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ABSTRACT The European Society of Cardiology (ESC) has proposed an updated risk stratification model
for death in patients with acute pulmonary embolism based on clinical scores (Pulmonary Embolism
Severity Index (PESI) or simplified PESI (sPESI)), right ventricle dysfunction (RVD) and elevated serum
troponin (2014 ESC model).

We assessed the ability of the 2014 ESC model to predict 30-day death after acute pulmonary embolism.
Consecutive patients with symptomatic, confirmed pulmonary embolism included in prospective cohorts
were merged in a collaborative database. Patients’ risk was classified as high (shock or hypotension),
intermediate-high (RVD and elevated troponin), intermediate-low (RVD or increased troponin or none)
and low (sPESI 0). Study outcomes were death and pulmonary embolism-related death at 30 days.

Among 906 patients (mean±SD age 68±16, 489 females), death and pulmonary embolism-related death
occurred in 7.2% and 4.1%, respectively. Death rate was 22% in “high-risk” (95% CI 14.0–29.8), 7.7% in
“intermediate-high-risk” (95% CI 4.5–10.9) and 6.0% in “intermediate-low-risk” patients (95% CI 3.4–8.6).
One of the 196 “low-risk” patients died (0.5%, 95% CI 0–1.0; negative predictive value 99.5%).

By using the 2014 ESC model, RVD or troponin tests would be avoided in about 20% of patients (sPESI
0), preserving a high negative predictive value. Risk stratification in patients at intermediate risk requires
further improvement.
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Introduction
Acute pulmonary embolism is a common, potentially life-threatening disease [1]. In patients with acute
pulmonary embolism, the risk of death is particularly high in the first days and then declines over time
[2]. Therefore, risk stratification for short-term death is recommended to drive clinical management in the
acute phase [3]. Clinical presentation and related scores, right ventricle dysfunction (RVD) and increased
levels of serum troponin were shown to be associated with the risk of early death [4–8].

A risk stratification model was proposed in the 2008 European Society of Cardiology (ESC) guidelines on
the clinical management of patients with acute pulmonary embolism [9]. This model was updated in the
2014 ESC guidelines by introducing two major changes in the risk stratification of haemodynamically
stable patients [3]. First, the Pulmonary Embolism Severity Index (PESI) or simplified PESI (sPESI) drive
further prognostic assessment. Indeed, PESI or sPESI identify patients at “low risk”, i.e. those in which
proceeding with risk stratification is not considered necessary, and patients at “intermediate risk”, i.e. those
that should proceed to the evaluation of RVD and serum troponin. Second, among intermediate-risk
patients, those with both RVD and elevated troponin are categorised as at “intermediate-high” risk while
all the other patients (those with either RVD or elevated troponin and with both absent) are categorised as
at “intermediate-low” risk.

The aim of this study is to assess the ability of the 2014 ESC model to predict 30-day mortality in a population
of patients with acute pulmonary embolism obtained by merging disease-specific prospective databases from
four European countries. We also compared the prognostic value of the 2014 and 2008 ESC models.

Methods
Study design and patient population
Consecutive patients with symptomatic, objectively confirmed pulmonary embolism from 2010 up to 2014
were included in prospective cohorts (three cohorts) that were subsequently merged in a collaborative
database. Patients were included in the study provided that data on the sPESI score, RVD and serum
troponin as well as data on 30-day mortality were available.

sPESI score was assessed as previously described (1 point for each of the following: age >80 years, systolic
blood <100 mmHg, heart rate ⩾110 beats·min–1, oxygen saturation <90%, history of cancer, congestive heart
failure or pulmonary diseases) [5]. RVD was assessed by either echocardiography or computed tomography
(CT) angiography. At echocardiography, RVD was defined by the presence of at least one of the following:
1) right-to-left ventricle end-diastolic diameter ratio >1 in apical four-chamber view, 2) right-to-left ventricle
end-diastolic diameter ratio >0.6 in parasternal long-axis or subcostal four-chamber view and 3) right
ventricle/right atrial pressure gradient >30 mmHg [10]. RVD was not considered of acute onset in the
presence of right ventricle wall thickness >7 mm or documentation of right ventricle overload at previous
examinations. At CT angiography, RVD was defined as a right-to-left maximum dimension ratio >0.9 when
measured in the two-dimension axial transverse images at the valvular plane [10]. Serum troponin levels
were evaluated as normal or elevated by the local assays and according to local cut-off values.

