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The risk factors for all-cause in-hospital 
death in patients with acute pulmonary 
embolism

ABSTRACT
Introduction: Patient risk stratification is important in managing individuals with suspected acute pulmo-

nary embolism (APE). The aim of this study was to determine risk factors for in-hospital mortality among 

real-world patients who had undergone computed tomography pulmonary angiography (CTPA) due to 

suspected APE. 

Material and methods: Retrospective analysis of clinical data extracted from the medical documentation 

of 700 consecutive patients in whom CTPA was performed due to APE suspicion. 

Results: APE was confirmed in 22.7% of the patients in the sample. In-hospital death was recorded in 

10.1% and 12.4% of patients with and without APE confirmed in CTPA, respectively. APE-related death 

was diagnosed in 37.5% of the APE patients who died during hospitalization. Compared to patients who 

were discharged from hospital, those who died during hospitalization had a greater prevalence of comor-

bidities (e.g., neoplasm) and higher values of laboratory determinations and prognostic rule scores. An 

age-adjusted high-sensitivity troponin I (hs-TNI) cut-off and Pulmonary Embolism Severity Index (PESI) 

score were found to be independent risk factors of in-hospital death, but only in the whole study group 

and in patients without APE confirmed in CTPA. The area-under-the-curve value for all the parameters 

studied was lower than 0.6. 

Conclusions: Age-adjusted hs-TNI cut-off and PESI score were independent risk factors for in-hospital death 

in patients with APE suspicion. The predictive power of standard stratifying tools is insufficient in real-world 

patients with suspected APE. Patients with suspected APE require careful diagnosis and management of 

comorbidities because these may affect the in-hospital mortality rate.
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Introduction

The aggressiveness of acute pulmonary embolism 
(APE) management is related to the severity of the clin-
ical course and a prognosis of early mortality. In order 
to widen the range of therapeutic strategies, reliable 
tools for risk stratification are required to identify quali-
fying patients. A strategy for APE patient management, 
especially for normotensive patients, consists of: (a) 
estimating the risk of deep vein thrombosis (DVT), e.g., 
using the Padua or Caprini rule, and DVT diagnosis; (b) 

assessment of the risk of APE on the basis of empirical 
clinical judgment, Wells or Geneva score, or D-dimer 
cut-offs (standard and age- adjusted); (c) making an 
APE diagnosis on the basis of symptoms and imaging 
in computed tomography pulmonary angiography 
(CTPA), including identifying the type of embolus 
(e.g., air, fluid, fat, or solid materials, such as throm-
bus or carcinomatous cells) and making a differential 
diagnosis in order to exclude other diseases of the 
pulmonary arteries or other causes of the symptoms 
presented; (d) classifying APE severity and determin-
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ing early (in-hospital or 30-day) mortality probability; 
(e) decisions concerning potential indications and 
contraindications for the various kinds of APE therapy 
being considered on the basis of the outcomes of the 
patient’s work-up (e.g., anticoagulants as home or 
in-hospital [with or without early discharge] therapy, 
systemic or catheter-directed thrombolysis, surgical 
embolectomy, or percutaneous thrombectomy) [1]; 
(f) the application of APE treatment; and (g) assessing 
the type and strength of provoking factors for a throm-
boembolic event (e.g., a transient provoking risk factor 
[strong, moderate, mild], unprovoked idiopathic APE, 
coexisting neoplasm [cancer-associated thrombosis 
(CAT)], or pregnancy) that could affect the risk of DVT 
recurrence, in order to guide the duration of anticoag-
ulation in secondary and prolonged thromboembolism 
prevention [2–4]. One important part of the aforemen-
tioned strategy is the assessment of APE severity and 
APE-related risk with respect to the probability of early 
(in-hospital or 30-day) death; this type of assessment, 
as stated above, influences not only the patient’s 
prognosis but also the aggressiveness of the therapy 
undertaken (risk-adjusted management). The recent 
2019 European Society of Cardiology (ESC) recom-
mendations on APE management [3] suggest APE 
severity assessment on the basis of the presence of 
hypotension (high-risk patients) and, in normotensive 
patients, the use of stratification tools. Such tools in-
clude: (a) calculation of Pulmonary Embolism Severity 
Index (PESI) or simplified PESI (sPESI) scores and the 
patient’s qualification to one of five PESI risk classes 
or to one of two sPESI classes; (b) ESC classification 
of pulmonary embolism severity and the risk of early 
death (low/intermediate-low/intermediate-high/high); 
(c) determination of blood high-sensitivity troponin 
I (hs-TNI) or high-sensitivity troponin T (hs-TNT) 
concentration cut-offs (standard and age-adjusted); 
(d) assessment for signs of right ventricular (RV) 
pressure overload in transthoracic echocardiogra-
phy (TTE) or RV enlargement in CTPA; and, in some 
cases, (e) determination of blood N-terminal proB-
type natriuretic peptide (NT-proBNP) concentration 
cut-off (mostly ≥ 600 pg/ml) [2, 3]. Researchers have 
also suggested using the following stratifying tools: 
the presence of coexisting DVT in patients at inter-
mediate-low risk of short-term complications [5]; (b) 
selected parameters of CTPA imaging [6–8], as well 
as various combinations of the parameters, some of 
which are mentioned above, such as (i) D-dimer cut-off 
with sPESI [9], (ii) PESI with NT-proBNP, hs-TNT, and 
high-sensitivity C-reactive protein cut-offs [10] and (iii) 
PESI, sPESI and Bova scores with additional patient 
stratification on the basis of systolic blood pressure 
[11]; and (c) a combination of a quick Sequential Or-
gan Failure Assessment (qSOFA) score with particular 
ECG signs [12]. 

