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Abstract

Aims This study aimed to investigate whether the risk of short‐term mortality is different in pulmonary embolism (PE)
patients who have heart failure with reduced ejection fraction (HFrEF) as compared with those with heart failure with
preserved ejection fraction (HFpEF).
Methods and results Predictive value of HFrEF or HFpEF for 7‐day (intrahospital) and 30‐day all‐cause mortality was
determined in the cohort of 1055 out of 1201 consecutive acute PE patients from the Serbian multicentre PE registry. Patients
were classified into either HFrEF or HFpEF group, according to guideline‐proposed criteria. A 7‐day (intrahospital) and 30‐day
all‐cause mortality was 18.5% vs. 7.3% vs. 4.5% (P < 0.001) and 22.2% vs. 16.3% vs. 7.9% (P < 0.001) for patients with the
history of HFrEF, HFpEF, and without HF, respectively. Multivariable analysis adjusted to age, gender, history of chronic
obstructive pulmonary disease, diabetes mellitus, arterial hypertension, presence of atrial fibrillation, and mortality risk assess-
ment at admission has shown that only HFrEF, but not HFpEF, was an independent predictor for 7‐day mortality (hazard ratio
2.22, 95% confidence interval 1.25‐4,38.41, P = 0.021) and neither HFrEF or HFpEF was an independent predictor for 30‐day
mortality. Among various admission parameters associated to PE outcome, only systolic pressure in HFrEF patients
(P < 0.001), heart rate (P = 0.01), and right ventricle systolic pressure (P = 0.039) in HFpEF patients were significantly different
in patients who died compared with those who survived at 7 days.
Conclusions Our study has shown that the presence of previous history of HFrEF, but not HFpEF, in acute PE is an
independent risk factor for mortality at 7 days.
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Introduction

Heart failure (HF) is a common comorbidity in patients with
acute pulmonary embolism (PE).1–3 Patients with HF are more
prone to develop acute PE and have a worse short‐term and
long‐term prognosis after PE.4–6 Regarding the level of left
ventricle (LV) ejection fraction (LVEF) and according to
current European Society of Cardiology (ESC) guidelines, HF
patients are classified into the three different groups, such
as the one with HF with reduced ejection fraction (HFrEF)
(LVEF < 40%), then those with HF with middle‐range ejection
fraction (HFmrEF) (LVEF 40–49%), and those with HF with
preserved ejection fraction (HFpEF) (LVEF ≥ 50%).7 In patients
with HFrEF, both systolic and diastolic myocardial functions
are impaired, while in patients with HFpEF, diastolic
dysfunction predominates. In general, the prognosis of HFrEF
and HFpEF regarding all‐cause mortality is similar during the
follow‐up period of 5 years.8 However, patients with HFrEF
die more frequently from cardiovascular reasons, while
patients with HFpEF die mostly from some other
non‐cardiovascular diseases.8 Cardiovascular events after
acute PE are common, and the presence of HF enhances
the possibility of PE recurrence and all‐cause death.4,5

However, the pathophysiology of HFrEF and HFpEF is
different and it is unknown whether these two basic types
of HF have a diverse impact on PE outcome.

The purpose of this study was to investigate the incidence
of early all‐cause and PE‐related mortality regarding the type
of HF. In addition, the aim was to compare predictive values
of HFrEF and HFpEF adjusted to age and PE mortality risk
assessment proposed by the 2019 ESC guidelines for 30‐day
mortality.9 Finally, we assessed the correlation between
various prognostic parameters on admission to the hospital
with 30‐day all‐cause and PE‐related mortality regarding the
type of HF.

Methodology

The source of data was the Serbian multicentre PE registry,
which successively included eight hospitals (seven university
hospitals and one hospital of general practice) during the
period from 2014 to 2020. Acute PE was diagnosed according
to the ESC algorithm.9 Pulmonary angiography with multide-
tector computed tomography was performed to all patients
included in the study. The majority of patients were admitted
to intensive care units for the initial evaluation. Among 1201
patients included in the registry, 1055 had all relevant data
for diagnosis and were suitable for classification into one of
HFrEF, HFpEF, or control (without HF) group. Among
excluded patients, 25 had HFmrEF and 121 patients had
incomplete data to be classified into any group (Figure 1, flow
chart of the study).

Definitions

Classification of patients into HFrEF, HFpEF, or control group
was performed according to previous medical history and
LVEF measurements on admission, following the ESC guide-
lines for HF.7 All patients with HF had medical reports that
confirmed typical signs and symptoms of HF, and the majority
of them had at least one episode of hospitalization or
detailed outpatient cardiology reports from the control visits
in the last year with available echocardiography imaging and
laboratory findings of elevated BNP or NT‐proBNP values
(Figure 1). Patients classified into the HFrEF group had medi-
cal documentation that confirmed the diagnosis of HF and
LVEF < 40%. In 73 out of 81 HFrEF patients, echocardiogra-
phy was performed on admission, confirming the LVEF< 40%.
Echocardiography was not performed on admission in eight
cases, and they were classified in the HFrEF group according
to at least one available echocardiographic report performed
in the last year. Patients with HFpEF had medical documenta-
tion that confirmed the previous episode of HF and
LVEF ≥ 50%. Echocardiography on admission confirmed
HFpEF in 100 of 123 patients, while others had a respectable
echocardiography report in the last year, which confirmed
diastolic dysfunction (preserved LVEF ≥ 50% and objective
evidence of other cardiac functional and/or structural cardiac
abnormalities underlying HF: enlarged left atrium volume
index, increased LV mass and E/e´).7 The majority of patients
with HF used recommended therapy according to ESC
guidelines for the management of HF.7 Among patients with
HFrEF, 80% and 73% of them used beta‐blockers and
angiotensin‐converting enzyme inhibitors, respectively.
Among patients with HFpEF, 70%, 65%, and 15% were
treated with beta‐blockers, angiotensin‐converting enzyme
inhibitors, and angiotensin receptor blockers, respectively.
Valsartan‐sacubitril was not used in any patient in the study.
In about 10% of patients from both groups, we had no
reliable data regarding medication used before PE.