The study was approved by the Institutional Review Board of the coordinating centre.

Study outcomes were death and pulmonary embolism-related death at 30 days. The cause of in-hospital
death was adjudicated by the local investigator at each participating centre. Pulmonary embolism was
considered the cause of death based on the autopsy or objective testing performed before death or in case
of sudden death that could not be explained by a more compelling alternative diagnosis [11].

Study analysis
Frequency data are presented as proportions with 95% confidence intervals. Continuous data are shown as
mean±SD. Students t-test and the Chi-squared test or Fisher’s exact test were used for comparisons of
continuous and nominal variables, respectively. Logistic regression analysis was used to calculate the risk
of death and death or clinical deterioration in different risk categories according to the ESC model. For the
purpose of this study, haemodynamic status, sPESI score, RVD and increased troponin were evaluated as
predictors of study outcomes.

Class-specific risks for death and death or clinical deterioration were calculated using logistic regression
analysis. The ability of the 2014 ESC model to correctly classify haemodynamically stable subjects into one
risk category in comparison with the 2008 ESC model was assessed by the c-statistic and the discrimination
slope [12].

Results
1071 patients with acute pulmonary embolism were considered for inclusion in this study and 906 were
ultimately included. Reasons for noninclusion are reported in figure 1. Demographic features and risk
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factors for death in the study population are reported in table 1. At presentation, 105 patients (11.7%)
were haemodynamically unstable and 801 haemodynamically stable. All patients received anticoagulant
treatment and 11% also received systemic thrombolysis.

Clinical course at 30 days
Death at 30 days occurred in 65 patients (7.2%, 95% CI 5.5–8.8%) and was deemed to be due to
pulmonary embolism in 37 patients (4.1%, 95% CI 2.8–5.4%). Rates of death were 22.6% and 5.1% (odds
ratio (OR) 1.43, 95% CI 1.19–1.73, p<0.001) and rates of death due to pulmonary embolism were 16.0%
and 2.5% (OR 1.66, 95% CI 1.23–2.24, p<0.001) in haemodynamically unstable and haemodynamically
stable patients, respectively.

Clinical outcome in haemodynamically stable patients according to risk predictors
Among haemodynamically stable patients (801 patients), sPESI 0 was found in 196 patients (24.5%) and
sPESI ⩾1 in 605 patients (76.5%). RVD was found in 462 patients (57.8%). Increased troponin levels were

Patients included in prospective local cohorts

n=1071

Patients with objective confirmation of PE

n=1042

Items for sPESI calculation available

n=979

Data on RVD and troponin available in

haemodynamically stable patients

n=906

Included in the study

n=906

FIGURE 1 Study flow diagram. PE:
pulmonary embolism; sPESI:
simplified Pulmonary Embolism
Severity Index; RVD: right ventricle
dysfunction.

TABLE 1 Demographic features and risk factors for death

Subjects 906
Age (range) years 68±16 (18–98)
Male 417 (46)
Shock or sustained hypotension 105 (11.6)
sPESI
0 196 (22)
1 388 (43)
2 191 (21)
3 95 (10)
4 34 (4)
5 2

RVD
At computed tomography 291/445 (65)
At echocardiography 436/855 (51)
Increased troponin 487/905 (54)

Data are presented as n, mean±SD (range), n (%) or n/N (%). sPESI: simplified Pulmonary Embolism
Severity Index; RVD: right ventricle dysfunction.
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found in 422 patients (52.8%). The distribution of risk factors for death across different risk categories
according to the 2014 ESC model is reported in table 2. Death at 30 days occurred in one patient (0.5%)
among those with sPESI 0 and in 41 (5.2%) haemodynamically stable patients with sPESI ⩾1 (6.8%).
Death due to pulmonary embolism occurred in one patients with sPESI 0 (0.5%) and in 20
haemodynamically stable patients with sPESI ⩾1 (3.3%).