As real-world data on the impact of advances in 
APE patient risk stratification on in-hospital mortality 
are limited, we performed a retrospective analysis in 
order to determine the prognostic power of standard 
stratifying tools in the prediction of in-hospital death 
among consecutive, real-world patients with suspected 
APE who underwent CTPA during three years in one 
Polish university hospital.  

Material and methods

Patients

We conducted a retrospective analysis of the 
medical documentation of 700 consecutive real-world 
inpatients who underwent CTPA due to suspected APE 
between January 2017 and January 2020. Patients were 
selected on the basis of a chest angiography referral, 
regardless of the ward to which they had been admitted.

Methods

For all consecutive patients with suspected APE, 
we extracted the following from the electronic medical 
database: demographic data, presenting symptoms, 
and descriptions of CTPA performed by an experienced 
radiologist. The occurrence of in-hospital all-cause 
death and details of the causes of those deaths were 
also analyzed. 

We calculated the following on the basis of the 
available data: (a) Padua and Caprini prediction scores 
for DVT risk assessment; (b) original (with three levels: 
low/intermediate/high) and simplified (with two lev-
els: unlikely, likely) Wells and Geneva scores for DVT 
probability assessment; (c) standard (≥ 500 ng/ml) and 
age-adjusted (age x 10 ng/mL, for patients aged > 50y) 
cut-offs for blood D-dimer concentrations [2, 3]; (d) orig-
inal and simplified Wells and Geneva scores for APE risk 
assessment; (e) PESI and sPESI scores; (f) prevalence 
of an intermediate risk of in-hospital death according to 
2014 ESC Guidelines; (g) prevalence of the respective 
classes of pulmonary embolism severity and the risk of 
early (in-hospital or 30-day) death on the basis of hy-
potension or the presence of shock, and/or signs of RV 
pressure overload in TTE or RV enlargement in CTPA; 
blood hs-TNI concentration above established cut-offs 
(standard: 0.014 ng/ml; age-adjusted: age < 75y, hs-
TNI ≥ 0.014 ng/ml; age ≥ 75y, hs-TNI ≥ 0.045 ng/ml [3]), 
and a blood NT-proBNP concentration cut-off ≥ 600 pg/ml 
according to 2019 ESC Guidelines [3].

Outcomes measured

The primary outcome measured was all-cause 
in-hospital death.
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Bioethics

The study protocol was approved by a local Bioeth-
ical Committee at Ludwik Rydygier Collegium Medicum 
in Bydgoszcz, Nicolaus Copernicus University No. 
161/2020, on March 31, 2020. The analyses were con-
ducted in compliance with the Declaration of Helsinki 
for medical research. This study was registered in our 
hospital under No. 33/2020.

