, mainly dichotomous and do not account
for different types of heart disease.13–16
The aim of this study was to investigate the impact of different
categories of heart disease on morbidity and mortality after
pancreatoduodenectomy.

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Methods
Study population
All adult patients (age  18 years) treated with pancreatoduodenectomy, regardless of indication, between January 2008 and
June 2019 at Karolinska University Hospital, Stockholm, Sweden,
a tertiary referral centre for pancreatic surgery, were included.
Patients with prior pancreatic surgery were excluded. Data were
systematically and prospectively collected via electronic health
records, and thereafter retrospectively controlled and classiﬁed.
The study was reported in accordance to the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
guidelines17 and approved by the National Ethical Review Agency
(registration number: 2020/05238).
Data variables and deﬁnitions
Baseline characteristics
Data were collected on age, Body Mass Index (BMI), sex, estimated glomerular ﬁltration rate (eGFR), American Society of
Anaesthesiologists – Physical Status (ASA-PS) classiﬁcation,18
Eastern Cooperative Oncology Group (ECOG) Performance
Status,19 preoperative smoking status, history of hypertension and
diabetes, pathological report on operative specimen and ejection
fraction (EF) on preoperative echocardiography, if present.
Heart disease
The data on cardiac diagnosis/heart disease were based on systematic review of the patients’ electronic health records. Heart
disease was deﬁned as a preoperatively established cardiac diagnosis, and was coded according to the International Statistical
Classiﬁcation of Diseases and Related Health Problems (ICD)
10th version,20 or classiﬁed according to pathological ﬁndings on
preoperative echocardiography, not older than 6 months at the
time of surgery. Heart disease was a priori categorized into four
groups; ischaemic heart disease, atrial ﬁbrillation, heart failure
and valvular heart disease.
Ischaemic heart disease was deﬁned as preoperative myocardial infarction, previous percutaneous coronary intervention, a
diagnosis of angina pectoris or chronic coronary disease. Heart
failure was deﬁned as presence of a preoperatively established
heart failure diagnosis, or a left ventricular ejection fraction less
than 40 per cent on a preoperative echocardiography, if available.
For patients without an available echocardiography, either
symptoms of heart failure requiring medical treatment or
elevated biochemical markers (such as natriuretic peptides) had
to be present. Valvular disease was deﬁned as a preoperative
established diagnosis of aortic stenosis or an aortic valve
continuous doppler ﬂow velocity of >2.5 m/s, or a diagnosis of
mitral regurgitation, or at least moderate mitral regurgitation on
a pre-operative echocardiography. Atrial ﬁbrillation was deﬁned
as any preoperative history of diagnosed atrial ﬁbrillation,
whether paroxysmal, persistent or permanent. For a detailed
list of ICD-codes and echocardiographic criteria, see the
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supplementary material (Table S1). Any case of de novo peri- or
postoperative heart disease diagnosis without recorded preoperative clinical ﬁndings supporting that diagnosis preoperatively
was not classiﬁed as a preoperative condition.
Outcomes
The primary outcome measure was postoperative complication
deﬁned as Clavien–Dindo (CD) score  IIIa.21 Secondary
outcomes were 30-day, 90-day and overall mortality, 1-, 3- and
5-year survival, intensive care unit (ICU) admission, length of
stay in the ICU and length of stay in hospital. Delayed gastric
emptying, postoperative pancreatic ﬁstula, postoperative
pancreatic haemorrhage and bile leakage were also considered
secondary outcomes and classiﬁed according to the International Study Group of Pancreatic Surgery (ISGPS) and International Study Group of Liver Surgery (ISGLS) guidelines; only
grade B and C complications were considered to be of clinical
relevance.22 –25
Statistical analysis
Categorical variables were analysed using Chi-square test or
Fisher’s exact test and presented as counts with percentages.
Continuous data were analysed with independent samples t-test
or Mann–Whitney U test and presented as medians with interquartile range (i.q.r). Normality was tested using the
Shapiro–Wilk test.
Survival was analysed using the Kaplan–Meier method and
analysed with the log rank test. Multivariable logistic regressions
were performed to analyse the association between heart disease
and postoperative complications. Results of the logistic regression analyses were presented in odds ratio (OR) and 95 per cent
conﬁdence intervals (CI). Variables in the multivariable logistic
regression model were decided a priori and included: age
(continuous), sex (male, female), smoking (never, active, previous), hypertension (no, yes), BMI (continuous), diabetes mellitus (no, yes), pulmonary disease (any degree of chronic
obstructive pulmonary disease or pulmonary ﬁbrosis) and eGFR
(continuous). Statistical signiﬁcance was considered as twotailed p-value <0.050. All analyses were performed with StataCorp. 2013. Stata Statistical Software: Release 13. College Station,
TX: StataCorp LP.

