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Pulmonary Embolism
Cardiovascular disease is spreading at an alarming rate Pulmonary thromboembolism is the most common cause

around the world, becoming the leading cause of death.
Before the COVID-19 pandemic put an unprecedented
pressure on the resilience of health systems, an estimated
18 million deaths from cardiovascular disease occurred in
2019, accounting for about 32% of all global deaths. There
are numerous guidelines for the primary and secondary pre-
vention of these pathologies and for the prognostic stratifi-
cation of the subjects at risk or with evidence of the
disease. For example, several studies have demonstrated
that the management of modifiable cardiovascular risk fac-
tors, particularly hypertension and dyslipidemia, can reduce
cardiovascular morbidity and mortality. Adequate risk
quantification is a sine qua non for optimizing the preven-
tion strategies and personalizing therapy.

Over the years, numerous algorithms for personalized
cardiovascular risk assessment have been published.1 In the
era of precision medicine, more and more prognostic mod-
els have been developed, including flow charts, classifica-
tion and regression trees, nomograms, and point-based risk-
scoring algorithms. However, it is not yet clear what the
optimal prediction risk equation is.2 These models are not
perfect and require continuous checks and adjustments
because of the progress in basic research, clinical knowl-
edge, development of ever more refined diagnostic systems,
epidemiologic changes, and appropriate therapeutic innova-
tions for specific disease endotypes.

The overall picture is destined to become even more
complicated with the widespread availability of computa-
tional methods applied in the context of statistical infer-
ences, namely machine learning, a subset of artificial
intelligence, and the possibility of accessing big data that
can be extracted from electronic health records and opti-
mized natural language processing.3

Despite the immense promise, several considerations
have hindered the implementation of machine learning in
clinical practice, including cardiovascular medicine. In par-
ticular, the so-called black box nature of machine learning
produces decisions that can be difficult to interpret, seem-
ingly opaque and inscrutable. Indeed, a low explainability
can generate doubts both in physicians and in patients about
the reliability and efficacy of the model and how it should
be concretely adopted in the clinical practice.4 Therefore,
there is a growing demand for explainable machine learning
models, especially for high-risk diseases, before a large-
scale application of such computational approaches. It is
probably because of the difficulty in interpreting the more
complex machine learning models that many scientific soci-
eties currently support the use of simpler prognostic mod-
els, which are perhaps slightly less accurate but certainly
more suitable for a constructive doctor-patient relation.
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of acute right ventricular (RV) pressure overload in adults.
Despite the significant advances in cardiovascular medi-
cine, pulmonary thromboembolism remains an important
cause of mortality and morbidity.5 It is not possible to cal-
culate exactly how many people develop deep vein throm-
bosis or acute pulmonary embolism (PE) each year, but it is
estimated that up to 900,000 people could be affected each
year in the United States, with significant morbidity and
mortality.6 Both deep vein thrombosis and PE have been
increasingly recognized among patients diagnosed with
COVID-19. Several classifications of acute PE are available
for prognostic stratification and clinical management.7,8

The elements derived from clinical examination, assess-
ment of RV size and function, and quantification of cardiac
biomarkers are important for risk stratification of patients
with PE. In particular, the prognosis of PE is closely related
to the degree of RV failure and hemodynamic instability.
Indeed, one of the most recommended parameters to esti-
mate the prognostic risk of PE is the ratio of RV to left ven-
tricular (LV) diameter measured by computed tomography
pulmonary angiography or transthoracic echocardiogram.
However, a history of pre-existing heart failure (HF) is
another strong predictor of worse prognosis in the setting of
acute PE.

In this issue of the journal, Katterle et al9 retrospectively
evaluated the prognostic role of RV/LV ratio and B-type
natriuretic peptide (BNP) levels in 182 in-patients with
acute PE from 2010 to 2015 at their institution, stratified as
without HF, HF with reduced ejection fraction (HFrEF), or
HF with preserved ejection fraction. Those with a history of
HFrEF had a higher risk of 90-day mortality despite a lower
RV/LV diameter ratio than the other 2 groups. Subjects
with HFrEF also had significantly higher BNP levels, likely
driven by HFrEF-related LV changes. These findings raise
questions about the ability of BNP and RV/LV values to
further stratify the risk in patients with PE with a history of
HF, particularly those with HFrEF.

This is an important issue, considering that patients with
a previous HF who underwent PE are burdened with a high
mortality, and the normal values of the RV/LV ratio could
instead suggest a less ominous clinical course. The study of
Katterle et al9 extends a previous observation that in
patients with acute PE treated at home based on the absence
of all Hestia criteria, there was no difference in the inci-
dence of adverse events in those with an RV/LV diameter
ratio >1.0 on computed tomographic pulmonary angiogra-
phy compared with those without an abnormal RV/LV
diameter ratio.10 It must be noted that the study of Katterle
et al9 has some limitations, including its retrospective and
single-center study design and a small sample size with a
low number of HFrEF subjects. However, it has the merit
of pointing out that more detailed risk stratification features
not influenced by the structure of the LV function are
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needed to accurately assess the risk of acute PE, particularly
in patients with a history of HF.
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