Statistics

Statistical analysis was conducted using the li-
censed version of the statistical software Statistica ver-
sion 13.1 (data analysis software) developed by Tibco 
Software, Inc. (2017). The statistical significance level 
was set at a p-value of < 0.05. The normal distribution 
of the study variables was verified using the Kolmogor-
ov-Smirnov test. The power of all statistically significant 
comparisons was at least 90%. The results were pre-
sented as the mean ± standard deviation, or n, %. The 
statistical significance of differences between groups 
was verified using the Student’s t-test for parametric 
quantitative variables and the Chi2 test for qualitative 
variables. Logistic regression was used to determine 
the odds ratios (OR) and 95% confidence intervals (95% 
CI) of independent factors associated with in-hospital 
death for the whole study group, for patients with APE, 
and for patients without APE confirmed in CTPA. The 
discrimination of each risk score in predicting in-hos-
pital mortality was also calculated by measuring the 
area under the curve (AUC) with a 95% CI in receiver 
operating characteristic (ROC) analysis.

Results

An APE diagnosis was confirmed in 159 (22.7%) 
of all 700 patients who underwent CTPA due to sus-
pected APE during the three-year period examined in 
our study (Tab. 1). In terms of the whole study group, 
in-hospital mortality amounted to 11.9%, affecting 10.1% 
and 12.4% of patients with and without APE confirmed 
in CTPA (p = 0.34), respectively. When patients were 
grouped in relation to the five (I–V) PESI classes, in-hos-
pital mortality amounted to 2.7%, 5.6%, 7.9%, 13.8%, 
and 31.4%, respectively. Whereas, among high-risk pa-
tients classified with regard to an sPESI score ≥ 1, 15.3% 
of patients died during hospitalization. We also found 
that, in relation to ESC classification by APE severity 
and early mortality [3], for patients with low, intermedi-
ate-low, intermediate-high, or high risk of early mortality, 
the in-hospital death rates amounted to 4.4%, 10.7%, 
16.5%, and 34.1%, respectively. Among patients with 
APE confirmed in CTPA, the most prevalent diagnoses 

of the cause of death were APE-related (37.5%), pneu-
monia (37.5%), stroke (12.5%), and sepsis (12.0%). 
However, among patients without confirmation of APE, 
the most prevalent final diagnoses of thecause of death 
were: pneumonia (28.4%), sepsis (22.4%), cardiac dis-
orders (17.9%), end-stage cancerous disease (11.9%), 
and stroke (10.5%).  

Compared to patients who were discharged, pa-
tients with APE confirmed in CTPA who died during 
hospitalization had a significantly higher prevalence of 
cancerous disease, higher Padua and Caprini scores 
for DVT risk assessment, and higher blood D-dimer 
concentration, with no difference in prevalence re-
garding the established cut-offs; higher blood hs-TNI 
concentration and were more likely to be above the 
age-adjusted cut-off; higher PESI and sPESI scores, 
higher prevalence among those in PESI risk class V and 
those with an sPESI risk class ≥ 1; as well as being less 
likely to be in a low-risk category and more likely to be 
in the intermediate-high and high classes of ESC clas-
sification of APE severity and risk of early mortality (Tab. 
1). Similar differences between patients who died and 
those who survived were observed among individuals 
without APE confirmed in CTPA when we compared the 
respective subgroups of patients with and without APE 
confirmation in CTPA (Tab. 1). Among individuals who 
died during hospitalization, those with APE confirmed 
in CTPA had a greater prevalence of a high category of 
risk of early death according to ESC classification than 
patients without an APE confirmation in CTPA (Tab. 1).