Results
In total, 971 patients met the inclusion criteria, of which 225
(23.2 per cent) had at least one preoperative cardiac diagnosis
(Fig. 1). The median follow-up time was 6.2 years (i.q.r 3.5
years–8.9 years). Among all patients, 122 (12.6 per cent) had
atrial ﬁbrillation, 107 (11.0 per cent) had ischaemic heart disease,
52 (5.4 per cent) had heart failure and 25 (2.6 per cent) had
valvular heart disease. Patients with heart disease were older,
predominantly male and had higher ASA-PS and ECOG-levels.

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Figure 1 Flowchart of patient distribution

Additionally, hypertension and diabetes were more prevalent
among patients with heart disease (Table 1). Also, patients with
heart disease were more often evaluated with a preoperative
echocardiography than those without heart disease. There was no
difference in the proportion of malignant histopathology in the
postoperative specimens when comparing patients with and
without heart disease. All patients with valvular heart disease had
an available standard transthoracic echocardiography.
Postoperative outcomes are presented in Table 2. The proportion of patients with severe complications, deﬁned as CD
score  IIIa (32.9 per cent vs. 24.7 per cent, p = 0.014) and
delayed gastric emptying grade B–C (38.7 per cent vs. 28.2 per
cent, p = 0.003), was higher among patients with heart disease
compared to patients without heart disease. The median hospital
length of stay was longer (14 days vs. 11 days, p < 0.001) and the
proportion of ICU admission higher (14.2 per cent vs. 4.7 per
cent, p < 0.001) compared to patients with no heart disease.
In a multivariable logistic regression analysis, heart disease was
associated with increased risk for severe complications with CD
score  IIIa (OR 1.53, 95% CI 1.07–2.18, p = 0.019), ICU
admission, hospital stay 14 days and delayed gastric emptying
grade B–C compared to patients with no heart disease (Table 3).
Multivariable logistic regression analyses showed that atrial
ﬁbrillation and heart failure were independent risk factors for
severe complications with CD score  IIIa, and hospital length of
stay 14 days. Also, ischaemic heart disease, atrial ﬁbrillation
and heart failure were associated with increased risk of ICU
admission. Heart failure was associated with increased risk for
DGE grade B–C (Table 3).
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There was no difference in 30-day mortality rate when
comparing patients with and without heart disease (Table 2). The
90-day mortality rate was higher for patients with heart disease
compared to patients without heart disease (5.8 per cent vs. 3.0
per cent, p = 0.046). However, there was no association between
heart disease and risk of 90-day mortality in a multivariable
adjusted logistic regression analysis (Table 3). Overall, patients
with heart disease had a shorter median survival (21.8 months vs.
31.6 months; p < 0.001) and lower rates of 1-, 3- and 5-year
survival than patients with no heart disease (Fig. 2). The proportion of malignant diagnosis among patients surviving 5 years
or more did not differ signiﬁcantly between patients with and
without heart disease (24 patients, 63.2 per cent vs. 100 patients,
57.1 per cent respectively, p = 0.496).

