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P ulmonary embolism (PE) is a common and 
potentially life-threatening condition with 
presentations ranging from mild symptoms to 
circulatory collapse. Early and accurate risk strati-

fication is essential to guide decisions regarding triage, 
monitoring, and the use of advanced therapies.

The current prognostic model utilizes a multidimen-
sional framework that emphasizes clinical features, 
comorbidities, hemodynamics, right ventricular (RV) 
dysfunction, and myocardial injury. However, this 
approach may not adequately capture the heterogene-
ity of PE, particularly among normotensive patients 
who may have occult hemodynamic compromise. 
Novel biomarkers, echocardiographic indicators, clinical 
assessment tools, and new risk calculators reflect efforts 
to refine prognostic accuracy.

This article summarizes key developments in PE risk 
stratification, highlighting what has been learned, where 
current tools fall short, and what is in the pipeline to 
achieve a more nuanced and clinically actionable risk 
assessment.

 
EUROPEAN SOCIETY OF CARDIOLOGY PE 
CLASSIFICATION ALGORITHM

The European Society of Cardiology (ESC) algorithm is 
now the most widely used and internationally accepted 
comprehensive framework for risk stratification of PE 
patients. One of the key structural changes in the 2019 
ESC guidelines mandated evaluation of RV function in 
all normotensive PE patients in the risk stratification 
schema (Figure 1).1 The prior 2014 ESC guidelines recom-
mended assessment of RV function only in normotensive 
PE patients with a class III to IV PE Severity Index (PESI) 
or a simplified PESI (sPESI) ≥ 1.2 In this paradigm, patients 

with an sPESI score of 0 were classified as low risk with-
out a radiographic assessment or biochemical assessment 
of RV function. This shift toward a more inclusive frame-
work resulted in many patients who would have been 
categorized as low risk under the 2014 ESC guidelines 
being reclassified as intermediate risk according to the 
2019 ESC criteria. In a large study of elderly patients diag-
nosed with PE, 45% of normotensive patients were classi-
fied as intermediate-high risk by the 2019 ESC algorithm 
compared to 24% by the 2014 ESC algorithm and 37% by 
PESI. In this cohort, only 19% were classified as low risk 
versus 32% comparing the 2019 and 2014 ESC criteria, 
respectively.3 Although more sensitive, the discriminatory 
power for all-cause mortality was lower in the 2019 ESC 
algorithm, as compared with the 2014 ESC algorithm or 
PESI (63.6% vs 71.5% and 75.2%, respectively). This pres-
ents a challenge in the current paradigm when consider-
ing patients for revascularization therapy and highlights a 
need for further refinement.

 
TROPONIN

Elevated troponin levels in patients with PE indepen-
dently predict an increased risk of death and hemody-
namic instability.4 The ESC 2019 guidelines do not recom-
mend a specific troponin test, and both troponin I and 
troponin T testing now have high-sensitivity assays avail-
able. Although elevated high-sensitivity cardiac troponin 
tests in patients with chest pain and negative conventional 
troponin assays have been associated with increased non-
fatal myocardial infarction and death, the same has not 
been shown to be true in patients with PE.5 In a registry of 
normotensive PE patients, nearly twice as many had posi-
tive high-sensitivity troponin I testing (31.7%) compared 
to conventional troponin I testing (16.7%).6 Interestingly, 
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an elevated high-sensitivity and normal conventional tro-
ponin I level was not associated with death, hemodynamic 
collapse, or recurrent PE (odds ratio [OR], 1.12; 95% CI, 
0.65-1.93) compared to patients with an elevated conven-
tional troponin I level (OR, 2.84; 95% CI, 1.62-4.98).6 Yet, 
given the greater clinical sensitivity in detecting myocardial 
injury in the setting of myocardial infarctions, high-sensi-
tivity troponin assays have been broadly adopted.7

 
HEART-TYPE FATTY ACID–BINDING 
PROTEIN

As an alternative biomarker to troponin assays, 
the heart-type fatty acid–binding protein (H-FABP) 
has emerged as potential biomarker in PE. H-FABP is 
released earlier than troponin, residing in myocardial 
cytoplasm, making it a useful marker for early risk strat-
ification. H-FABP has been associated with an increased 
risk of short-term death and a complicated course, 
suggesting a prognostic role in PE patients.8 In a meta-
analysis of 1,680 patients from nine studies, an elevated 
H-FABP (> 6 ng/mL) was associated with short-term 
mortality (OR, 40.78; 95% CI, 11.87-140.09), cardiopul-

monary collapse, or need 
for thrombolytic therapy 
(OR, 32.71; 95% CI, 11.98-
89.26).9 Moreover, a nor-
mal H-FABP may also 
be useful predicting an 
uncomplicated course. 
In a small cohort of nor-
motensive PE patients, 
a negative H-FABP test 
predicted an excellent 
prognosis regardless of 
RV dysfunction on echo-
cardiography.10 Although 
H-FABP shows promise 
as a biomarker in PE, 
the need for standard-
ized laboratory assays 
and cutoff values and 
improved availability are 
pending prior to guide-
line endorsement.