Risk factors for in-hospital death 

Using univariate analysis, we found that patients with 
higher scores for the prognostic rules and those who 
were above the biochemical parameter cut-off thresholds 
were more likely to die during hospitalization than their 
counterparts (data not presented). However, in multivar-
iate analysis, performed using a multiple logistic regres-
sion method, the independent risk factors for in-hospital 
all-cause death for the whole study group and in patients 
without an APE confirmation in CTPA were age-adjusted 
hs-TNI cut-off and the class of risk according to PESI 
score (Tab. 2). Among patients with a confirmation of 
APE in CTPA, none of the known risk factors for early 
mortality was statistically significant (Tab. 2).  

The diagnostic power of the parameters studied to 
predict in-hospital all-cause mortality 

We also performed ROC analysis to determine the 
AUC for the respective stratifying parameters (Table 3). 
Almost all the parameters analyzed were statistically 
significant in predicting the occurrence of in-hospital 
death, although we failed to determine statistically 
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Table 1. Clinical characteristics of patients with pulmonary embolism confirmed in CTPA in relation to in-hospital death

Parameter With APE confirmed  
in CTPA (n = 159)

Without APE confirmed  
in CTPA  (n = 541)

In-hospital  
death

(n = 16; 10.1%)

Discharged  
from hospital

(n = 143; 89.9%)

In-hospital  
death

(n = 67; 12.4)

Discharged  
from hospital

(n = 474; 87.6%)

Male gender (n, %) 9 (56.3%) 64 (44.8%) 32 (47.8%) 216 (45.6%)

Age (years) 69.13 ± 6.50 65.11 ± 20.52 70.8 ± 14.7 65.16 ± 16.2*

History of cancerous disease (n, %) 6 (37.5%) 28 (19.6%)* 11 (16.4%)# 81 (17.1%)

DVT diagnosis (n, %) 2 (12.5%) 45 (31.5%) 6 (9.0%) 51 (10.8%)

Bilateral pulmonary embolism (n, %) 9 (56.3%) 101 (70.6%) 0 0

Pulmonary artery dilatation (n, %) 8 (50.0%) 93 (65.0%) 22 (32.8%) 180 (38.0%)

Padua Prediction Score for DVT risk 
assessment

4.78 ± 3.23 2.71 ± 2.64* 3.7 ± 2.8# 2.3 ± 2.1*

Padua Prediction Score ≥ 4 (n, %) 5 (31.3%) 35 (24.5%) 27 (40.3%) 91 (19.2%)*

Caprini score for DVT risk assessment 5.64 ± 2.54 2.63 ± 1.72* 3.4 ± 2.1# 2.96 ± 2.1

Caprini score for DVT risk (2/3) (n, %) 4 (25.0%)/
6 (37.5%)

43 (30.1%)/
9 (6.3%)*

22 (32.8%)/
13 (19.4%)

96 (20.3%)/
40 (8.4%)

Original Wells score 2.31 ± 1.66 3.03 ± 2.37 2.2 ± 1.8 1.6 ± 1.7*

Simplified Wells score 1.63 ± 1.15 1.60 ± 1.10 1.35 ± 1.0 0.95 ± 0.9*#

Clinical probability of APE according to 
simplified Wells score (likely) (n, %)

 7 (43.8%) 73 (51.0%) 26 (38.8%) 109 (23.0%)*# 

Geneva score 6.06 ± 3.55 6.68 ± 2.88 6.0 ± 2.5 5.0 ± 2.6*

Clinical probability of APE according to 
simplified Geneva score (likely) (n, %)

12 (75.0%) 88 (61.5%) 38 (56.7%)# 192 (40.5%)*#

D-dimer (ng/ml)
(data available for 509 patients)

20585 ± 19550 10268 ± 10092* 12667.1 ± 
14397.5

4299.43 ± 7613.7*

Age-adjusted D-dimer cut-offs (10*age) 
(n, %)

12 (100%) 100 (97.0%) 52 (100%) 308 (90.3%)

Signs of RV overload in transthoracic 
echocardiography (data available for 128 
patients) (n, %)

2 (12.5%) 52 (36.4%) 7 (10.4%) 67 (14.1%)

hs-TNI (ng/ml)
(data available for 544 patients)