Patients with HFmrEF, where LVEF is 40–49%, were
excluded from the study because of the low frequency in
the registry and low event rate (25 patients and 5 all‐cause
deaths), which preclude statistical analysis.

Data extraction

Relevant data were derived from medical history during hos-
pitalization by trained doctors who assisted in administrative
work on the database. All patients were asked about comor-
bidities and had measurements of oxygen saturation, systolic
arterial pressure, and heart rate. Echocardiography imaging,
cTnI, and BNP or NT‐proBNP blood levels were obtained on
the first hospitalization day for a considerable number of pa-
tients (see footnote of Table 1). According to the presence of
severe hypotension or right ventricle (RV) dysfunction, acute
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PE patients were stratified into high‐risk, intermediate‐risk, or
low‐risk patient groups, according to the 2019 ESC PE
guideline.9

Echocardiographic measurements

Echocardiographic measurements were done using standard
2D and Doppler methods. LVEF was obtained by biplane
Simpsons’ method. LV diastolic function was confirmed if
criteria were fulfilled as follows: LVEF ≥ 50% and enlarged left
atrium and/or increased LV mass and/or E/e´ ≥ 13.7 Data for
the LV performance were obtained indirectly through the
reports from the previous echocardiography examinations.
Echocardiography examination at hospitalization for PE was
focused on the RV performance with obligatory measure-
ments of LVEF and additional semiquantitative descriptions
of LV performance like LV hypertrophy and enlarged left
atrium. Diastolic function of LV was not determined during
the hospitalization for PE. Measured RV parameters included
RV basal end‐diastolic diameter (EDD) (four‐chamber view),
RV‐to‐LV EDD ratio (RV/LV EDD), and RV systolic pressure
(RVSP), which was derived using peak tricuspid regurgitation
jet velocity, with simplified Bernoulli equation and adding
an estimated right atrial pressure 5–15 mmHg. Tricuspid

annular plane systolic excursion (TAPSE) was measured in
four‐chamber view on basal part of lateral RV wall with M
mode. We also assessed the presence of paradoxical septal
movements (movement of the interventricular septum away
from the LV free wall during systole) and McConnell sign
(hypokinesia of the mid‐RV free wall with preserved
contractility of the RV apex).

Right ventricular dysfunction was defined as RV EDD
enlargement more than 3 cm and RV/LV EDD > 0.9. We
additionally assessed the presence of pressure overload
with elevated RVSP up to around 60 mmHg, decreased
TAPSE (<1.6 cm), and a paradoxical septal motion or
McConnell sign.

Endpoints

The primary endpoint was death at 7 days (7‐day
intrahospital death). This outcome is a very accurate end-
point for early intrahospital deaths in which the participation
of PE was mostly pronounced. The cause of death in patients
with PE and HF is multifactorial, and both PE and HF more or
less contribute to this outcome and that was the reason why
we choose this outcome instead of PE‐related death, which is
more inaccurate and speculative. The secondary endpoint of

FIGURE 1 Flow chart of the study. BNP, brain natriuretic peptide; CHF, chronic heart failure; HFpEF, heart failure with preserved ejection fraction;
HFrEF, heart failure with reduced ejection fraction; LA, left atrium; LVEF, left ventricle ejection fraction; PE, pulmonary embolism.
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Table 1 Baseline patients’ characteristics according to the presence of HFrEF, HFpEF, and without HF

Patients’ characteristics, N
of total (%) according
to bleeding status, or
mean ± SD, or median (IQR)

History of heart failure

P1 and
P2 values

HFrEF
N = 81 (7.7%)

HFpEF
N = 123 (11.7%)

Without HF
N = 851 (80.7%)