Discussion
This high-volume, single centre cohort study, including 971
consecutive patients with a study period of more than ten years,
afﬁrms that heart disease is associated with postoperative complications after pancreatoduodenectomy.
While it has been shown that preoperative heart disease is a
risk factor for complications after pancreatic surgery, the reported risks associated with different types of heart disease
have varied between studies.9,13,14,26 Ischaemic heart disease
has consequently been a risk factor in these studies, whereas
heart failure has not. This may be due to different study designs, deﬁnitions of disease, sample sizes and selection bias. In
the present study heart failure and atrial ﬁbrillation were

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Table 1 Baseline characteristics of patients with and without heart disease undergoing pancreatoduodenectomy

Age (years)a
2a

BMI (kg/m )

No heart disease
(n [ 746)

Heart disease
(n [ 225)

Overall
(n [ 971)

p value†

67.3 (60.6–74.0)

72.1 (67.1–77.1)

68.4 (62.0–74.8)

<0.001‡

24.3 (21.6–27.0)

24.8 (22.2–27.4)

24.4 (21.8–27.0)

0.110‡

366 (49.1)

152 (67.6)

518 (53.4)

Sex
Men
Women

<0.001

380 (50.9)

73 (32.4)

453 (46.7)

90 (78–102)

90 (78–102)

90 (78–102)

1

102 (13.7)

6 (2.7)

108 (11.1)

2

459 (61.5)

91 (40.4)

550 (56.6)

3

180 (24.1)

118 (52.4)

298 (30.7)

4

5 (0.7)

10 (4.4)

15 (1.5)

0

482 (64.6)

112 (49.8)

594 (61.2)

1

107 (14.3)

45 (20.0)

152 (15.7)

2

25 (3.4)

16 (7.1)

41 (4.2)

3

3 (0.4)

3 (1.3)

6 (0.6)

Missing

129 (17.3)

49 (21.8)

178 (18.3)

eGFR (ml/min/1.73 m2)a
ASA grade

0.913‡
<0.001

ECOG performance status

0.001

Smoking

0.511

Never

546 (73.2)

158 (70.2)

704 (72.5)

Currently

141 (18.9)

44 (19.6)

185 (19.1)

Former

59 (7.9)

23 (10.2)

82 (8.4)

Hypertension

193 (25.9)

125 (55.6)

318 (32.8)

Diabetes

107 (14.3)

73 (32.4)

180 (18.5)

<0.001

Malignant histology

570 (76.4)

182 (80.9)

752 (77.5)

0.159

Preoperative
echocardiography

57 (7.6)

90 (40.0)

147 (15.1)

<0.001

55 (96.5)

73 (81.1)

128 (87.1)

Ejection fraction
40%

<0.001

<0.001

<40%

0 (0.0)

17 (18.9)

17 (11.6)

Missing

2 (3.5)

0 (0.00)

2 (1.4)

Values in parenthesis are percentages unless indicated otherwise. p-value indicates difference between patients with and without heart disease. †c2
test, except ‡Mann–Whitney U-test.
a
Indicates median (interquartile range).

each, independently associated with major postoperative
complications, whereas ischaemic heart disease and left sided
valvular heart disease (mild or moderate degree) were not.
Interestingly, the increased risk for major complications was
not explained by a higher incidence of speciﬁc complications
after pancreatic surgery, such as grade B– C postoperative
pancreatic ﬁstulas, bile leakage or postoperative pancreatic
haemorrhage. Instead, the need of ICU admissions for supportive intensive care, rather than re-operations, constituted
one of the most important major complications for patients
with heart disease. The association of heart disease with ICU
admissions and longer hospital stays, however, did not
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translate into early postoperative mortality. Despite the
increased risk of complications among patients with heart
disease, the results imply that these were successfully treated,
rendering prolonged hospital stays but no negative effects on
early post-operative survival. The association of preoperative
atrial ﬁbrillation with an increased risk for major postoperative complications after pancreatoduodenectomy is a
novel ﬁnding for this patient category, although similar effects
have been reported in other surgical settings.27,28 Mechanisms, such as an increased need of anticoagulation, heart rate
control, and elevated risk of both thromboembolism and
bleeding may explain this association.