0.28 ± 0.52 0.09 ± 0.22* 0.2 ± 0.3 0.1 ± 0.2*

hs-TNI  ≥ 0.014 ng/ml (n, %) 14 (100%) 93 (79.5%) 51 (94.4%) 249 (68.8%)*#

Age-adjusted troponin cut-offs 
(age < 75y, troponin ≥ 0.014 ng/ml; age ≥ 
75y, troponin ≥ 0.045 ng/ml) (n, %)

13 (92.9%) 77 (65.8%) * 49 (90.7%) 185 (51.5%)*#

NT-proBNP (pg/ml)
(data available for 401 patients)

4233.75 ± 4115.9 4069.34 ± 6584.4 8504.2 ± 
10019.2#

4245.42 ± 80818.2*#

NT-proBNP ≥ 600 pg/ml (n, %) 7 (87.5%) 79 (67.0%)* 25 (92.6%) 150 (60.5%)*

PESI score 142.94 ± 44.4 93.85 ± 34.95* 124.83 ± 38.5 92.03 ± 33.4*

Risk class according to PESI score 
(III/IV/V) (n, %)

 4 (25.0%)/ 
2 (12.5%)/ 
10 (62.5%)

40 (28.0%)/
16 (11.2%)/
27 (18.9%)*

10 (14.9)/
10 (14.9%)/
34 (50.7%)

124 (26.2%)/
59 (12.4%)/
69 (14.6%)*

sPESI score 2.31 ± 1.40 1.24 ± 1.17* 2.2 ± 1.3 1.4 ± 4.8

Risk class according to sPESI score  
(≥ 1 score) (n, %)

16 (100%) 96 (67.1%)* 57 (85.1%) 308 (65.0%)*

ESC classification of APE severity and 
risk of early death: low/ intermediate-low/
intermediate-high/high (n, %)

0 (0%)/
1 (6.3%)/

6 (37.5%)/
9 (56.3%)

58 (40.6%)/
10 (7.0%)/

48 (33.6%)/
27 (18.9%)*

12 (17.9%)/
11 (16.4%)/
39 (58.2%)

5 (7.5%)

204 (43.0%)/
90 (19.0%)/

180 (38.0%)*#
0

APE — acute pulmonary embolism; CTPA — computed tomography pulmonary angiography; DVT — deep vein thrombosis; ESC — European Society of 
Cardiology; hs-TNI — high-sensitivity troponin I; NT-proBNP — N-terminal proB-type natriuretic peptide; PESI — Pulmonary Embolism Severity Index; RV 
— right ventricular; sPESI — simplified Pulmonary Embolism Severity Index. * — p < 0.05 for differences between values obtained between subgroups 
among patients with and without APE confirmation; # — p < 0.05 for differences between subgroups of patients with and without APE confirmation
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Table 2. Risk factors for in-hospital death for the whole study group and in patients with and without APE confirmed in 
CTPA: multiple logistic regression results

Parameter Whole study group Patients with APE 
confirmed in CTPA 

Patients without APE 
confirmed in CTPA

OR; 95% CI p OR; 95% CI p OR; 95% CI p

Age-adjusted blood hsTNI concentration 5.9; 2.6-13.4 < 0.01 2.2; 0.2-20.8 0.48 7.1; 2.8-17.7 < 0.01

NT-proBNP ≥ 600 pg/ml 1.2; 0.5-2.8 0.64 1.8; 0.2-17.4 0.60 1.6; 0.6-4.6 0.30

PESI (likely) 2.6; 1.6-4.3 < 0.01 0.9; 0.1-12.1 0.90 2.2; 1.6-3.1 < 0.01

ESC classification of pulmonary  
embolism severity and risk of early death

0.6; 0.2-1.4 0.21 6.2; 0.1-62.4 0.43 0.6; 0.4-1.1 0.16

APE — acute pulmonary embolism; CI — confidence interval; CTPA = computed tomography pulmonary angiography/angiogram; ESC — 
European Society of Cardiology; hs-TNI — high-sensitivity troponin I; NT-proBNP — N-terminal proB-type natriuretic peptide; OR — odds ratio; 
PESI — Pulmonary Embolism Severity Index

Table 3. AUC in ROC analysis of the power to predict risk of in-hospital mortality for the whole study group and in 
patients with and without APE confirmed in CTPA

