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Pulmonary embolism (PE) is a leading cause of morbidity and
mortality.1,2,3 Acute PEs present with variable mortality rates
as low as 2% in normotensive patients without right ventricle
(RV) dysfunction, and as high as 95% in patients who present
with cardiac arrest.4,5 Nearly 20 to 25% of all PE cases present
with sudden death, while it is estimated 10 to 30% of patients
die within 30 days.2 Advancements in medicine over the past
several decades have led to what was once viewed as an
absolute death sentence, now being tackled from a more
preventative public health approach. Largely thanks to com-
puted tomography pulmonary angiography (CTPA) and
advancements in laboratory techniques, venous thromboem-
bolism (VTE) is beingdiagnosedmore frequentlyandefficient-
ly than ever before. As our populationages, obesity rates climb,
and life expectancywithchronicdisease increases, the indexof
suspicion for PE must remain prevalent. The pertinent ques-
tion becomes how can we appropriately diagnose and treat

patients, allocate resources, and most importantly prevent PE
morbidity andmortality in patients suffering an acute PE?We
aim to outline the most validated prognostic stratification
tools used to classify patients based on severity and risk of
mortality. Classification and stratification of PE patients are
important in the assessment of prognosis and selection of
treatment. It is our hope that awareness of different clinical
decision rules and classification guidelines will promote the
appropriate classification and identification of patients who
may be at low-risk and possibly eligible for outpatient treat-
ment, as well as those that are intermediate- or high-risk and
may benefit from more aggressive treatment.

Classification Guidelines

PE severity is commonly classified by terms proposed in the
most recent 2019 statements by the American Heart
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Abstract Pulmonary embolism remains a leading cause of cardiovascular mortality. Presentation
and outcomes are variable among patients and require rapid risk stratification for
assessment and prognosis, as well as selection of appropriate treatment. Over the past
several decades, several different models and parameters have become available to
assess risk and classify pulmonary embolism into different risk categories. Some
patients may be candidates for early discharge or complete outpatient treatment,
while some may require invasive diagnostics and intensive monitoring. In this review,
we summarize contemporary guidelines and methods for classification and risk
stratification in an effort to provide tools for physicians to use in their management
of patients with acute pulmonary embolisms.
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Association (AHA)3 and the European Society of Cardiology
(ESC).6 The AHA/ESC classification guidelines are quite simi-
lar and divide PE severity into threemain categories based on
commonly available or easily obtainable clinical variables
(see►Table 1). The first category is termedmassive PE/high-
risk as defined by AHA/ESC, respectively.3,6,7 Next is sub-
massive (AHA) or intermediate risk (ESC), according to the
AHA, these patients are classified by being normotensive
with evidence of RV dysfunction ormyocardial ischemia.8 RV
function is commonly assessed via echocardiography, while
RV dilation (RV/LV ratio >0.9) can be diagnosed via CT or
echocardiography. Myocardial ischemia is often assessed by
electrocardiogram (ECG) and biomarkers such as cardiac
troponin and brain natriuretic peptide (BNP). Electrocardi-
ography may also be useful in assigning patients to the
submassive group by identifying specific ECG changes (right
bundle branch blocks, anteroseptal ST changes, anteroseptal
T-wave inversions); however, their positive predictive value
remains low.7 ESC classification of intermediate risk patients
differs slightly from the AHA by not only being broader but
incorporating the use of the simplified Pulmonary Embolism
Severity Index (sPESI) for short-term PE-related 30-day
mortality. Patients with an sPESI more than or equal to 1
are then subdivided into intermediate subgroups, interme-
diate-high, and intermediate-low. The PESI and sPESI consist
of objective, easily identifiable clinical parameters that can
be quickly obtained immediately on patient presentation.9

One study even reported that a decrease in PESI scores at the
48-hour interval could significantly identify an additional 8%
of patients at low risk of mortality.9 Finally, low-risk patients
as defined by AHA/ESC do not meet the criteria for
submassive/intermediate risk.3,6