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Table 2 Postoperative morbidity and mortality according to the presence of heart disease at baseline

No heart disease
(n [ 746)

Heart disease
(n [ 225)

Overall
(n [ 971)

p value†

CD grade IIIa-V

184 (24.7)

74 (32.9)

258 (26.6)

0.014

30-day mortality

13 (1.7)

5 (2.2)

18 (1.9)

0.640

90-day mortality

22 (3.0)

13 (5.8)

35 (3.6)

0.046

Median survival (months)a

31.6 (10.5–52.7)

21.8 (5.7–37.9)

28.7 (8.2–49.2)

<0.001‡

1-year survival

615 of 746 (82.4)

172 of 225 (76.4)

787 of 971 (81.1)

0.044

3-year survival

325 of 601 (54.1)

69 of 186 (37.1)

394 of 787 (50.1)

<0.001

5-year survival

175 of 431 (40.6)

38 of 148 (25.7)

213 of 579 (36.8)

<0.01

Days of hospital staya

11 (7–15)

14 (8–20)

12 (8–16)

<0.001‡

1–13 days

470 (63.0)

111 (49.3)

581 (59.8)

14 days

276 (37.0)

114 (50.7)

390 (40.2)

ICU admission

35 (4.7)

32 (14.2)

67 (6.9)

Days of ICU staya

5 (0–10)

5.5 (1–10)

5 (0–10)

Days in hospital

<0.001

<0.001
0.875‡

Days in ICU

<0.001

0 days

711 (95.3)

193 (85.8)

904 (93.1)

1–6 days

21 (2.8)

19 (8.4)

40 (4.1)

7–13 days

6 (0.8)

6 (2.7)

12 (1.2)

14 days

8 (1.1)

7 (3.1)

15 (1.5)

DGE grade B–C

210 (28.2)

87 (38.7)

297 (30.6)

0.003

POPF grade B–C

126 (16.9)

48 (21.3)

174 (17.9)

0.128

PPH grade B–C

81 (10.9)

35 (15.6)

116 (12.0)

0.057

Bile leakage grade B–C

24 (3.2)

11 (4.9)

35 (3.6)

0.238

CD, Clavien–Dindo; ICU, intensive care unit; DGE, delayed gastric emptying, POPF, postoperative pancreatic ﬁstula; PPH, post pancreatectomy
haemorrhage. Values in parenthesis are percentages unless indicated otherwise. †c2 test, except ‡Student’s t test.
a
Values are median (interquartile range).

Table 3 Multivariable logistic regressions for postoperative complications according to categories of heart disease at baseline

Heart disease

Atrial ﬁbrillation

Ischaemic
heart disease

Heart failure

Valvular
heart disease

Odds ratio

Odds ratio

Odds ratio

Odds ratio

Odds ratio

CD grade IIIa-V

1.53 (1.07–2.18)

1.53 (1.00–2.32)

1.55 (0.97–2.46)

2.25 (1.25–4.02)

0.84 (0.33–2.15)

30-day mortality

0.87 (0.28–2.68)

1.33 (0.40–4.42)

0.79 (0.17–3.72)

1.44 (0.30–6.79)

1

90-day mortality

1.62 (0.75–3.49)

1.36 (0.55–3.33)

1.37 (0.52–3.62)

1.23 (0.35–4.29)

2.00 (0.44–8.98)

ICU admission

3.19 (1.81–5.63)

2.44 (1.32–4.53)

2.55 (1.31–5.00)

3.02 (1.39–6.55)

1.09 (0.25–4.77)

Hospital stay  14 days

1.65 (1.19–2.28)

1.70 (1.15–2.53)

1.08 (0.70–1.67)

1.92 (1.08–3.42)

1.09 (0.49–2.44)

DGE grade B–C

1.45 (1.03–2.04)

1.33 (0.88–2.00)

1.42 (0.91–2.22)

1.79 (1.00–3.18)

0.98 (0.41–2.32)

POPF grade B–C

1.27 (0.84–1.94)

1.44 (0.89–2.34)

0.67 (0.35–1.25)

0.81 (0.37–1.77)

0.37 (0.08–1.62)

PPH grade B–C

1.56 (0.97–2.52)

1.59 (0.91–2.76)

1.71 (0.95–3.08)

1.29 (0.58–2.89)

1.39 (0.46–4.18)

Bile leakage grade B–C

1.70 (0.75–3.86)

1.81 (0.72–4.51)

0.24 (0.03–1.82)

1.71 (0.48–6.07)

1.16 (0.15–8.98)

CD, Clavien–Dindo; ICU, intensive care unit; DGE, delayed gastric emptying, POPF, postoperative pancreatic ﬁstula; PPH, post pancreatectomy
haemorrhage. Values in parenthesis are 95 per cent conﬁdence interval. The following covariates were included in the multivariable logistic
regression models: age, sex, BMI, eGFR, diabetes mellitus, hypertension, smoking status, pulmonary disease.