Death at 30 days occurred in 30 patients (6.5%) with RVD and in 11 patients (3.3%) without RVD (OR
2.06, 95% CI 1.02–4.18, p=0.03); death due to pulmonary embolism was observed in 18 patients (3.9%)
with RVD and in two patients (0.6%) without RVD (OR 6.81, 95% CI 1.57–29.55, p=0.003).

Death at 30 days occurred in 29 patients (6.9%) with increased serum troponin and in 12 patients (3.2%)
with normal serum troponin (OR 2.25, 95% CI 1.13–4.48, p=0.02); death due to pulmonary embolism was
observed in 14 patients (3.3%) with increased serum troponin and in six patients (1.3%) with normal
troponin (OR 2.13, 95% CI 0.81–5.59, p=0.11).

Death according to the 2014 and 2008 ESC risk stratification models
The 2014 ESC model classified 105 patients (11.6%) as “high risk”, 272 (30.0%) as “intermediate-high
risk”, 333 as “intermediate-low risk” (36.7%) and 196 as “low-risk” (21.6%).

Death at 30 days occurred in 22% of “high-risk” patients (95% CI 14.0–29.8), 7.7% of “intermediate-
high-risk” patients (95% CI 4.5–10.9), 6.0% of “intermediate-low-risk” patients (95% CI 3.4–8.6) and 0.5% of
“low-risk” patients (95% CI 0–1.0) (table 3). Among patients in the “intermediate-low” risk category, death at
30 days occurred in 8.9% (18 out of 203) and 1.5% (two out of 130) of the patients with either RVD or
increased serum troponin as compared with patients with none of these findings. One “low-risk” patient died
due to pulmonary embolism; in this patient RVD was shown by both echocardiography and CT angiography.
The negative predictive values for death at 30 days of “low-risk” patients (sPESI 0) and “intermediate-
low-risk” patients were 99.5% and 94.0%, respectively. The positive predictive value for “intermediate-
high-risk” patients was 7.7%. The time course of death at 30 days according to 2014 ESC model risk
categories is reported in figure 2a.

Death due to pulmonary embolism at 30 days occurred in 15.2% of “high-risk” patients (95% CI 8.4–22.1),
4.8% of “intermediate-high-risk” patients (95% CI 2.2–7.3), 2.1% of “intermediate-low-risk” patients (95%
CI 0.6–3.6) and 0.5% of “low-risk” patients (95% CI 0–1.5). The time course of death due to pulmonary
embolism according to 2014 ESC model risk categories is reported in figure 2b.

The 2008 ESC model classified 105 patients as “high risk” (11.6%), 578 as “intermediate risk” (63.8%) and
223 as “low risk” (27.8%). The rates of death at 30 days were 21.9%, 6.9% and 0.9% in the three risk classes,
respectively. Death due to pulmonary embolism occurred in 16.7%, 3.6% and 0% of patients, respectively.

The 2014 and 2008 ESC models showed similar discriminatory powers for death at 30 days (c-statistic
0.71, 95% CI 0.65–0.77 versus 0.71, 95% CI 0.64–0.77) as well as for pulmonary embolism-related death
(c-statistic 0.75, 95% CI 0.68–0.83 versus 0.76, 95% CI 0.69–0.83) (table 4 and figure 3). Similar results
were obtained in terms of discriminatory power after adjusting for the use of thrombolytic treatment.