Contemporary Risk Stratification

The variable presentation and mortality associated with PE
require immediate risk stratification as a method to guide
treatment by identification of patients most likely to experi-

ence adverse outcomes whether it is decompensation or
death.3,6,7 As mentioned previously, massive/high-risk
patients are defined by the presence of hemodynamic insta-
bility, also known as severe hypotension (systolic blood
pressure � 90mm Hg)/shock. Treatment for these patients
often requires rapid anticoagulation and hemodynamic sup-
port. Assessment of hemodynamic status in PE patients is of
the utmost importance in themanagement and evaluation of
PEs due to its direct correlation with an increased risk of
morbidity and mortality.10 However, some patients classi-
fied as submassive/intermediate risk can often present as
normotensive but still be at a high risk for short-term adverse
PE-related events, of which a fewpatientsmight benefit from
an escalation of therapy or more intensive monitoring.
Recent studies have discovered that nearly 55% of normo-
tensive patients with acute PE have asymptomatic RV dys-
function and carry an increased 30-day mortality between 3
and 10%, doubling the risk of all-cause mortality during
3 months follow-up.10 Unfortunately, common biomarkers
used such as D-dimer, cardiac troponin, or lactic acid are
indirect markers of RV function and may be falsely elevated
in some patients.10 Direct identification of RV function in
intermediate-risk patients, early in the hospital course, may
help further risk stratification into appropriate groups, guide
treatment strategies, and prevent adverse patient outcomes.

Several studies have outlined the degree of pulmonary
vascular obstruction as the most important factor in deter-
mining response to an acute PE.8,10,11,12,13 Although CTPA
has become the imaging gold standard for direct diagnosis of
PE, it may also be effective as a noninvasive biomarker for the
risk stratification of patients diagnosed with PE. CTPA is not
only widely available, is fast, non-invasive, and has an aver-
age sensitivity of 88% and specificity of 92 to 96%.12 Research
has found that in patients without existing cardiopulmonary
disease, obstruction of pulmonary vascular bedmore than or
equal to 25 to 30% is required before a significant increase in
pulmonary artery pressure develops.8,13 Clot burden or
thrombus load in the pulmonary vascular tree can be

Table 1 AHA/ESC PE classification

Classification Characteristics Percentage
of PEs

30-Day mortality rate

Massive/high-risk - Presence of hypotension, systolic BP< 90mm Hg, or drop
of � 40mm Hg for at least 15minutes

- Requirement of vasopressor support

5% � 65%

Submassive/
intermediate risk

- Presence of RV strain, dilation, or dysfunction
- Intermediate to high: RV dysfunction and RV injury
- Intermediate-to-low: if only one or neither

40% 5–25%

Low risk - Do not meet criteria for submassive or intermediate risk 40–60% �1%

Abbreviations: AHA/ESC, American Heart Association/European Society of Cardiology; BP, blood pressure; PE, pulmonary embolism; RV, right
ventricular.
Source: Giri J, Sista AK, Weinberg I, et al. Interventional therapies for acute pulmonary embolism: current status and principles for the development
of novel evidence: a scientific statement from the American Heart Association. Circulation 2019;140(20):e774–e801. doi:doi:10.1161/
CIR.0000000000000707
Konstantinides SV, Meyer G, Becattini C, et al. 2019 ESC Guidelines for the diagnosis and management of acute pulmonary embolism developed in
collaboration with the European Respiratory Society (ERS): The Task Force for the diagnosis and management of acute pulmonary embolism of the
European Society of Cardiology (ESC). Eur Heart J 2019;41(4):543–603. doi:10.1093/eurheartj/ehz405
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quantified by CTPA down to the subsegmental level, while at
the same time assessing RV enlargement.10

Classification by CTPA Findings

Massive PE patients are characteristically hemodynamically
unstable; these patients are often treated off clinical suspi-
cions and CTPA is delayed. Over recent decades, several CTPA
findings have been shown to have some prognostic value in
the stratification of submassive/intermediate-risk patients.