To the best of our knowledge there are no reports describing
the association between preoperative heart disease and the risk
for delayed gastric emptying after pancreatic surgery.
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Postoperative atrial ﬁbrillation, however, has been found to be a
risk factor for delayed gastric emptying after pancreatoduodenectomy.29 Moreover, age has been identiﬁed as a risk factor for

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
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Figure 2 Kaplan–Meier overall survival curves in patients undergoing

pancreatoduodenectomy, stratiﬁed by presence of heart disease.
p < 0.001 (log rank test) when comparing groups with malignant histology; p = 0.001 (log rank test) when comparing groups with benign
histology

delayed gastric emptying after pancreatic surgery.2,10 However,
the mechanism between age and delayed gastric emptying is not
fully understood: whether age itself or diseases associated with
ageing are responsible for this association remains unclear. Here,
we report an association between heart disease – a major disease
group of ageing – and postoperative delayed gastric emptying.
We found that heart disease was associated with an increased
risk for long-term all-cause postoperative mortality after
pancreatoduodenectomy, whereas no such association with
short-term mortality was detected. The long-term survival
among patients with malignant histology should, however, be
interpreted with caution as there was no data on the tumour
stage nor administration of adjuvant chemotherapy. However,
there was no difference in the prevalence of malignant diagnosis
between patients with or without heart disease, and the proportion of patients surviving with a malignant diagnosis
decreased at equal rates in these two groups during follow-up.
These ﬁndings imply that with modern perioperative treatment
and postoperative surveillance, patients with and without heart
disease have similar risks for short-term complications. However, over time, patients with heart disease have an increased risk
for overall mortality. This indicates that heart disease and its
management might indeed constitute an important competing
long-term mortality risk among patients who undergo
pancreatoduodenectomy. These results suggest that optimized
post-operative management of heart disease may offer an additional avenue towards clinical beneﬁt, possibly even survival.
This study has several limitations. As with all retrospective
cohort analyses, residual confounding may exist. A further limitation was the lack of information on subjects who were
excluded from surgery, and the unknown prevalence of heart
disease among these patients. Also, de novo cases of heart disease,
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such as atrial ﬁbrillation occurring post-operatively were not
studied. Categorization of heart disease was based on previous
diagnostic work up and coding. However, a thorough validation
of diagnostic coding was conducted through systematic, case by
case review of the patients’ electronic health records, including
evaluation of discharge notes, ofﬁce visits, diagnostic or multidisciplinary meetings, echocardiography and radiology reports,
notes from procedures, and laboratory/biochemical data. The
data collection and review of heart disease variables were conducted by two of the investigators in order to minimize the risk
of systematic sampling error in the collection.
The frequent use of pre-operative echocardiography, and the
relatively low prevalence of reduced left ventricular ejection
fraction among operated patients with heart disease, point towards a negative selection of more severe forms of left ventricular
dysfunction. It is thus likely, that among patients with heart
disease only those with higher physiological performance status
underwent surgery. In the light of our main ﬁndings that atrial
ﬁbrillation and heart failure signiﬁcantly contribute to postoperative complications, this further underlines the importance
of a thorough preoperative cardiac assessment, and optimized
post-operative care, regardless of surgical indication.

Conclusions
In the present study we report that atrial ﬁbrillation and heart
failure are each independently associated with an increased risk for
early postoperative complications after pancreatoduodenectomy,
whereas ischaemic heart disease and valve disease are not.
Furthermore, heart disease was associated with signiﬁcantly worse
long-term survival, independent of the underlying histopathology,
and thus may constitute an important competing mortality risk
among patients who undergo pancreatoduodenectomy.
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