 
COMPOSITE PE 
SEVERITY SCORE

From the PEITHO trial, 
we know that approxi-
mately 5% of patients with 
intermediate-high–risk PE 
experience hemodynamic 

decompensation.11 Several enriching criteria have emerged 
as possible predictors of patients who are at risk of 
decompensation. Of particular interest are those patients 
with normal blood pressure but reduced cardiac index, 
described as normotensive or subclinical shock.

A post hoc analysis of the FLASH registry found 
that one-third of normotensive patients had a cardiac 
index < 2.2 L/min/m2 on invasive measurements.12 This 
condition in which the systolic blood pressure remains 
> 90 mm Hg but with a low cardiac index is known as 
normotensive shock.

Although the FLASH registry included invasive car-
diac index measurements for all patients, a noninvasive 
method to predict low cardiac index is of clinical inter-
est. The composite PE severity (CPES) score consists of 
prespecified markers including RV dysfunction, elevat-
ed troponin, B-type natriuretic peptide (BNP), central 
thrombus burden, concomitant deep vein thrombosis 
(DVT), and tachycardia > 100 bpm and was assessed 
for its ability to identify patients with normotensive 
shock (Figure 2). The prevalence of patients with nor-
motensive shock increased with an increasing CPES 

Figure 1.  ESC 2019 risk stratification algorithm for acute PE. The ESC risk stratification frame-
work for acute PE integrates hemodynamic status, clinical risk scores, imaging evidence of RV 
dysfunction, and cardiac biomarker assessment to categorize patients into high, intermediate-
high, intermediate-low, or low-risk groups. The algorithm guides early prognostication and 
management decisions by distinguishing patients with overt hemodynamic instability from 
those who are normotensive but exhibit varying degrees of RV strain and myocardial injury. 
Adapted from Konstantinides SV, Meyer G, Becattini C, et al. 2019 ESC guidelines for the diag-
nosis and management of acute pulmonary embolism developed in collaboration with the 
European Respiratory Society (ERS). Eur Heart J. 2020;41:563. doi: 10.1093/eurheartj/ehz405
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score, with 58% with a CPES score of 6 having normo-
tensive shock.12

The CPES score was validated in a separate cohort of 
patients, with normotensive shock identified in 100% of 
patients with a CPES score of 6.13 Additionally, the CPES 
score provided incremental prognostic value for the 
prediction of poor outcome over baseline demograph-
ics and ESC intermediate-risk categories.14

Yet, when using a lower CPES score threshold ≥ 3, the 
positive predictive value for predicting a complicated 
course was low (20.5%).15 Furthermore, the CPES score 
requires that lower extremity ultrasound be performed 
on all PE patients to identify concomitant DVT, a diag-
nostic study that may not be immediately available in 
all clinical environments. Continued application in a 
prospective manner and in combination with currently 
accepted risk stratification tools could provide further 
evidence suggesting widespread use of the CPES score as 
an enriching prognostic factor.

 
NONINVASIVE SURROGATES OF LOW 
CARDIAC INDEX

Although invasive hemodynamics are not currently 
recommended or feasible as part of routine care in PE, 

noninvasive surrogates 
are obtainable. Stroke 
volume and cardiac out-
put can be calculated 
with transthoracic ultra-
sound from calculated 
velocity time integrals 
(VTIs) of pulse-wave 
Doppler signals obtained 
at the left ventricular 
outflow tract (LVOT), RV 
outflow tract (RVOT), as 
well as from other loca-
tions.16,17 In fact, the VTI 
alone, a discrete value 
measured in centimeters, 
may be useful as a sur-
rogate marker for stroke 
volume. LVOT VTI has 
previously been demon-
strated to have good cor-
relation to invasive cardi-
ac output measurements 
in heart failure and criti-
cally ill populations.18,19 
Low LVOT VTI has been 
identified as a marker of 
worse clinical outcomes 