The pulmonary artery obstruction index (PAOI) can be
calculated using themodifiedWalsh andMiller scores, or the
Mastora index. More commonly, the Qanadli index is used
because of its easy clinical application and additional infor-
mation on thrombus load and degree of obstruction.8,11,13,14

Measurement of the PAOI is seen as an objective and repro-
ducible tool that can be used in interdisciplinary communi-
cation aiding in the ability to risk stratify, indicate prognosis,
guide treatment, and serve as a noninvasive method of
monitoring response to thrombolytics.14 Obstruction of the
pulmonary vasculature tree is a main factor in increased
pulmonary vascular resistance, resulting in pulmonary hy-
pertension and ensued RV dysfunction.14 Prognosis corre-
lates directly with the degree of hemodynamic compromise
and presence of RV dysfunction.12 Although data is mixed, a
PAOI of more than or equal to 50% correlates well in identi-
fying nearly 90% of patients with PE and concomitant RV
dilation, which is associated with an 11.2-fold increased risk
of 3-month mortality.10,11,12,13,14

An RV/LV ratio can objectively be measured and repro-
duced on CTPA aiding in risk assessment. The ability of CTPA
to assess the pulmonary vasculature tree while simulta-
neously measuring RV and LV diameter serves as a possible
more efficient and reliable method of risk stratification that
could make echocardiography obsolete. One meta-analytic
study found increased RV/LV ratio measured via CTPA was
associatedwith the strongest risk of PE-relatedmortality at a
nearly fivefold increase.8On axial views, an RV/LV ratiomore
than or equal to 0.9 to 1.5mm has been shown to be directly
correlated with RV dysfunction.10 Another interesting CTPA
finding that has been extensively studied is pulmonary
artery diameter (PAD). PAD can easily be measured on
CTPA, and a measurement of 29mm has long been the cutoff
for diagnosing pulmonary hypertension.15 It has also been
reported that more than or equal to 29mm correlates with
RV dysfunction by echo and is associated with increased
mortality in acute PE.15 Increased PAD has also been associ-
ated with a significantly increased mortality in PE patients
(odds ratio: 1.08 per 1-mm increase in PAD).15

Several less common often less validated CTPA measure-
ments still deserve honorable mention and further research
in their validity could be possible direction for the future.
Some studies have looked at inferior vena cava contrast
reflux as an indirect indication of elevated RV and RA
pressure, associated with a decreased 30-day survival.15

Another controversial method is dilation of the superior
vena cava or azygous vein due to increased RV and RA
pressure.10 Interest in CTPA findings and their possibility

to aid in rapid risk stratification is only continuing to grow.
Larger cohort studies and clinical trials are needed to define
those most associated with adverse outcomes in the setting
of acute PE.

Prognostic Scoring Methods

The AHA and ESC have been consistent in their support of
furthering risk stratification of hemodynamically stable PE
patients to assist in therapeutic decisions.3,6 However, indi-
vidual markers of RV dysfunction (Echo, CTPA, cardiac tro-
ponin, BNP) continue to have insufficient positive predictive
values for PE-specific complications.16 In 2014, the American
College of Chest Physicians (CHEST) developed a prognostic
model for intermediate-risk PE patients that was based on
clinical presentation, assessment of RV function, and myo-
cardial injury.16 The combination of one domain that quan-
tifies RV dysfunction, one that captures myocardial injury,
and two independent domains that evaluates hemodynamic
status (heart rate and systolic blood pressure), has proven
useful in the prediction of a sevenfold increase in PE-related
mortality.16 The Bova risk score accurately stratifies normo-
tensive patientswith acute PE into stages of increasing risk of
PE-related complications that occur within 30 days of PE
diagnosis.17,18 Prognostic scoring methods are gaining trac-
tion, some like the eStiMaTe score integrate sPESI as ways to
predict prognosis and treat PE patients.19 Further study and
implementation are needed to affirm best method.

