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Abstract Patients with acute symptomatic pulmonary

embolism (PE) who present with arterial hypotension or

shock have a high risk of death (high-risk PE), and treat-

ment guidelines recommend strong consideration of

thrombolysis in this setting. For normotensive patients

diagnosed with PE, risk stratification should aim to dif-

ferentiate the group of patients deemed as having a low risk

for early complications (all-cause mortality, recurrent

venous thromboembolism, and major bleeding) (low-risk

PE) from the group of patients at higher risk for PE-related

complications (intermediate-high risk PE), so low-risk

patients could undergo consideration of early outpatient

treatment of PE and intermediate-high risk patients would

undergo close observation and consideration of thrombol-

ysis. Clinicians should also use risk stratification and eli-

gibility criteria to identify a third group of patients that

should not undergo escalated or home therapy (intermedi-

ate-low risk PE). Such patients should initiate standard

therapy of PE while in the hospital. Clinical models [e.g.,

Pulmonary Embolism Severity Index (PESI), simplified

PESI (sPESI)] may accurately identify those at low risk of

dying shortly after the diagnosis of PE. For identification of

intermediate-high risk patients with acute PE, studies have

validated predictive models that use a combination of

clinical, laboratory and imaging variables.
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Introduction

Pulmonary embolism (PE) remains one of the leading

causes of cardiovascular morbidity and mortality. How-

ever, patients with PE have a heterogeneous presentation

and prognosis. While treated PE has a short-term mortality

of 2 % in normotensive patients who do not have evidence

of right ventricular (RV) dysfunction, the mortality rate

rises up to 30 % in patients with shock, and up to 65 % in

patients with cardiac arrest at presentation [1].

The key to an effective treatment of PE in the acute

phase lies in the assessment of the patient’s prognosis.

High-risk PE is characterized by the presence of PE-asso-

ciated arterial hypotension or shock, and has a short-term

mortality of at least 15 % [2]. For patients with high-risk

PE, guidelines generally recommend consideration of

treatment with thrombolytic agents [3–5]. For normoten-

sive patients diagnosed with PE, risk stratification should

aim to differentiate the group of patients deemed as having

a low risk for early complications (low-risk PE) who might

benefit from an abbreviated hospital stay or outpatient

therapy, from the group of patients with preserved systemic

arterial pressure deemed as having a high risk for a com-

plicated course (intermediate-high risk PE) who might

benefit from an escalation of therapy. Clinicians should

also use risk stratification and eligibility criteria to identify

a third group of patients who should not undergo escalated
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or home therapy (intermediate-low risk PE). Risk stratifi-

cation should also take into consideration the risk of

bleeding from anticoagulant or thrombolytic therapy, the

risk of early venous thromboembolism recurrence, and

their consequences.

The outcomes assessed by prognostic tools for patients

with acute PE should have a relationship to the therapeutic

options. All-cause mortality, recurrent venous throm-

boembolism (VTE) and potential complications of antico-

agulant therapy (i.e., major bleeding) serve as appropriate

outcomes when aiming to identify a low-risk group of

patients who could safely undergo an abbreviated hospital

stay or initial PE therapy at home. On the other hand, PE-

specific mortality, non-fatal PE-related complications, and

potential complications of anticoagulant or thrombolytic

therapy function as appropriate outcomes when aiming to

identify intermediate-high risk patients who might benefit

from intensive monitoring or more aggressive PE-specific

therapy. Thus, clinicians might consider using separate

prognostic approaches for identification of low-risk and

intermediate-high risk patients [6].

Identification of patients with PE at low risk
for early adverse outcomes

We assume the following definition of low-risk PE: nor-

motensive patients diagnosed with acute symptomatic PE

and a low risk for early complications (all-cause mortality,

recurrent VTE, and major bleeding). We suggest that more

than a negligible risk (i.e.,\1 %) of early complications

within the first week of diagnosis would not be accept-

able for early hospital discharge or outpatient therapy to

many clinicians and patients.

Clinically based risk stratification models may be pre-

ferred to biomarkers [i.e., troponins, brain natriuretic pep-

tides (BNP)] and imaging testing [i.e., echocardiography,

spiral computed tomographic (CT) angiography] to accu-

rately identify patients at low risk of complications short

after the diagnosis of PE. The strengths of standardized

clinical scores lie in the following facts: (1) they are based

on clearly defined, routinely available ‘‘simple’’ clinical

parameters on admission; (2) they take into account both

the clinical severity of acute PE and the burden of con-

comitant illness; and (3) they do not require the routine use

of costly or potentially time-consuming laboratory tests or

echocardiographic procedures. However, use of a clinically

based risk stratification model does not mean that

biomarkers and imaging studies cannot provide additional

useful information.