in the advanced heart failure population as well.20

Two retrospective studies have investigated the role 
of RVOT VTI in intermediate-risk PE. Brailovsky et al 
reported a small cohort of intermediate-risk PE patients 
who were referred to catheter-based therapy. In this 
cohort, 46.3% had low cardiac index (< 2.2 L/min/m2), 
and among many echocardiographic parameters tested, 
only RVOT VTI was found to be a significant predic-
tor of low cardiac index.21 An RVOT VTI < 9.5 cm had 
a 75% sensitivity and a 79% specificity for identifying 
low cardiac index.21 Additionally, in their larger cohort 
of intermediate-risk PE (including those not referred 
to catheter-based therapy), they found a higher rate of 
PE-related mortality among those with an RVOT VTI 
< 9.5 cm compared to those with RVOT VTI > 9.5 cm 
(13.6% vs 1.28%; P = .002).21 Yuriditsky et al report a 
retrospective review of 188 intermediate-risk PEs, among 
the 16% meeting a composite outcome of in-hospital 
mortality, cardiac arrest, or hemodynamic deterioration 
compared to those who did not, there was a significantly 
lower RVOT VTI (9 cm vs 13.4 cm; P < .0001).22

Two studies have also focused on the role of LVOT 
VTI in intermediate-risk PE. In a cohort of interme-
diate-risk PE, LVOT VTI ≤ 15 cm was associated with 

Figure 2.  CPES score. The calculation of a composite shock score derived from the FLASH regis-
try, in which points are assigned based on invasive hemodynamic and clinical variables reflect-
ing circulatory compromise. One point each is given for: elevated troponin, elevated BNP, RV 
dysfunction (RV/LV > 1 on CT or moderate-severe reduced RV function on echocardiography), 
central PE location (saddle, concomitant DVT), and heart rate > 100 bpm, which are combined 
to quantify shock severity. The score is designed to identify patients who may be normotensive 
but have a low cardiac index, thereby providing a structured approach to detecting occult shock 
in acute PE. Adapted from Bangalore S, Horowitz JM, Beam D, et al. Prevalence and predictors of 
cardiogenic shock in intermediate-risk pulmonary embolism: insights from the FLASH registry. 
JACC Cardiovasc Interv. 2023;16:958-972. doi: 10.1016/j.jcin.2023.02.004
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several poor clinical outcomes, including in-hospital 
mortality, cardiac arrest, shock, and need for rescue 
reperfusion therapy.23 In a large multihospital cohort 
of intermediate-risk PE patients, low stroke volume 
index (SVI), a variable derived from the LVOT VTI, was 
associated with poor PE composite outcome measures 
of in-hospital death and cardiorespiratory decompensa-
tion.24 Further, receiver operating characteristic curves 
were generated for SVI as well as several other com-
monly used risk stratification variables; SVI < 20 mL/m2 
performed better in identifying poor outcomes com-
pared to the Bova score, TAPSE (tricuspid annular plate 
systolic excursion), tricuspid regurgitant velocity, and 
RV/LV ratio (base), and SVI had similar performance to 
RV/LV ratio (mid cavity) and the discrete VTI value.24

Although larger prospective studies would be helpful 
in elucidating the role of noninvasive echocardiographic 
measurements in PE risk stratification, these are often 
limited by the availability of comprehensive transtho-
racic echocardiographic data from the index presenta-
tion. Artificial intelligence algorithms have been used 
to assist novice users in obtaining an LVOT VTI mea-
surement to assess volume responsiveness in patients 
admitted to the intensive care unit (ICU) and may 
prove useful in obtaining prognostic echocardiographic 
data at the point of care.25

 
NATIONAL EARLY WARNING SCORE

The National Early Warning Score (NEWS) was origi-
nally developed as a tool to detect acute illness sever-
ity and clinical deterioration among inpatients across 
the National Health Service in the United Kingdom.26 
A post hoc evaluation of the YEARS cohort found that 

NEWS performed well in identifying clinical deteriora-
tion, including ICU admission (AUC, 0.80) and 30-day 
mortality (AUC, 0.92), among PE patients.27 Using a 
threshold of ≥ 3 points, NEWS was a sensitive marker 
for ICU admission and 30-day mortality (92% and 
100%, respectively) but was much less specific (53% 
and 52%, respectively). The NEWS showed moderate 
discriminatory power (AUC, 0.71) comparable to the 
CPES score (AUC, 0.74).14 The NEWS score is being 
studied in the HI-PEITHO study comparing outcomes 
of intermediate-high–risk PE patients randomized to 
ultrasound-facilitated catheter-directed thrombolysis 
plus anticoagulation versus anticoagulation alone.28 
The NEWS will be studied as a standardized way to 
objectively monitor clinical decompensation and pre-
vent premature crossover.28