Female gender 30 (37.0) 68 (55.3) 464 (54.5) 0.010
0.015

Age in years 67 ± 14 72 ± 10 62 ± 16 <0.001
0.036

Medical history

COPD
5 (6.2) 29 (23.6) 82 (9.6) <0.001

0.001

Coronary artery disease
35 (43.8) 36 (29.5) 64 (7.6) <0.001

0.050

Prior stroke
8 (9.9) 17 (13.9) 55 (6.5) 0.010

0.514

Diabetes mellitus
33 (40.7) 31 (25.2) 143 (16.8) <0.001

0.021

Arterial hypertension
54 (66.7) 100 (81.3) 491 (57.7) <0.001

0.020
Renal failure

GFR ˂ 60 mL/min
40 (49.4) 58 (47.2) 254 (29.9) <0.001

0.766

GFR ˂ 30 mL/min
11 (13.9) 17 (13.8) 49 (5.8) <0.001

1.000

Abnormal liver function
11 (13.6) 9 (7.3) 32 (3.8) <0.001

0.155

Surgery within 6 months
7 (8.6) 24 (19.5) 134 (15.7) 0.110

0.045

Cancer in last 6 months
7 (8.6) 20 (16.3) 107 (12.7) 0.270

0.141
Clinical and laboratory findings at admission

SaO2 < 90%
30 (38.5) 47 (40.2) 202 (24.8) <0.001

0.881

Admission SAP in mmHg
120 ± 28 120 ± 28 124 ± 24 0.120

1.000

Heart rate in bpm
106 ± 30 100 ± 25 98 ± 22 0.007

0.168

Atrial fibrillation
38 (46.9) 33 (27.0) 93 (11.0) <0.001

0.004

RVSPa in mmHg
46.7 ± 13.9 57.6 ± 19.9 46.9 ± 17.5 <0.001

<0.001

RV dysfunctiona
48 (65.8) 75 (75.0) 486 (59.6) 0.009

0.235

TAPSE
1.47 ± 0.44 1.87 ± 0.58 1.92 ± 0.46 <0.001

0.010

LVEFa
30.9 ± 7.8% 59.3 ± 5.5% 60.7 ± 5.4% <0.001

<0.001

BNPb in pg/m
943 (378–1424) 357 (176–709) 124 (43–330) <0.001

0.002

NT‐proBNPc
3011 (610–9493) 5103 (1791–14 197) 1255 (287–4236) <0.001

0.155

Troponin Id in μg/L
0.06 (0.02–0.26) 0.10 (0.04–0.38) 0.05 (0.01–0.30) 0.067

0.260
PE severity
PE mortality riske
Low risk 17 (21.0) 24 (19.5) 326 (38.3) <0.001
Intermediate risk 44 (54.3) 78 (63.4) 422 (49.6) 0.343
High risk 20 (24.7) 21 (17.1) 103 (12.1)

BNP, brain natriuretic peptide; bpm, beats per minute; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; GFR,
glomerular filtration rate; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; IQR,
interquartile range; LVEF, left ventricle ejection fraction; PE, pulmonary embolism; RVSP, right ventricular systolic pressure; SaO2, oxygen
saturation; SAP, systolic arterial pressure; SBP, systolic blood pressure; SD, standard deviation; TAPSE, tricuspid annular plane systolic
excursion.
P1 denotes the significance of comparisons between all three groups. P2 denotes the significance of comparison between HFrEF and
HFpEF groups.
aRVSP, RV dysfunction, and LVEF were determined at admission in 73, 100, and 815 patients with HFrEF, HFpEF, and without HF,
respectively.

bBNP was measured in 26, 46, and 356 patients with HFrEF, HFpEF, and without HF, respectively.
cNT‐proBNP was measured in 17, 53, and 197 patients with HFrEF, HFpEF, and without HF, respectively.
dCardiac troponin I was measured in 48, 57, and 542 patients with HFrEF, HFpEF, and without HF, respectively.
ePE mortality risk was estimated for the entire duration of hospitalization according to 2019 PE ESC guidelines.9
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the study was all‐cause mortality at 30 days from the first day
of hospitalization. All patients were scheduled for follow‐up
visits or connected by phone after 30 days from the
discharge.

Statistics

Patients’ characteristics are presented as frequencies for
categorical variables and as mean ± standard deviation or
median with the interquartile range depending on the
normality of the numerical variables. Differences between
three groups (i.e., HFrEF, HFpEF, and control groups) were
tested with χ2 test, one‐way ANOVA test with Bonferroni
corrections for P values for multiple comparisons, or with
independent samples Kruskal–Wallis test depending on the
normality distribution of variables. Kaplan–Meier curve
analysis with a log‐rank test was used for the comparison of
survival rates between patients within the HFrEF, HFpEF,
and the control groups. Unadjusted and adjusted for age,
gender, history of arterial hypertension, chronic obstructive
pulmonary disease (COPD), diabetes mellitus, presence of
atrial fibrillation (AF), and PE mortality risk9 as to the most
important confounders, Cox regression models were tested
for the prediction power of HFrEF and HFpEF regarding the
timing for 7‐day (intrahospital) and 30‐day all‐cause
mortality. Several established parameters associated with
increased risk for death in PE patients obtained at admission
to hospital were compared between patients who survived
and those who died regarding the presence of HFrEF, HFpEF,

or without HF, using non‐parametric Mann–Whitney U test. P
value <0.05 was considered significant for all statistical tests.