Understanding the causes of death after acute PE helps

with the assessment of the strengths of the clinical scores

for identification of low-risk PE patients. Sanchez et al.

assessed the cause of death during the first 30 days after the

diagnosis of acute symptomatic PE in a consecutive series

of patients, and the prognostic characteristics of a clinical

score based on baseline clinical findings and comorbidity

[i.e., simplified Pulmonary Embolism Severity Index

(sPESI)] and cardiac troponin I (cTnI) obtained at the time

of PE diagnosis [7]. Within the first 30 days after the

diagnosis of acute symptomatic PE, death due to PE and

death due to other causes occurs in a similar proportion of

patients. As cTnI only predicted PE-associated mortality,

low-risk sPESI has a higher negative predictive value for

all-cause mortality compared with cTnI. Patients with a

low-risk sPESI are unlikely to have an adverse early out-

come, and they do not require additional imaging proce-

dures or laboratory biomarker testing to improve prediction

of their low risk for adverse outcomes.

One study compared the usefulness of the PESI and

troponin testing for the identification of low-risk patients

with acute symptomatic PE [8]. Compared with cTnl

testing, PESI classification more accurately identified

patients with PE who had a low risk of all-cause death

within 30 days of presentation. The addition of cTnI to the

PESI model didn’t improve the negative predictive value or

the negative likelihood ratio compared with either test

alone.

Lankeit et al. compared a strategy combining imaging

and laboratory biomarkers [i.e., European Society of Car-

diology (ESC) model] with a simplified clinical score (i.e.,

sPESI) for risk stratification of normotensive patients with

acute symptomatic PE [9]. Although the sPESI classified

fewer patients as low risk [31 % (165 of 526), 95 % con-

fidence interval (CI), 27–35 %] compared with the ESC

model [39 % (207 of 526), 95 % CI, 35–44 %; P\ 0.01],

low-risk patients based on the sPESI had no 30-day mor-

tality compared with 3.4 % [95 % CI, 0.9–5.8 %] in low-

risk patients by the ESC model.

These studies and others support the notion that com-

pared with imaging and laboratory biomarkers (or their

combinations), standardized clinical scores more accu-

rately identify patients who are at low risk of fatal and non-

fatal adverse medical outcomes in the acute phase after PE

diagnosis [10–12].

Clinical prediction rules used to identify patients

with PE at low risk for early adverse outcomes

Aujesky et al. derived a clinical prediction rule (i.e., PESI)

that includes 11 routinely available clinical parameters at

the time of presentation [13] (Table 1). For each patient,

the model assigns weighted points for each applicable

characteristic, and calculates a total point score by sum-

ming these points and the patient’s age in years. Total

points assignment corresponds with five severity classes (I
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through V) of increasing risk of mortality within 30 days of

hospitalization. Patients in classes I and II are categorized

as low risk, while patients in classes III, IV and V are

categorized as high risk. Multiple retrospective and

prospective studies have validated the prognostic accuracy

of the PESI [14–16]. Furthermore, a trial that randomized

patients with acute PE and a low risk of complications

(according to the PESI) to receive low-molecular-weight

heparin entirely out of the hospital (discharged within

24 h) vs. at least partly in hospital further validated the

PESI [17]. This study suggests that treating appropriately

selected patients with acute PE at home does not increase

recurrent VTE, bleeding, or mortality.

Investigators derived and externally validated a simpli-

fied version of the PESI [18]. The simplified PESI (sPESI)

includes the variables of age ([80 years vs. other), history

of cancer (yes/no), history of chronic cardiopulmonary

disease (yes/no), heart rate ([110 beats/min vs. other),

systolic blood pressure (\100 mmHg vs. other), and oxy-

hemoglobin saturation (\90 % vs. other). The sPESI cat-

egorizes patients with none of the variables present as low

risk, and those with any variable present as high risk

(Table 2). In an external validation cohort of 7106 patients

included in the RIETE registry, the 36.1 % (2569/7106) of

patients classified by the sPESI as having a low risk of

death had a 30-day all-cause mortality of 1.1 % (28 of

2569 patients; 95 % CI, 0.7–1.5 %), while the high-risk

group had a 30-day all-cause mortality of 8.9 % (95 % CI,

8.1–9.8 %).