TABLE 2 Distribution of risk factors across different European Society of Cardiology (ESC) risk categories

All patients ESC 2014 risk category

Low Intermediate-low Intermediate-high High

Subjects 906 196 333 272 105
Age years 68±16 (18–98) 59±16 (18–80) 70±16 (18–94) 71±16 (23–98) 72±15 (19–94)
Male 417 (46) 109 (56) 150 (45) 108 (40) 50 (48)
RVD 535/906 (59) 81/196 (41) 110/333 (33) 272/272 (100) 72/105 (69)
Increased troponin 487/905 (54) 59/196 (30) 92/333 (28) 272/272 (100) 64/105 (61)
Thrombolytic therapy 87/841 (10) 13/304 (4) 33/255 (13) 41/99 (41)
Known cancer 174/906 (19) 99/333 (30) 56/272 (21) 19/105 (18)
COPD 108/906 (12) 54/333 (16) 38/272 (14) 16/105 (15)
Recent surgery 78/829 (9) 11/186 (6) 28/308 (7) 25/237 (10) 14/98 (14)
Recent trauma 46/730 (6) 12/159 (7) 15/264 (6) 17/217 (8) 2/90 (2)

Data are presented as n, mean±SD (range), n (%) or n/N (%). RVD: right ventricle dysfunction; COPD: chronic obstructive pulmonary disease.
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Discussion
This study shows that the 2014 ESC model efficiently stratifies patients with acute pulmonary embolism in
categories at different risk of 30-day death and death due to pulmonary embolism.

Risk stratification for early death is a crucial step for the clinical management of acute pulmonary
embolism. In this view, patients with high risk should proceed to rapid revascularisation either by
pharmacologic or percutaneous catheter-directed or surgical treatment; patients with intermediate risk
should receive antithrombotic therapy and close clinical surveillance to upgrade treatment in case of
clinical deterioration [13]; patients with low risk can be candidates to home anticoagulant treatment or
short hospital stay. Home treatment or short hospital stay in low-risk patients could be made feasible and
easier with the use of new oral anticoagulant agents. The clinical relevance of risk stratification in patients
with acute pulmonary embolism has been emphasised by the evolving scenario of treatment options.

The 2008 ESC model categorised a higher proportion of patients as “low risk” compared with the 2014
ESC model. However, the use of the 2008 model requires laboratory and instrumental examination in all
patients. By introducing the sPESI score to drive further assessments, the 2014 ESC model avoids
additional procedures in about 20% of patients nonetheless preserving a high negative predictive value and
a similar c-statistic.

In our study, 41% of the patients categorised as “low risk” according to the sPESI score had RVD at CT
angiography or at echocardiography and 30% had increased levels of serum troponin. One of these
“low-risk” patients with RVD died due to pulmonary embolism (1.2%). This patient had evidence of RVD
at both echocardiography and CT angiography. According to the 2014 ESC model, RVD assessment is not
necessary in patients at “low risk” (sPESI 0). However, the ease of obtaining information on RVD in
patients who have CT angiography for the diagnosis of pulmonary embolism should support physicians to

TABLE 3 Study outcome events in patients in different risk categories according to 2014 and 2008 European Society of
Cardiology (ESC) models

Risk ESC 2014 ESC 2008

sPESI RVD or increased
troponin

Death at
30 days

Death due to
pulmonary
embolism

RVD or increased
troponin

Death at
30 days

Death due to
pulmonary
embolism

High# ⩾1 23/105
(22, 14.0–29.8)

16/105
(15.2, 8.4–22.1)

23/105
(22, 14.0–29.8)

16/105
(15.2, 8.4–22.1)

Intermediate-high ⩾1 Both present 21/272
(7.7, 4.5–10.9)

13/272
(4.8, 2.2–7.3)

Both present 21/307
(6.8, 4.0–9.7)

13/307
(4.2, 2.0–6.5)

Intermediate-low ⩾1 Either present
or both absent

20/333
(6.0, 3.4–8.6)

7/333
(2.1, 0.6–3.6)

Either present 19/271
(7.0, 4.0–10.0)

8/271
(3.0, 0.9–5.0)

Low 0 1/196
(0.5, 0–1.5)

1/196
(0.5, 0–1.5)

Both absent 2/223
(0.9, 0–2.1)

0/223
(–, –)