Results

Among 1201 consecutive PE patients from the Serbian
multicentre PE registry, 1055 fulfilled all necessary criteria
regarding the adequate echocardiographic data on LVEF and
reliable history of HF; among them, 81/1055 (7.7%) patients
were classified as HFrEF and 123/1055 (11.7%) as HFpEF.
Flow chart of the study is presented in Figure 1. A 7‐day
intrahospital mortality was 18.5% vs. 7.3% vs. 4.5% and
30‐day all‐cause mortality was 22.2% vs. 16.3% vs. 7.9%
(log‐rank P< 0.001 for both comparisons) (Figure 2A,B) in pa-
tients with HFrEF, HFpEF, and without HF, respectively. The
relevant characteristics of patients regarding the presence
of HFrEF and HFpEF are presented in Table 1. Men predomi-
nate in HFrEF group, and the patients in HFpEF group were
older than patients in the other two groups. Patients with
HFrEF had more often a history of coronary artery disease, di-
abetes, and liver dysfunction, whereas patients with HFpEF
had more frequently a history of arterial hypertension, COPD,
and stroke. The frequency of the presence of AF was signifi-
cantly higher in both HF groups compared with patients with-
out HF, and the patients with HFrEF also had higher
frequency of AF than patients with HFpEF. Patients with
HFrEF and HFpEF had more frequently chronic renal failure
as compared with patients without HF. Those with HFrEF

FIGURE 2 Kaplan–Meier curves for 7‐day (intrahospital) (A) and 30‐day all‐cause (B) mortality according to the presence of HFrEF, HFpEF, or without
HF. Log‐rank P < 0.001 for both comparisons. HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced
ejection fraction.
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had the highest BNP values. Furthermore, patients with
HFrEF and HFpEF were hypoxic on admission to the hospital,
more often than patients without HF. Patients with HFpEF
had the highest level of admission RVSP and cTn blood level.
On the other hand, patients with HFrEF had the lowest TAPSE
at admission and patients with HFpEF and without HF had
very close TAPSE levels. LVEF was similar between patients
with HFpEF and patients without HF. Patients with HFrEF
were most frequently classified into the high‐risk group, and
those with HFpEF were more frequently into the
intermediate‐risk group.

A 7‐day (intrahospital) and 30‐day all‐cause mortality was
18.8% vs. 7.3% vs. 4.5%.1% (log‐rank P = 0.001) and 22.2%
vs. 16.3% vs. 7.9% (log‐rank P< 0.001) for patients with a his-
tory of HFrEF, HFpEF, and without HF, respectively (Figure 2A,
B). Although the unadjusted hazard ratios (HRs) for 7‐day
(intrahospital) mortality (Table 2) were higher in both HF
groups compared with patients without HF [HR 3.11, 95%
confidence interval (CI) 1.85–5.24, P < 0.001 for HFrEF; HR
2.13, 95% CI 1.29–3.51, P = 0.003 for HFpEF], regression anal-
ysis adjusted to age, gender, positive history of COPD, diabe-
tes mellitus, arterial hypertension, presence of AF, and
mortality risk revealed HFrEF as the only significant predictor
of mortality (HR 2.22, 95% CI 1.12–4.38, P = 0.021). For
30‐day all‐cause mortality, only the presence of HFrEF had
the predictive value in the unadjusted regression analysis
(HR 4.37, 95% CI 2.40–7.94, P < 0.001) and the predictive
value of HFrEF has lost statistical significance after adjust-
ment to several mentioned confounding factors (HR 1.54,
95% CI 0.86–2.75, P = 0.142) (Table 2).

Comparison of various parameters associated to increased
risk for death in PE patients between patients who survived
and those who died at 7 days regarding the presence of
HFrEF, HFpEF, or absence of HF is presented in Table 3. Sys-
tolic arterial pressure at admission was significantly lower in

deceased patients in HFrEF group and not in HFpEF group.
Heart rate at admission showed the opposite direction with
significantly higher HR in patients who died compared with
those who survived in HFpEF and no difference in admission
HR between patients who died and those who survived in
HFrEF group. Patients with HFpEF who died had higher RVSP
at admission than those who survived. Troponin levels and
embolic burden at MDCT‐PA at admission were not signifi-
cantly different in patients who died compared with those
who survived in either HFrEF or HFpEF. In patients without
HF, all parameters were significantly different between
patients who died and those who survived.

Discussion

Heart failure and PE are associated in many ways.1,2 Patients
with HF have venous stasis, hypercoagulability state, and
endothelial dysfunction, and all of these represent a classical
Virchow triad for thrombosis. It has been documented that
patients with HFrEF and HFpEF have an approximately
fivefold increased risk of venous thromboembolism
during 10 years.3 Patients with HFrEF had excessive
cathecholaminergic activity, enhanced renin angiotensin
aldosterone axis activation, pro‐inflammatory cytokine
profile, and profound endothelial dysfunction.10,11 All these
mechanisms together with reduced mobility of the patients
with HFrEF lead to increase coagulability and platelet
activation, which can be detected through the measurements
with various blood markers of activated haemostasis such as
d‐dimer, thrombin‐antithrombin complex, prothrombin
fragment F1+2, soluble P selectin, and CD40L, which correlate
well to LV function.12,13 Endothelial dysfunction is manifested
by the decrease in NO production and increase in secretion of

Table 2 Hazard ratios for HFrEF, HFpEF, age, mortality risk, and right ventricular dysfunction according to 7‐day all‐cause (intrahospital)
and 30‐day all‐cause mortality