The Hestia criteria comprise a set of clinical parameters

that can easily be obtained at the bedside (Table 3). In a

single-arm management trial that used these criteria to

select candidates for home treatment, the rate of recurrent

VTE was 2.0 % (95 % CI, 0.8–4.3 %) in patients with

acute PE who were discharged within 24 h [19]. A vali-

dation study of the Hestia criteria has not yet been

published.

A recent systematic review and metaanalysis assessed

the prognostic accuracy of different clinical prediction

rules to identify PE patients at low risk for early mortality,

and thus, suitable for outpatient treatment or early hospital

Table 1 Pulmonary Embolism Severity Index

Variable Points

Age Years

Male sex ?10

History of cancer ?30

History of heart failure ?10

History of chronic lung disease ?10

Pulse[110 beats/min ?20

Systolic blood pressure\100 mm Hg ?30

Respiratory rate[30 breaths/min ?20

Temperature\36 �C ?20

Altered mental status ?60

Arterial oxyhemoglobin saturation (SaO2)\90 % ?20

A total point score for a given patient is obtained by summing the

patient́s age in years and the points for each predictor when present.

The score corresponds with the following risk classes:\65, class I;

66–85, class II; 86–105, class III; 106–125, class IV; and[125, class

V. Patients in risk classes I and II are defined as low risk

Table 2 Simplified Pulmonary Embolism Severity Index

Variable Points

Age[80 years 1

History of cancer 1

History of chronic cardiopulmonary disease 1

Pulse[110 beats/min 1

Systolic blood pressure\100 mmHg 1

Arterial oxyhemoglobin saturation (SaO2)\90 % 1

A total point score for a given patient is obtained by summing the

points. The score corresponds with the following risk classes: 0, low

risk;[1, high risk

Table 3 Hestia criteria

Variable

Hemodynamically unstable?a

Thrombolysis or embolectomy necessary?

Active bleeding or high risk of bleeding?b

Oxygen supply to maintain oxygen saturation[ 90 %[ 24 h?

Pulmonary embolism diagnosed during anticoagulant treatment?

Intravenous pain medication[24 h?

Medical or social reason for treatment in the hospital[24 h?

Creatinine clearance of less than 30 mL/min?c

Severe liver impairment?d

Pregnant?

Documented history of heparin-induced thrombocytopenia?

If one of the questions is answered with YES, the patient can NOT be

treated at home
a Include the following criteria, but are left to the discretion of the

investigator: systolic blood pressure \100 mmHg with heart rate

[100 beats per minute; condition requiring admission to an intensive

care unit
b Gastrointestinal bleeding in the preceding 14 days, recent stroke

(less than 4 weeks ago), recent operation (less than 2 weeks ago),

bleeding disorder or thrombocytopenia (platelet count\75 9 109/L),

uncontrolled hypertension (systolic blood pressure[180 mm Hg or

diastolic blood pressure[110 mm Hg)
c Calculated creatinine clearance according to the Cockcroft-Gault

formula
d Left to the discretion of the physician
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discharge [20]. This study found three prediction rules [i.e.,

PESI, sPESI, Global Registry of Acute Coronary Events

(GRACE)] with sensitivities above 90 % [18, 21, 22].

Since the GRACE score was tested in only one study with a

small number of patients, we suggest that clinicians use the

PESI and the sPESI for identification of low-risk nor-

motensive patients with acute symptomatic PE.

Combination of clinical prediction rules

with imaging of the right ventricle or lower limb

ultrasound testing to identify patients with PE at low

risk for early adverse outcomes

The PROgnosTic valuE of Computed Tomography scan in

haemodynamically stable patients with acute symptomatic

PE (PROTECT) study prospectively assessed the prog-

nostic significance of multidetector CT pulmonary

angiography findings and other prognostic tools in 848

normotensive patients with acute symptomatic PE [23]. Of

the 37 % (313/848) who had a low-risk sPESI score, 5

(1.6 %; 95 % CI, 0.5–3.7 %) experienced a complicated

course that included 1 (0.3 %, 95 % CI, 0–1.8 %) death. In

this low-risk sPESI subgroup, 87 % (273/313) did not show

and 13 % (40/313) did show RV dysfunction on echocar-

diography. Three (1.1 %; 95 % CI, 0.2–3.2 %) of the 273

sPESI low-risk patients without RV dysfunction had a

complicated course, and none died. In the low-risk sPESI

subgroup, 143 patients (46 %) had concomitant deep vein

thrombosis (DVT) assessed by complete lower limb

ultrasound testing (CCUS). One (0.6 %; 95 % CI,

0–3.2 %) of the 170 sPESI low-risk patients without con-

comitant DVT had a complicated course, and the patient

survived. These results suggest that incorporation of

echocardiographic RV dysfunction or concomitant DVT

diagnosed by lower limb ultrasound testing into the sPESI

does not significantly improve prognostication for the low-

risk sPESI subgroup.