Low-Risk Patients

Current guidelines suggest outpatient treatment for PE
should only be considered in low-risk patients, evident via
lab and imaging conformation. The Hestia rule is defined by
medical and social criteria of riskmarkers for adverse used to
assess the possibility of outpatient treatment.20,21 Several
studies have found that the Hestia rule is able to appropri-
ately triage patients for home treatment.20,21,22 The differ-
ence between Hestia and the current ESC guidelines is that
Hestia takes into consideration the treating physician’s opin-
ion of the patient.22 One study reported that treating appro-
priately selected patients with PE by Hestia criteria does not
increase early mortality, recurrent VTE, or bleeding risk.21

Further study and trials with low-risk patients are needed to
confirm the ability to identify patients that could undergo
outpatient or early discharge treatment.

Conclusion

PE is an important cause of morbidity and mortality, and
ongoing studies, technology advancements, and multidisci-
plinary collaboration help guide the way we treat our
patients. We must use all of the tools at our disposal to
judiciously diagnose, classify, and treat these patients. Sev-
eral models have shown their ability to assess risk and
identify patients outlining the appropriate patient-based
treatment. Measurements of hemodynamic status, clot bur-
den, and RV dysfunction are just a few of the possible ways
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we can continue to identify those patients at risk of PE-
related adverse outcomes. In 2012, Massachusetts General
Hospital implemented the first pulmonary embolism re-
sponse teams (PERT), in which a group of multidisciplinary
providers were charged with providing rapid diagnosis and
possible therapeutic options based on individual patient
scenario.23 Over the last decade, PERT have provided quicker
access to advanced therapeutic options as well as better
outcomes in massive PE patients.23,24 Awareness of different
clinical guidelines can help identify and classify patients
based on their risk for harm with the goal of providing the
best possible patient care.

Authors’ Contribution
Sibu Saha contributed to the conception and design of the
review. Suresh Keshavamurthy and Cody Russell contrib-
uted to the acquisition, analysis, and interpretation of the
data. Cody Russell drafted the manuscript. All authors
critically revised the manuscript, agree to be fully ac-
countable for ensuring the integrity and accuracy of the
work, and read and approved the final manuscript

Funding
None declared.

Conflicts of Interest
None declared.

References
1 Centers for Disease Control and Prevention (CDC) Venous throm-

boembolism in adult hospitalizations - United States, 2007-2009.
MMWR Morb Mortal Wkly Rep 2012;61(22):401–404

2 Beckman MG, Hooper WC, Critchley SE, Ortel TL. Venous throm-
boembolism: a public health concern. Am J Prev Med 2010;38(4,
Suppl):S495–S501

3 Giri J, Sista AK,Weinberg I, et al. Interventional therapies for acute
pulmonary embolism: current status and principles for the
development of novel evidence: a scientific statement from
the American Heart Association. Circulation 2019;140(20):
e774–e801

4 Jiménez D, Aujesky D, Yusen RD. Risk stratification of normoten-
sive patients with acute symptomatic pulmonary embolism. Br J
Haematol 2010;151(05):415–424

5 Yu S, ZhouH, Li Y, et al. PERFORM: Pulmonary embolism risk score
for mortality in computed tomographic pulmonary angiography-
confirmed patients. EClinicalMedicine 2021;36:100897. Doi:
10.1016/j.eclinm.2021.100897

6 Konstantinides SV, Meyer G, Becattini C, et al; ESC Scientific
Document Group. 2019 ESC Guidelines for the diagnosis and
management of acute pulmonary embolism developed in collab-
oration with the European Respiratory Society (ERS). Eur Heart J
2020;41(04):543–603

7 Sista AK, KuoWT, Schiebler M, Madoff DC. Stratification, imaging,
and management of acute massive and submassive pulmonary
embolism. Radiology 2017;284(01):5–24

8 Higazi MM, Fattah RARA, Abdelghany EA, Ghany HSA. Efficacy of
computed tomography pulmonary angiography as non-invasive
imaging biomarker for risk stratification of acute pulmonary

embolism. J Clin Imaging Sci 2020;10:49. Doi: 10.25259/
jcis_75_2020

9 Moores L, Zamarro C, Gómez V, et al; Instituto Ramón y Cajal de
Investigación Sanitaria Pulmonary Embolism Study Group.
Changes in PESI scores predict mortality in intermediate-risk
patients with acute pulmonary embolism. Eur Respir J 2013;41
(02):354–359