Unadjusted HR (95% CI) P Adjusted HR (95% CI)a P

7‐day mortality
HFrEF 4.37 (2.40–7.94) <0.001 2.22 (1.12–4.38) 0.021
HFpEF 1.67 (0.81–3.45) 0.168 1.07 (0.50–2.27) 0.861
Age (years) 1.03 (1.01–1.05) 0.001 1.04 (1.02–1.06) 0.003
Mortality risk
High risk 24.18 (8.58–68.16) <0.001 17.98 (6.27–51.56) <0.001
Intermediate risk 4.07 (1.41–11.74) 0.009 3.27 (1.13–9.48) 0.029

30‐day all‐cause mortality
HFrEF 3.11 (1.85–5.24) <0.001 1.54 (0.86–2.75) 0.142
HFpEF 2.13 (1.29–3.51) 0.003 1.15 (0.68–1.94) 0.606
Age (years) 1.04 (1.03–1.06) <0.001 1.03 (1.02–1.05) <0.001
Mortality risk
High risk 13.45 (6.77–26.74) <0.001 9.84 (4.87–19.87) <0.001
Intermediate risk 3.53 (1.79–6.96) <0.001 2.72 (1.37–5.38) 0.004

CI, confidence interval; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; HR, hazard
ratio; PE, pulmonary embolism.
aIn adjusted model, age, gender, mortality risk,9 COPD, history of arterial hypertension, diabetes mellitus, and the presence of atrial fibril-
lation were used as cofounders.
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von Willebrand factor in circulation from the endothelial
cells.14,15 Finely, patients with HFrEF also have evidence of
impaired fibrinolysis with elevated blood levels of plasmino-
gen activator inhibitor 1—the main suppressor of fibrinolytic
system.16 Thus, patients with HFrEF are in the permanent
procoagulation state, which can contribute to the
development and outcome of venous thromboembolism.
The presence of HF seems to be also important for PE out-
comes. Patients with HFrEF have predominately LV systolic
dysfunction, so they are more susceptible to haemodynamic
deterioration caused by acute pulmonary artery obstruction.
On the other hand, patients with HFpEF have diastolic LV
dysfunction and increased LV filling pressure, which, via pul-
monary veins, ultimately leads to pulmonary hypertension.
The health status of these patients can easily deteriorate
during acute PE. Among patients with acute PE, HF can be
present in 10–20% of patients.4,17,18 In our registry of hospi-
talized PE patients, the history of previous HF was present in
19.4%. HF is a well‐recognized risk factor for an adverse out-
come in patients with PE. HR or odds ratios for early mortal-
ity vary in the interval of 1.3–4.2 in various registries,
depending on the severity of PE patients enrolled.19–21

Moreover, the presence of HF is included in most commonly
used and validated scores for the prediction of early PE out-
comes, such as PE severity score (PESI) or its simplified ver-
sion (sPESI), as well as the Registro Informatizado de
Enfermedad TromboEmbólica‐RIETE score.17,22

According to current literature, the presented study
seems to be the first to compare separately predictive values
of the presence of HFrEF versus HFpEF for the prediction of
early PE outcome. Age, gender, the positive history for
COPD, arterial hypertension, diabetes, presence of AF, and
mortality risk variables were obtained for all patients, and
we used them as the most important confounders in the re-
gression analysis, which took into account the most impor-
tant comorbidities, haemodynamic, demographic, and
imaging characteristics of patients with a possible influence
on PE outcome.10 Our results have shown that the presence
of HFrEF had independent prediction value for 7‐day
(intrahospital) mortality in both unadjusted and adjusted re-
gression model. On the contrary, the presence of HFpEF was
not associated with 7‐day (intrahospital) mortality in both
unadjusted and adjusted analysis. In addition, both sub-
groups of HF had significant predictive values for 30‐day
all‐cause mortality in an unadjusted analysis, but these were
lost in the multivariable regression model. Thus, only the
presence of HFrEF was a significant, independent predictor
for 7‐day (intrahospital) mortality in PE patients.

Patients with HFrEF have significantly reduced capacity to
compensate for decreased LV preload and hypoxaemia
during PE. Reduced myocardial contractility and the use of
beta‐blockers impaired inotropic and chronotropic response
in these patients.23 Hypoxia may have an even more delete-
rious effect in HFrEF patients and can cause myocardialTa
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ischaemia because many of these patients may have also a
significant coronary artery disease with reduced coronary
flow reserve.24 Increased end‐diastolic pressure to LV walls
may also contribute to myocardial ischaemia. Decreased LV
preload, diminished coronary flow, hypoxaemia, reduced
compensatory mechanisms, and increased LV end‐diastolic
pressure may lead to circulus vitiosus of irreversible HF in
HFrEF patients.25 Because LV diastolic dysfunction is the dom-
inant pathophysiology mechanism in HFpEF, it is of interest
whether LV diastolic parameters are associated with the
worse outcome in PE patients. In one relatively small study,
diastolic LV dysfunction was not significantly associated with
early death in haemodynamically stable PE patients.26 We
also found that the presence of HFpEF was not an indepen-
dent risk factor for both 30‐day all‐cause and early
intrahospital mortality. The explanation for this could be a
better preserved inotropic and chronotropic reserve in
patients with HFpEF, which is important for maintaining
haemodynamic stability in acute PE.