Identification of patients with PE at intermediate-
high risk for early adverse outcomes

Since identification of normotensive patients at higher risk

for complications associated with PE would facilitate

selection of patients for escalation of PE therapy (e.g.,

transfer to the intensive care unit, thrombolysis), we sug-

gest the following definition of intermediate-high risk PE:

confirmed PE, normal blood pressure, and a risk of PE-

related complications similar to patients with PE and car-

diovascular instability [24]. We suggest that a significant

risk of early PE-related complications would usually

encourage intensive monitoring or even possibly encourage

thrombolysis [2]. A combination of clinical variables,

blood tests, and imaging studies may assist with classifi-

cation of patients into intermediate-high risk categories.

Assessment of RV dysfunction

Echocardiographic criteria used to risk stratify patients

with PE include RV dilatation, an increased RV/left ven-

tricle (LV) diameter ratio, hypokinesis of the free RV wall,

increased velocity of the jet of tricuspid regurgitation,

decreased tricuspid annulus plane systolic excursion

(TAPSE), or combinations of the above. These findings

have been identified as independent predictors of an

adverse outcome in patients with acute symptomatic PE,

but are heterogeneous, and have proven difficult to stan-

dardize [25–27]. Moreover, echocardiographic RV dys-

function has a weak association with short-term PE-related

complications. Sanchez et al. performed a meta-analysis

and calculate an odds ratio (OR) for short-term mortality

for RV dysfunction on echocardiography of 2.5 (95 % CI,

1.2–5.5) [28]. More recently, studies have validated the use

of CT angiography for assessing RV dilatation (end-dias-

tolic diameter, compared with that of the left ventricle) [29,

30]. A recent systematic review shows that CT-assessed

RV dysfunction has an association with an increased risk of

mortality in normotensive patients with PE (OR 1.8; 95 %

CI, 1.3–2.6), but the relatively small likelihood ratios and

the small increase in the ability to classify risk with this

approach suggest that the usefulness of basing therapeutic

decision-making solely on CT results does not appear

warranted [31]. Taken together, these findings suggest that

RV dysfunction (assessed either by echocardiography or

CT angiography) in itself should not significantly drive the

decision to give thrombolytic therapy to normotensive

patients with acute PE.

Assessment of myocardial injury

Studies of patients with acute PE have demonstrated an

association between myocardial injury [assessed by ele-

vated serum levels of troponin or heart-type fatty acid-

binding protein (HFABP)] and short-term adverse in-hos-

pital outcome [32–34]. Jimenez et al. performed a meta-

analysis of studies in normotensive patients with acute PE

to assess the prognostic value of elevated troponin levels

for all-cause mortality [35]. Elevated troponin levels were

associated with a high mortality (OR 4.3; 95 % CI,

2.1–8.5). However, troponin by itself does not appear to

clinically significantly change the pre-test to post-test

probabilities, and the usefulness of basing therapeutic

decision-making solely on troponin levels does not appear

warranted.
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Thrombus burden

In a prospective single center cohort study of outpatients

diagnosed with a first episode of acute symptomatic PE,

investigators assessed the prognostic significance of con-

comitant DVT during the 3 months of follow-up after PE

diagnosis [36]. In this study, DVT assessment by CCUS

has a positive predictive value for 90-day PE-related

mortality of 6.6 % (95 % CI, 4.1–9.2 %). For patients with

a DVT on CCUS, the positive predictive value of high-risk

PESI score (classes III–V) increases to 18.1 % (95 % CI,

13.1–26.1 %).

The degree of thrombus load and central thrombus

location on CT angiography are not predictive of all-cause

mortality, although both are associated with adverse clin-

ical outcome [37]. This observation can be explained from

a pathophysiologic perspective, where the severity of a PE

event depends not only on the size and distribution of

thrombi, but also on the patient’s underlying cardiopul-

monary status.