10 Abrahams-van Doorn PJ, Hartmann IJ. Cardiothoracic CT: one-
stop-shop procedure? Impact on the management of acute pul-
monary embolism. Insights Imaging 2011;2(06):705–715

11 Jeebun V, Doe SJ, Singh L, Worthy SA, Forrest IA. Are clinical
parameters and biomarkers predictive of severity of acute pul-
monary emboli on CTPA? QJM 2010;103(02):91–97

12 Praveen Kumar BS, Rajasekhar D, Vanajakshamma V. Study of
clinical, radiological and echocardiographic features and correla-
tion of Qanadli CT index with RV dysfunction and outcomes in
pulmonary embolism. Indian Heart J 2014;66(06):629–634

13 Mastora I, Remy-Jardin M, Masson P, et al. Severity of acute
pulmonary embolism: evaluation of a new spiral CT angiographic
score in correlation with echocardiographic data. Eur Radiol
2003;13(01):29–35

14 Qanadli SD, El HajjamM, Vieillard-Baron A, et al. New CT index to
quantify arterial obstruction in pulmonary embolism: compari-
son with angiographic index and echocardiography. AJR Am J
Roentgenol 2001;176(06):1415–1420

15 Triantafyllou GA, O’Corragain O, Rivera-Lebron B, Rali P. Risk
stratification in acute pulmonary embolism: the latest algo-
rithms. Semin Respir Crit Care Med 2021;42(02):183–198

16 Bova C, Sanchez O, Prandoni P, et al. Identification of intermedi-
ate-risk patients with acute symptomatic pulmonary embolism.
Eur Respir J 2014;44(03):694–703

17 Fernández C, Bova C, Sanchez O, et al. Validation of a model for
identification of patients at intermediate to high risk for compli-
cations associatedwith acute symptomatic pulmonary embolism.
Chest 2015;148(01):211–218

18 Keller K, Beule J, Balzer JO, DippoldW.Modified Bova score for risk
stratification and short-term outcome in acute pulmonary em-
bolism. Neth J Med 2015;73(09):410–416

19 Jiménez D, Kopecna D, Tapson V, et al; On Behalf Of The Protect
Investigators. Derivation and validation of multimarker prognosti-
cation for normotensive patients with acute symptomatic pulmo-
nary embolism. Am J Respir Crit Care Med 2014;189(06):718–726

20 Roy PM, Penaloza A, Hugli O, et al; HOME-PE Study Group.
Triaging acute pulmonary embolism for home treatment by
Hestia or simplified PESI criteria: the HOME-PE randomized trial.
Eur Heart J 2021;42(33):3146–3157

21 Weeda ER, Kohn CG, Peacock WF, et al. External validation of the
Hestia criteria for identifying acute pulmonary embolism
patients at low risk of early mortality. Clin Appl Thromb Hemost
2017;23(07):769–774

22 Zondag W, Vingerhoets LM, Durian MF, et al; Hestia Study
Investigators. Hestia criteria can safely select patients with
pulmonary embolism for outpatient treatment irrespective of
right ventricular function. J Thromb Haemost 2013;11(04):
686–692

23 Porres-Aguilar M, Anaya-Ayala JE, Jiménez D, Mukherjee D.
Pulmonary embolism response teams: pursuing excellence in
the care for venous thromboembolism. Arch Med Res 2019;50
(05):257–258

24 Rosovsky R, Chang Y, Rosenfield K, et al. Changes in treatment and
outcomes after creation of a pulmonary embolism response team
(PERT), a 10-year analysis. J Thromb Thrombolysis 2019;47(01):
31–40

International Journal of Angiology Vol. 31 No. 3/2022 © 2022. International College of Angiology. All rights reserved.

Classification and Stratification of Pulmonary Embolisms Russell et al. 165

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