In our study, only the presence of HFrEF was an indepen-
dent predictor of early intrahospital death. The cause of
death in patients with PE and severe comorbidities is always
multifactorial.27 Patients with HFrEF represented such group,
and the mechanisms of death in them are very often sudden
death or death because of progression of HF. Acute PE can
significantly contribute to HF, and massive PE can cause
sudden death especially in vulnerable HFrEF patients and
pre‐existing RV failure.28 Our data have shown that the
majority of deceased HFrEF patients died in the first week
of admission, which suggested that PE contributed signifi-
cantly for outcome. The treatment strategy for PE depends
mostly to the mortality risk estimation at admission, and
aggressive therapy could also cause fatal complications in
HFrEF patients. These are the reasons why we choose 7‐day
mortality as a second primary outcome and not PE‐related
death, which is a more speculative and inaccurate endpoint.
As the time from the hospitalization of PE patients passed,
the probability that the presence of initial PE is the main
cause of death decreases, and earlier epidemiology studies
overestimate the role of PE as a main cause of death.29

The estimation of mortality risk in HFrEF patients with PE
might be different compared with other patients. Our study
provided some evidence regarding this. Only systolic arterial
pressure at admission was significantly lower in HFrEF
patients who died compared with those who survived. Heart
rate, embolic thrombus burden on MDCT‐PA, RVSP, and tro-
ponin values did not differ between those who died and
those who survived in this group of patients. This might mean
that the initial cardiac reserve is the most important factor
for the adverse outcome in HFrEF patients with PE and to
emphasize the treatment of HF per se. On the other hand,
in patients with HFpEF, admission heart rate and increased
RVSP at admission were associated with early death. The
reason for the first might be that patients with HFpEF have

more preserved chronotropic reserve and they used much
less beta‐blockers. Higher RVSP may be explained with
long‐standing advanced HFpEF with exhausted compensatory
mechanisms. Patients with initially higher levels of RVSP
could not further increase RV performance, and acute addi-
tional RV overload as a result of PE could not be overcome.
Elevated pulmonary arterial pressure is one of the features
of the HFpEF, which is associated with the worse prognosis
in HFpEF patients.30 In addition, HFpEF patients have some
important compensatory mechanisms, such as increased
LVEF and RV hypertrophy, that may overcome the acute raise
of pulmonary arterial pressure as a consequence of acute PE,
and the cardiac output might be preserved despite the
haemodynamic effects of acute PE.31,32

The number of patients who died at 7 days in HFpEF was
low, and the analysis of risk factors in our study should be
taken with caution especially in this subgroup of patients.

The predictive value of brain natriuretic peptides and
cardiac troponins in HFrEF and HFpEF patients with acute
PE might be attenuated and misleading for several reasons.
The blood concentration of BNP in PE patients depends on
the RV overload in the setting of normal LV function.33

However, in the case of LV dysfunction either with reduced
or preserved EF by the pre‐existing disease, both BNP and
NT‐proBNP in blood derived mainly from LV and depend
a lot on concomitant comorbidities.34 We could not ob-
serve a difference between cTnI blood levels between pa-
tients who died and those who survived in both HF
subgroups. These biomarkers are often already elevated in
HF patients depending on the severity of HF and the pres-
ence of comorbidities. Cardiac troponins are also elevated
in patients with acute decompensated HF.35 Frequently
associated features in HF patients with acute PE such as
chronic renal failure, hypertrophic cardiomyopathy, valvular
disease, and ischaemia from the underlying coronary
disease might have strong impact on the cardiac troponin
blood levels.36

Limitations

Because this is a retrospective analysis, data were collected
from the medical documentation, which is frequently imper-
fect. However, we excluded all patients who did not have
clear previous medical documentation, meaning a reliable
history of HF. The inadequate number did not allow the
analysis of a group of patients with HFmrEF. Nevertheless,
several classic risk factors almost perfectly predicted early
mortality in patients without HF. The number of early
deceased patients in both HF groups was relatively small
and precludes any firm conclusion about the value of some
risk factors at admission for the prediction of early death.
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Conclusions

Our study revealed that the history of HFrEF in patients with
acute PE appears to be an independent risk factor for
mortality at 7 days. Moreover, the presence of neither HFrEF
nor HFpEF is not independently associated with 30‐day
all‐cause mortality after acute PE.

Conflict of interest

None declared.

Funding

This research was not funded by any individual or
organization.

References

1. Goldhaber SZ. Venous thromboembo-
lism in heart failure patients: pathophys-
iology, predictability, prevention. J Am
Coll Cardiol 2020; 75: 159–162.

2. Sorensen HT, Horvath‐Puho E, Lash TL,
Christiansen CF, Pesavento R, Pedersen
L, Baron JA, Prandoni P. Heart disease
may be a risk factor for pulmonary
embolism without peripheral deep
venous thrombosis. Circulation 2011;
124: 1435–1441.

3. Fanola CL, Norby FL, Shah AM, Chang
PP, Lutsey PL, Rosamond WD, Cushman
M, Folsom AR. Incident heart failure and
long‐term risk for venous thromboem-
bolism. J Am Coll Cardiol 2020; 75:
148–158.