Combination of prognostic tests

Single markers of RV dysfunction and myocardial injury

have an insufficient positive predictive value for PE-

specific complications to drive decision-making toward

aggressive (e.g., thrombolytic) therapy [38]. Observational

studies have suggested an incremental prognostic value of

the association of markers of RV dysfunction and injury

over either alone [39, 40], or the combination of imaging

testing and biomarkers to clinical scores [41].

The PREP score includes the variables of cancer,

underlying cardiac or respiratory disease, cardiogenic

shock, altered mental status, BNP and right to left ventricle

diameter ratio [42]. In the derivation study, 247 of 570

patients (43 %) were classified in the highest risk category,

and have a risk of PE-related adverse event at 30 days of

22.9 % [41].

The PROTECT study of 848 normotensive patients with

acute PE derived and validated a multimarker prognosti-

cation that consisted of sPESI, BNP, cTnI, and CCUS

Fig.1 Stepwise approach to risk stratification of normotensive

pulmonary embolism. 1Markers of myocardial injury include cardiac

troponins I and T, or hear-type fatty acid binding protein (H-FABP).
2Assessed by echocardiography, computed tomographic angiogram,

brain natriuretic peptide (BNP) or N-terminal pro-brain natriuretic

peptide (NT-proBNP). 3For older patients, clinicians might consider

half-dose thrombolytic therapy or catheter-directed thrombolysis. �

Stable patients in the PESI class I–II or with sPESI of 0, and elevated

cardiac biomarkers or signs of right ventricle dysfunction on imaging

tests, are classified into the intermediate-low risk category. This might

apply to situations in which imaging or biomarker results become

available before calculation of the clinical severity index. These

patients have a good prognosis when admitted to the hospital and

adequately treated with standard anticoagulation. Stable patients in

the PESI class III–V or with sPESI[ 0, with negative test results, are

classified into the intermediate-low risk category. These patients have

a good prognosis when admitted to the hospital and adequately treated

with standard anticoagulation. *Patients with concomitant deep vein

thrombosis are at increased risk of PE-related complications. PESI

Pulmonary Embolism Severity Index, sPESI simplified Pulmonary

Embolism Severity Index, PE pulmonary embolism, UFH unfrac-

tionated heparin
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imaging for concomitant DVT for normotensive patients

diagnosed with acute symptomatic PE in an Emergency

Department (available at http://www.PEprognosis.com)

[23]. The combination of results for all PROTECT prog-

nostic tests has a positive predictive value for the predic-

tion of a complicated course (defined as death from any

cause, haemodynamic collapse, or adjudicated recurrent

PE) of 25.8 % in the derivation cohort and 21.2 % in the

validation cohort.

A patient-level metaanalysis involving 2874 normoten-

sive patients presenting to the hospital with acute PE found

that significant predictors of PE-related complications

include tachycardia, mild hypotension, cardiac dysfunc-

tion, and myocardial injury [43]. The Bova et al. model

identifies three stages (I, II, and III) with 30-day PE-related

complication rates of 4.2, 10.8, and 29.2 %, respectively. A

recent study validated the Bova score for accurately

assessing risk for PE-related complications that occur

within 30 days of PE diagnosis [44].

In summary, observational studies suggest that the

combination of clinical variables (i.e., tachycardia and mild

hypotension), myocardial injury, and RV dysfunction,

particularly in those with concomitant DVT, identifies the

more severe intermediate-risk patients with acute PE (i.e.,

‘‘intermediate-high risk’’ according to European Society of

Cardiology guideline [4]) who might benefit from intensive

monitoring and recanalization therapy if haemodynamic

decompensation appears [45].

Conclusions

Risk evaluation and prognostic stratification should drive

the management of patients with acute PE (Fig. 1).
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10. Jiménez D, Dı́az G, Molina J, Martı́ D, Del Rey J, Garcı́a-Rull S,

Escobar C, Vidal R, Sueiro A, Yusen RD (2008) Troponin I and

risk stratification of patients with acute nonmassive pulmonary

embolism. Eur Respir J 31:847–853

11. Vanni S, Nazerian P, Pepe G, Baioni M, Risso M, Grifoni G,

Viviani G, Grifoni S (2011) Comparison of two prognostic

models for acute pulmonary embolism: clinical vs. right ven-

tricular dysfunction-guided approach. J Thromb Haemost

9:1916–1923
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