Parameter Whole study group APE confirmed in CTPA APE not confirmed in CTPA 

AUC; 95% CI; p AUC; 95% CI; p AUC; 95% CI; p

Age 0.45; 0.35–0.48; p < 0.01 0.48; 0.37–0.59; p = 0.71 0.40; 0.33–0.47; p < 0.01

Male gender 0.48; 0.41–0.55; p = 0.55 0.48; 0.30–0.60; p = 0.49 0.49; 0.41–0.56; p = 0.73

Padua score 0.36; 0.28–0.44; p < 0.01 0.31; 0.12–0.50; p = 0.05 0.36; 0.27–0.46; p < 0.01

Caprini score 0.39; 0.32–0.47; p < 0.01 0.15; 0.04–0.27; p < 0.01 0.45; 0.37–0.53; p = 0.19

Original Wells score 0.43; 0.37–0.49; p = 0.02 0.58; 0.47–0.70; p = 0.16 0.38; 0.31–0.45; p < 0.01

Simplified Wells score 0.41; 0.35–0.47; p < 0.01 0.51; 0.38–0.65; p = 0.84 0.38; 0.31–0.45; p < 0.01

Three-level original Wells APE 
probability

0.40; 0.34–0.46; p < 0.01 0.47; 0.33–0.61; p = 0.66 0.40; 0.34–0.46; p < 0.01

Original Geneva score 0.44; 0.37–0.50; p = 0.04 0.55; 0.40–0.70; p = 0.49 0.39; 0.33–0.46; p = 0.043

Three-level original Geneva APE 
probability

0.44; 0.38–0.50; p = 0.06 0.54; 0.38–0.69; p = 0.66 0.41; 0.34–0.48; p < 0.01

Simplified Geneva score (likely) 0.42; 0.35–0.48; p = 0.01 0.46; 0.31–0.61; p = 0.56 0.42; 0.35–0.48; p = 0.012

Blood D-dimer concentration 0.25; 0.19–0.30; < 0.01 0.36; 0.17–0.55; p = 0.15 0.19; 0.14–0.25; p < 0.01

Blood hs-TNI concentration 0.23; 0.18–0.29; < 0.01 0.29; 0.16–0.43; p < 0.01 0.21; 0.15–0.27; p < 0.01

Blood NT-proBNP concentration 0.30; 0.23–0.38; < 0.01 0.38; 0.22–0.53; p = 0.12 0.27; 0.19–0.36; p < 0.01

Intermediate APE severity 
according to 2014 ESC 
Guidelines

0.38; 0.32–0.44; < 0.01 0.41; 0.27–0.54; p = 0.17 0.38; 0.32–0.44; p < 0.01

PESI score 0.25; 0.19–0.30; < 0.01 0.19; 0.09–0.28; p < 0.01 0.26; 0.19–0.32; p < 0.01

PESI class of early mortality risk 
(I–V)

0.26; 0.20–0.31; < 0.01 0.20; 0.11–0.30; p < 0.01 0.27; 0.20–0.34; p < 0.01

sPESI score 0.28; 0.22–0.34; < 0.01 0.28; 0.16–0.39; p < 0.01 0.28; 0.12–0.35; p < 0.01

Early mortality risk sPESI class 
(≥ 1)

0.39; 0.33–0.45; p < 0.01 0.33; 0.23–0.45; p < 0.01 0.41; 0.34–0.47; p < 0.01

ESC classification of pulmonary 
embolism severity and risk of 
early death 

0.41; 0.34–0.47; p < 0.01 0.31; 0.20–0.42; p < 0.01 0.49; 0.40–0.58; p = 0.82

APE — acute pulmonary embolism; AUC — area under the curve; CI — confidence interval; CTPA — computed tomography pulmonary angiog-
raphy/angiogram; ESC — European Society of Cardiology; hs-TNI — high-sensitivity troponin I; NT-proBNP — N-terminal proB-type natriuretic 
peptide; PESI — Pulmonary Embolism Severity Index; ROC — receiver operating characteristic; sPESI — simplified Pulmonary Embolism Sever-
ity Index
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and clinically significant cut-offs in the three patient 
subgroups analyzed (Tab. 3). The greatest AUCs were 
obtained for patients’ age (the whole study group), early 
mortality risk sPESI class (≥ 1) (in patients without APE 
confirmed in CTPA), and simplified Geneva score (for 
patients without APE confirmed in CTPA). However, 
none of the parameters and/or rules studied reached 
a statistically significant AUC with values greater than 
0.6, which indicates the low clinical usefulness of the 
parameters studied in real-world patients suspected 
of having APE.