SOCIETY FOR CARDIOVASCULAR 
ANGIOGRAPHY AND INTERVENTIONS 
SHOCK CRITERIA

The ESC 2019 criteria place hemodynamically unsta-
ble patients with confirmed PE into the high-risk cat-
egory.1 Yet, even in high-risk PE patients, the spectrum 
of disease is quite broad and exists on a continuum. 
Patients can present in cardiac arrest undergoing 
CPR or with mild hypotension requiring low doses of 
vasopressor. Some groups suggest further stratifica-
tion of this patient population recognizing patients 
with “catastrophic” PE as those with progressive shock 
despite multiple vasoactive medications, impending 
or active cardiac arrest, or persistent shock despite 
thrombolytic therapy. Patients who remain clinically 
stable on a single vasopressor alone without rapidly 

Figure 3.  The SCAI shock classification framework stratifies patients across a spectrum of shock severity from stage A (at risk) 
to stage E (extremis), integrating clinical findings, hemodynamics, and response to therapy. The framework emphasizes 
dynamic assessment and longitudinal staging, allowing patients to move between stages as their clinical status evolves. 
Originally developed for cardiogenic shock, the classification highlights progressive circulatory failure, escalating vasoactive 
support, and end-organ dysfunction and has been increasingly applied to other shock states characterized by ventricular fail-
ure and hemodynamic compromise. Adapted from Naidu SS, Baran DA, Jentzer JC, et al. SCAI SHOCK stage classification expert 
consensus update: a review and incorporation of validation studies: this statement was endorsed by the American College of 
Cardiology (ACC), American College of Emergency Physicians (ACEP), American Heart Association (AHA), European Society of 
Cardiology (ESC) Association for Acute Cardiovascular Care (ACVC), International Society for Heart and Lung Transplantation 
(ISHLT), Society of Critical Care Medicine (SCCM), and Society of Thoracic Surgeons (STS) in December 2021. J Am Coll Cardiol. 
2022;79:933-946. doi: 10.1016/j.jacc.2022.01.018
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escalating are considered “stable” high risk.29 This group 
represents the extreme end of the PE severity spectrum, 
with in-hospital mortality approaching 42%, compared 
with approximately 17% among patients with non-
catastrophic high-risk PE.30

This nomenclature is not well recognized in the lit-
erature and carries some ambiguity, with blurred lines 
between “stable” and “catastrophic” subclassifications, 
limiting its adoption into a classification schema. For 
example, vasopressor ceiling doses are not standardized 
and can differ dramatically by institution. Recognizing 
the need for a nondichotomous classification system 
with clear partitions, some experts have suggested 
using the Society for Cardiovascular Angiography and 
Interventions (SCAI) shock criteria. In this schema, 
patients with cardiogenic shock are grouped into five 
progressive stages (A through E) based on clinical 
examination, hemodynamic parameters, and biochemi-
cal markers of end-organ hypoperfusion (Figure 3).31

The SCAI shock classification schema incorporates RV 
failure phenotyping, suggesting potential applicability 
in patients with obstructive shock from PE. Parameters 
such as the right atrial pressure/pulmonary capillary 
wedge pressure ratio and the pulmonary artery pulsatil-
ity index can identify patients with RV failure and may 
be applicable to patients with acute cor pulmonale 
from PE.31 Additional studies that directly evaluate the 
application of SCAI staging in PE cohorts are needed 
to determine its prognostic utility and implications for 
clinical management in this population.

 
CONCLUSION

Recent advances have expanded the range of tools 
available for PE risk assessment, including biomarkers, 
echocardiographic measures, and risk calculators that 
may better identify patients at increased risk for clini-
cal deterioration, particularly among normotensive 
populations. However, many of these approaches are 
constrained by modest specificity, variable availability, 
and uncertainty regarding how best to integrate them 
into existing risk stratification frameworks and routine 
clinical decision-making.

Risk stratification schemas are ultimately intended to 
guide patient triage, monitoring intensity, and clinical 
management. Ongoing randomized trials in intermedi-
ate- and high-risk PE populations comparing reperfu-
sion strategies with standard care will be essential to 
refining current risk models and clarifying how risk 
categories should inform treatment selection. Even 
with improved prognostic accuracy, alignment of thera-
peutic recommendations across professional societies 
remains necessary to promote consistency among the 

multiple specialties involved in PE care. The persistence 
of guideline silos further highlights the importance 
of multidisciplinary PE response teams to coordinate 
assessment and inform treatment decisions.

Continued prospective evaluation and thoughtful 
integration of emerging tools with established frame-
works will be needed to define their clinical role and 
ensure that advances in risk stratification translate into 
meaningful improvements in patient management.  n
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