4. Shah P, Arora S, Kumar V, Sharma S,
Shah H, Tripathi B, Sharma P, Sharma
R, Savani S, Qureshi MR, Faruqi I.
Short‐term outcomes of pulmonary
embolism: a national perspective. Clin
Cardiol 2018; 41: 1214–1224.

5. Gupta R, Ammari Z, Dasa O, Ruzieh M,
Burlen JJ, Shunnar KM, Nguyen HT,
Xie Y, Brewster P, Chen T, Aronow HD,
Cooper CJ. Long‐term mortality after
massive, submassive, and low‐risk
pulmonary embolism. Vasc Med 2020;
25: 141–149.

6. Ng AC, Chung T, Yong AS, Wong HS,
Chow V, Celermajer DS, Kritharides L.
Long‐term cardiovascular and
noncardiovascular mortality of 1023 pa-
tients with confirmed acute pulmonary
embolism. Circ Cardiovasc Qual Out-
comes 2011; 4: 122–128.

7. Ponikowski P, Voors AA, Anker SD,
Bueno H, Cleland JGF, Coats AJS, Falk
V, González‐Juanatey JR, Harjola VP,
Jankowska EA, Jessup M, Linde C,
Nihoyannopoulos P, Parissis JT, Pieske
B, Riley JP, Rosano GMC, Ruilope LM,
Ruschitzka F, Rutten FH, van der Meer
P, ESC Scientific Document Group. 2016
ESC guidelines for the diagnosis and
treatment of acute and chronic heart
failure: the Task Force for the diagnosis
and treatment of acute and chronic heart
failure of the European Society of Cardi-
ology (ESC)Developed with the special
contribution of the Heart Failure

Association (HFA) of the ESC. Eur Heart
J 2016; 37: 2129–2200.

8. Bhatia RS, Tu JV, Lee DS, Aostin PC,
Fang J, Haouzi A, Gong Y, Liu PP. Out-
come of heart failure with preserved
ejection fraction. N Engl J Med 2006;
355: 260–269.

9. Konstatinides SV, Meyer G, Becattini C,
Bueno H, Geersing GJ, Harjola VP,
Huisman MV, Humbert M, Jennings CS,
Jiménez D, Kucher N, Lang IM, Lankeit
M, Lorusso R, Mazzolai L, Meneveau N,
Ní Áinle F, Prandoni P, Pruszczyk P,
Righini M, Torbicki A, van Belle E,
Zamorano JL. 2019 ESC guidelines for
the diagnosis and management of acute
pulmonary embolism developed in col-
laboration with the European Respira-
tory Society (ERS). Eur Heart J 2020;
41: 543–603.

10. Kim J‐H, Shah P, Tantry U‐S, Gurbel PA.
Coagulation abnormalities in heart fail-
ure: pathophysiology and therapeutic
implications. Curr Heart Fail Rep 2016;
13: 319–328.

11. Chung I, Lip GYH. Platelets and heart
failure. Eur Heart J 2006; 27:
2623–2631.

12. Jafri SM, Ozawz T, Mammen E, Levine
TB, Johnson C, Goldstein S. Platelet
function, thrombin and fibrinolytic ac-
tivity in patients with heart failure. Eur
Heart J 1993; 14: 205–212.

13. Ignatelli P, Cangemi R, Celestini A,
Carnevale R, Polimeni L, Martini A,
Ferro D, Loffredo L, Violi F. Tumour
necrosis factor alpha upregulates
platelet CD40L in patients with heart
failure. Cardiovasc Res 2008; 78:
515–522.

14. Chirinos JA, Akers SR, Trieu L,
Ischiropoulos H, Doulias PT, Tariq A,
Vasim I, Koppula MR, Syed AA, Soto‐
Calderon H, Townsend RR, Cappola TP,
Margulies KB, Zamani P. Heart failure,
left ventricular remodeling, and circulat-
ing nitric oxide metabolites. J Am Heart
Assoc 2016 5: e004133.

15. Chin BS, Blann AD, Gibbs CR, Chung
NA, Conway DG, Lip GY. Prognostic
value of interleukin‐6, plasma viscosity,
fibrinogen, von Willebrand factor, tissue

factor and vascual endothelia growth
factors in congestive heart failure. Eur J
Clin Invest 2003; 33: 941–948.

16. Van den Berg VJ, Bouwens E, Umans
VAWM, de Maat M, Manintveld OC,
Caliskan K, Constantinescu AA,
Mouthaan H, Cornel JH, Baart S,
Akkerhuis KM, Boersma E, Kardys I. Lon-
gitudinally measured fibrinolysis factors
are strong predictors of clinical outcome
in patients with chronic heart failure:
the Bio‐SHiFT study. Thromb Haemost
2019; 119: 1947–1955.

17. Maestre A, Trujillo‐Santos J, Riera‐
Mestre A, Jiménez D, di Micco P,
Bascuñana J, Vela JR, Peris L, Malfante
PC. Monreal M; RIETE Investigators.
Identification of low‐risk patients with
acute symptomatic pulmonary embolism
for outpatient therapy. Ann Am Thorac
Soc 2015; 12: 1122–1129.