Discussion

Among the large sample of consecutive real-world 
patients who had undergone CTPA due to suspected 
APE that we studied, the average overall risk of all-cause 
in-hospital death was high and amounted to 10-12%. 
When we compared our patients with data reported in 
recent ESC Guidelines on APE management, the av-
erage mortality rate observed was also higher in PESI 
classes III–V (30-day mortality ranged from 3.2–7.1%, 
4.0–11.4%, and 10.0–24.5%, respectively) and in 
high-risk patients stratified according to the sPESI rule 
(10.9%) [3]. The risk of all-cause in-hospital death in our 
study was also higher than in meta-analyses by Barco et 
al. [13] and Elias et al. [14], who showed early all-cause 
mortality rates in low-risk APE patients amounted to 
1.5–2.3%, and 10.7–11.4% in the high-risk group. Other 
authors also reported lower APE patient mortality than 
we found in our study. For example a 1.2% mortality 
rate among low-risk APE patients classified using PESI 
and sPESI score [10], a 6.4% 30-day adverse outcome 
rate among normotensive (non-high-risk) patients [16], 
a 7.7–10% 30-day mortality rate in the overall group [17, 
18], and a 2.1% and 23.0% mortality rate for low- and 
high-risk APE patients [7]. Ebner et al. [19] and Soriano 
et al. [20] showed similar rates to those observed by us 
for in-hospital all-cause mortality, which in their studies 
amounted to 12.2% for the overall patient cohort [19], 
3.25% for an sPESI score of 0 and 19.51% for an sPESI 
score ≥ 1, and 20% among those with a high-risk PESI 
score (classes III–V) [20]. 

In our study, we found that clinical factors associ-
ated with a complicated APE course were also useful 
in predicting in-hospital all-cause mortality among pa-
tients in whom APE was not confirmed in CTPA (Tab. 
2). However, multivariate analysis showed only that 
age-adjusted hs-TNI cut-off and PESI score (likely) were 
independent factors influencing the risk of in-hospital 
death. The strength of these relationships in our study, 
expressed by OR values, was similar to that reported 
by Darwish et al. [15] for hs-TNI, by Barco et al. [13] 
for NT-proBNP, and by Soriano et al. [20] for PESI 

score. However, it should be underlined that in our 
study group, even among patients with APE confirmed 
in CTPA, APE was documented as the final cause of 
death in only 37.5% of patients. The other main causes 
of death in the APE group included pneumonia and 
sepsis, similar to patients in whom suspected APE was 
not confirmed. These data corroborate reported causes 
of long-term mortality after massive, submassive, and 
low-risk pulmonary embolism: malignancy, cardiac 
disease, respiratory disease, and APE [17].  