Data are presented as n/N (%, 95% CI). RVD: right ventricle dysfunction. #: shock or sustained hypotension.
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FIGURE 2 Risk of a) death at 30 days and b) death due to pulmonary embolism in patients belonging to
different risk categories according to the 2014 European Society of Cardiology model.
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claim for RVD assessment in every patient, particularly those that are candidates for home treatment.
Whether the fatal case observed among patients with sPESI 0 should induce to consider the need for
further risk stratification in these patients requires further evaluation in large prospective studies. The
relatively low 1.2% mortality rate observed in “low-risk” patients with RVD suggests that the predictive
value of RVD should be considered along with the clinical risk assessment.

The difference in the risk of death in patients at “intermediate-high” and “intermediate-low” risk
according to the 2014 ESC model is relatively modest. Whether such a difference is high enough to justify
treatment upgrading in intermediate-high-risk patients remains a matter of debate. This seems to be
particularly relevant as treatment upgrading is associated with an increased risk of adverse event, as it is
the case for bleeding associated to thrombolysis.

In intermediate-risk patients, the spectrum of clinical outcomes is particularly wide and probably
influenced by risk factors other than those explored by the assessment of RVD or injury. We found a
higher prevalence of cancer in patients at intermediate-low compared to intermediate-high risk. Whether
this difference or other potential unexplored differences played a role in influencing mortality remains
undefined. Further studies are required to improve the risk profile of patients at intermediate risk.
Whether this improvement will derive from a better definition of the cut-off value of RVD or injury or
from new approaches is difficult to anticipate.

According to the 2014 ESC model, the difference in the risk of death due to pulmonary embolism in patients
at intermediate-high and intermediate-low risk was more pronounced. Indeed, risk stratification in the 2014
ESC model is based on disease-specific predictors of death. Strategies integrating haemodynamic variables or
plasma lactate levels with RVD and troponin seem able to identify normotensive patients at particularly high
risk of death [14–16]. Further evidence is needed to assess the clinical value of these observations.

In our study, the rates of high-risk patients (11.6%) and low-risk patients according to sPESI (21.6%)
suggest the inclusion of a population at higher risk of death than in previous studies in patients with acute
pulmonary embolism. This could be due to the higher prevalence of cardiology units over emergency
departments among study centres in our study compared with previous studies. Whether this peculiar
composition of the study population might explain the modest discrimination ability of the ESC model for
the intermediate-risk category remains to be defined.

TABLE 4 Discriminatory power (c-statistic) for death at 30 days and for death due to pulmonary
embolism for the 2014 and 2008 European Society of Cardiology (ESC) models

Death at 30 days Death due to pulmonary embolism

2014 ESC model 0.71 (0.65–0.77) 0.75 (0.68–0.83)
2008 ESC model 0.71 (0.64–0.77) 0.76 (0.69–0.83)

Data are presented as n (95% CI).
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FIGURE 3 Accuracy of 2014 and 2008 European Society of Cardiology models to predict a) death at 30 days
and b) death due to pulmonary embolism.
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This study has some limitations. The categorisation of patients in the four classes of risk was based on
local data without a central adjudication of the RVD. Likewise, troponin was considered as normal or
elevated according to local assay and cut-off values. Death was adjudicated as due to pulmonary embolism
based on local evaluation. As in all observation studies, treatment was left to the discretion of the
attending physicians. However, the results of the study did not change after adjusting for the use of
thrombolytic therapy. Only patients with available RVD assessment and serum troponin were included in
the study; thus, the number of low-risk patients (who were not supposed to proceed to further testing)
might have been underestimated. We did not collect data on emerging risk stratification markers such as
brain natriuretic peptide or lactate [16, 17]. Overall, our study should be seen as a simulation of the
performance of the 2014 ESC model and not as a clinical management study.

In conclusion, our study provides evidence that the 2014 ESC model efficiently stratifies patients with acute
pulmonary embolism in categories at different risk of 30-day death. Management studies are required to
confirm whether this integrated risk stratification model can be used to drive patient care.
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