18. Kucher N, Rossi E, De Rosa M,
Goldhaber SZ. Massive pulmonary em-
bolism. Circulation 2006; 113: 577–582.

19. Aujesku D, Obrosky S, Stone RA, Aueble
TA, Perrier A, Cornuz J, Roy PM, Fine
MJ. Derivation and validation of prog-
nostic model for pulmonary embolism.
Am J Resp Crit Care 2005; 172:
1041–1046.

20. Casazza F, Becattini C, Bongarzoni A,
Cuccia C, Roncon L, Favretto G, Zonzin
P, Pignataro L, Agnelli G. Clinical fea-
tures and short term outcomes of pa-
tients with acute pulmonary embolism.
The Italian Pulmonary Embolism Regis-
try (IPER). Thromb Res 2012; 130:
847–852.

21. Spencer FA, Goldberg RJ, Lessard D,
Reed G, Emery C, Gore JM, Pacifico L,
Weitz JI. Factors associated with adverse
outcomes in outpatients presenting with
pulmonary embolism: the Worcester Ve-
nous Thromboembolism study. Circ
Cardiovasc Qual Outcomes 2010; 3:
390–394.

22. Jiménez D, Aujesky D, Moores L, Gómez
V, Lobo JL, Uresandi F, Otero R, Monreal
M, Muriel A, Yusen RD. Simplification of
the pulmonary embolism severity index
for prognostification in patients with
acute symptomatic pulmonary

Heart failure and pulmonary embolism 4069

ESC Heart Failure 2020; 7: 4061–4070
DOI: 10.1002/ehf2.13015



embolism. Arch Intern Med 2010; 170:
1383–1389.

23. Brubaker PH, Kitzman DW.
Chronotropic incompetence: causes,
consequences and management. Circu-
lation 2011; 123: 1010–1020.

24. Snoer M, Monk‐Hansen T, Olsen RH, Pe-
dersen LR, Nielsen OW, Rasmusen H,
Dela F, Prescott E. Coronary flow
reserve as a link between diastolic and
systolic function and exercise capacity
in heart failure. Eur Heart J Cardiovasc
Imaging 2013; 14: 677–683.

25. Yamamoto T. Management of patients
with high‐risk pulmonary embolism: a
narrative review. Yamamoto J Inten Care
2018; 6: 1–9.

26. Cho JH, Kaw R, Chhabra J, Kola S,
Mahata I, Shahani S, Kocherii A. Prog-
nostic implications of diastolic dysfunc-
tion in patients with acute pulmonary
embolism. BMC Res Notes 2014; 7: 610.

27. Sanchez DJ, de Miguel J, Sam A, Wagner
C, Zamarro C, Nieto R, García L, Aujesky
D, Yusen RD, Jiménez D. The effect of
cause of death classification on
prognostic assessment of patients with

pulmonary embolism. J Thromb Haemost
2011; 9: 2201–2207.

28. Schwarz K, Singh S, Dawson D,
Frenneaux MP. Right ventricular
function in left ventricular disease:
pathophysiology and implications. Heart
Lung Circ 2013; 22: 507–511.

29. Barco S, Mahmoudpour SH, Valerio L,
Klok FA, Münzel T, Middeldorp S, Ageno
W, Cohen AT, Hunt BJ, Konstantinides
SV. Trends in mortality related to
pulmonary embolism in the European
Region, 2000–15: analysis of vital
registration data from the WHO
Mortality Database. Lancet Respir Med
2020; 8: 277–287.

30. Gorter TM, Hoendermis ES, van
Veldhuisen DJ, Voors AA, Lam CS,
Geelhoed B, Willems TP, van Melle JP.
Right ventricular dysfunction in heart
failure with preserved ejection fraction:
a systemic review and meta‐analysis.
Eur J Heart Fail 2016; 18: 1472–1487.

31. Dori G, Rajab I, David K, Naama S,
Moshe V. Ejection fraction in patients
with heart failure and preserved ejection
fraction is greater than in healthy

controls: a meta‐analysis. Eur J Intern
Med 2014; 25: 831–836.

32. Pfeffer MA, Shah AM, Borlaug BA. Heart
failure with preserved ejection fraction
in perspective. Circ Res 2019; 124:
1598–1617.

33. Pasha SM, Klok FA, van der Bijl N, de
Roos A, Kroft LJ, Huisman MV. NT‐pro‐
BNP levels in patients with acute pulmo-
nary embolism are correlated to right
but not left ventricular volume and
function. Thromb Haemost 2012; 108:
367–372.

34. Salah K, Stienen S, Pinto YM, Eurlings
LW, Metra M, Bayes‐Genis A, Verdiani
V, Tijssen JGP, Kok WE. Prognosis and
NT‐proBNP in heart failure patients
with preserved versus reduced ejection
fraction. Heart 2019; 105: 1182–1189.

35. Peackok FM, de Marco T, Fonarow GC,
Diercks D, Wynne J, Apple FS, Wu
AHB. Cardiac troponin and outcome in
acute heart failure. New Engl J Med
2008; 358: 2117–2126.

36. Torre M, Jarolim P. Cardiac troponin as-
says in the management of heart failure.
Clin Chim Acta 2015; 441: 92–98.

4070 O. Slobodan et al.

ESC Heart Failure 2020; 7: 4061–4070
DOI: 10.1002/ehf2.13015



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