To determine the predictive power of the param-
eters studied, we also performed ROC analysis for 
the whole study group and patients with and without 
APE confirmed in CTPA (Table 3). However, we failed 
to determine clinically useful cut-off values for the pa-
rameters we studied in order to analyze their predictive 
power or to create and validate combinations of these 
parameters. Moreover, the AUC-ROC obtained for the 
parameters studied was lower than 0.6, which indicates 
that they have insufficient power for use in predicting 
in-hospital mortality among a real-world population of 
patients who had undergone CTPA due to suspected 
APE. Higher AUC-ROC values than were obtained in our 
study (approximately 0.25-0.45; Tab. 3) in the prediction 
of APE complications were found, for example, by Jia et 
al. [8] for a combination of RV to left ventricular (RV/LV) 
volume ratio, central pulmonary artery embolism and 
right atria/left atria (RA/LA) volume ratio (AUC = 0.86); 
by Kozłowska et al. [9] using a stratification model com-
bining sPESI score with a D-dimer cut-off > 1.35 mg/L 
(AUC = 0.67); by Vamsidhar et al. [21] using RV/LV 
volume ratio (AUC = 0.94, Qanadli index, which is 
a measure of clot burden in CTPA, and NT-proBNP 
(AUC = 0.81); and by Jen et al. [7], who obtained the 
following AUC for PESI, sPESI, and ESC classification of 
APE severity and early mortality scores: 0.67, 0.58 and 
0.65, respectively. In a study by Barnes et al. [11], 
each of the risk stratification tools for APE patients had 
a modest level of discrimination for 7-day mortality (AUC 
range: 0.62-0.67), with slightly lower discrimination for 
30-day mortality (AUC range: 0.55-0.69). The most likely 
cause of these inconsistencies between our results 
and the findings of the other authors is the comorbidity 
burden on the real-world patients in our study, which 
was demonstrated, for example, by the diagnoses of 
death given by the lead doctors in our hospital. In our 
study, this comorbidity burden was also demonstrated 
by a greater prevalence of cancerous disease, as well as 
by higher Padua and Caprini scores (Tab. 1). The other 
potential cause of the observed discrepancies was the 
retrospective calculation of DVT and APE probability 
and severity scores, which in many cases was based 
on documented values of the parameters analyzed and 
might not always reflect the true clinical scenario of the 
patient, and thus could be a source of bias. On the other 
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hand, our observations showed that independent of the 
presence of APE signs in CTPA, every patient needs 
personalized management and to have comorbidities 
that may potentially affect his or her prognosis taken into 
account, as well as indications and contraindications 
for standard management. 

Our study may also suggest underuse of risk assess-
ment among real-world patients with suspected APE. 
This statement can be supported by our finding that 
only 22.7% of the CTPA examinations performed were 
positive for APE, that blood D-dimer concentration was 
determined in only 509 (72.7%) of the patients studied, 
and transthoracic echocardiography was performed 
before ordering CTPA in only 128 patients (18.3%). On 
the other hand, the percentage of patients with a D-di-
mer determination performed before CTPA in our study 
was greater than in the study by Perera et al. [22], who 
reported that D-dimer determination was documented in 
only 64/344 (18.4%) of the cases analyzed. Perera et al. 
[22] suggested that more than 50% of CTPA examina-
tions performed were unwarranted, due to inadequate 
pre-test probability estimation. This demonstrates the 
need to introduce APE and DVT diagnostic algorithms 
into everyday real-world clinical practice, in order to 
reduce patients’ exposure to X-rays and to increase 
the efficiency of resource utilization.

Study limitations

As with the majority of investigations, our study also 
had some limitations. The first limitation of our study is 
its retrospective nature. The second limitation is that the 
scores for the rules used in predicting DVT risk and APE 
probability and severity were seldom recorded in the 
available medical documentation and were calculated 
post-factum on the basis of the available data, which 
may be a source of bias. A third is that laboratory 
determinations were not available for all the patients 
analyzed; for example, blood D-dimer concentrations 
were available for only 72.7% of the patients studied. 
A fourth limitation is that follow-up was limited only to 
the hospitalization period and was not extended to 
30 days, as in other studies. Therefore, we could not 
calculate the risk of 30-day mortality, as in the majority 
of the available papers. 

Conclusion

An age-adjusted troponin cut-off and Pulmonary 
Embolism Severity Index (PESI) score were found to be 
independent risk factors of in-hospital death, but only 
in the whole study group and in patients without APE 
confirmed in CTPA; however, their clinical usefulness 
seems to be low due to small AUC values. The use of 

recent ESC Guidelines for the diagnosis and manage-
ment of APE in the day-to-day real-world management 
of patients with suspected APE should be improved. 
Moreover, every patient with suspected APE needs 
a personalized and holistic diagnosis as well as risk-ad-
justed management due to DVT and APE comorbidity, 
as these could affect the risk of in-hospital mortality and 
probably decrease the prognostic power of standard 
APE patient stratification tools.
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