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Background: Although most patients with acute pulmonary embolism (PE) remain hospitalized during initial
therapy, some may be suitable for partial or complete outpatient management, which may have a significant
impact on healthcare costs.
Hypothesis: This article reviews the state-of-the-art data regarding recognition of very-low-risk PE patients who
are potentially eligible for outpatient treatment, along with the safety, management, and cost-effectiveness
of this strategy. We propose an algorithm based on collected data that may be useful/practical for identifying
patients truly eligible for early discharge.
Methods: Comprehensive review of scientific data collected from the MEDLINE and Cochrane databases.
Studies selected based on potential scientific interest. Qualitative information extracted regarding feasibility,
safety, and cost-effectiveness of outpatient treatment, postdischarge management, and selection of truly
low-risk patients.
Results: Early discharge of low-risk patients seems feasible, safe, and particularly cost-effective. Several risk
scores have been developed and/or tested as prediction tools for the recognition of low-risk individuals:
the Pulmonary Embolism Severity Index (PESI), simplified PESI, Hestia criteria, Geneva score, the Low-Risk
Pulmonary Embolism Decision rule, and the Global Registry of Acute Cardiac Events, among others. PESI is
the most well-validated model, offering the safest approach at the current time, especially when combined
with additional parameters such as troponin I, N-terminal prohormone of brain natriuretic peptide, and
echocardiographic markers of right-ventricular dysfunction.
Conclusions: Recognition of truly low-risk patients entitled to early hospital discharge and outpatient
treatment is possible with current risk-stratification schemes along with selected prognostic parameters, and
it may have a colossal impact on healthcare costs.

Introduction
Acute pulmonary embolism (PE) is a common and
potentially lethal condition. Despite diagnostic advances in
the last 2 decades, delays in PE diagnosis are not infrequent
and may associate with increased morbidity and mortality.
Massive PE is one of the most prevalent causes of sudden
death, and this form of presentation is often the first
manifestation of this condition.1 Nevertheless, nonmassive
PE is the most common presentation, bearing a much lower
mortality rate when appropriate treatment is started early
(<5% in the first 3–6 months).2

Some PE patients who were initially considered low
risk based on physical and echocardiographic findings
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and overall comorbidity may experience progressive
clinical deterioration, exposing traditional risk-stratification
weaknesses. However, although most patients with acute
PE remain hospitalized during initial therapy, some may
be suitable for partial or complete outpatient management,
which may have a significant positive impact on healthcare
costs. As these patients may still be at potential risk for
hemorrhagic or recurrent thromboembolic complications
during the subsequent months, reliable risk stratification is
warranted and, as such, may be considered the cornerstone
of PE management.

This article aims to review the state-of-the-art data
regarding recognition of very-low-risk PE patients who are
potentially eligible for outpatient treatment. Furthermore,
we propose a prognostic algorithm based on recent clinical
research that may be useful and practical for identifying
patients truly eligible for early hospital discharge.
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Safety and Feasibility of Early Discharge
Several investigators have tested the hypothesis that
selected low-risk patients with acute PE can safely be
treated entirely as outpatients or after early hospital
discharge. Despite the controversy and complexity of this
topic, a systematic review by Janjua et al,3 published in
2008, suggested that carefully selected, compliant low-risk
patients with small or medium-sized PEs could safely be
treated in an outpatient context, as long as they could
have easy access to inpatient care, if deemed necessary.
For the selection of articles, early discharge was defined
as an average hospital stay ≤3 days, including 6 studies
where patients were treated entirely as outpatients and
2 investigations where patients were discharged early in
the course of the disease. In the former group of studies,
recurrent PE occurred in 0% to 6.2% of patients, major
bleeding occurred in 0% to 2.8%, and only 1 death was
reported (as a result of an intracerebral bleed). In the latter
group of studies, there were no episodes of recurrent PE,
whereas major bleeding occurred in 0% to 3.7% of patients
(causing 1 death).

A more recent meta-analysis performed by Zondag and
colleagues4 compared outpatient treatment with inpatient
treatment in low-risk patients with acute PE. Outcomes were
3-month recurrent venous thromboembolism (VTE), major
bleeding, and all-cause mortality. The pooled incidence
of recurrent VTE was 1.7% in outpatients (1657 patients
discharged in <24 hours), 1.1% in patients discharged early
(256 individuals discharged within 72 hours), and 1.2% in
inpatients (383 patients). Major bleeding occurred in 0.97%
of outpatients, in 0.78% of those discharged early, and
in 1.0% of inpatients, whereas the pooled incidence of
mortality was 1.9% in outpatients, 2.3% in early discharge
patients, and 0.74% in inpatients. The authors reported
that incidences of recurrent VTE, major bleeding, and,
after correction for malignancies, mortality were statistically
comparable between outpatients, patients discharged early,
and inpatients, concluding that home treatment or early
discharge of selected low-risk patients with PE is as safe as
inpatient treatment.

These meta-analyses suggest that carefully selected low-
risk patients may be discharged early and treated as
outpatients, as long as easy and fast access to healthcare
is possible. However, these findings should still be
accepted with caution, as most studies have not considered
some rarer complications of acute PE, such as chronic
pulmonary hypertension, post-thrombotic syndrome, atrial
and ventricular arrhythmias, subsequent and unexpected
need for vasopressors or thrombolysis, pleural effusion,
paradoxical embolism, and side effects other than bleeding
associated with anticoagulant therapy, which, although less
likely to occur in low-risk patients, would still be better
prevented or treated in an inpatient regimen.

Over the past decade, subcutaneous low-molecular-
weight-heparins (LMWH) have replaced much intravenous
unfractionated heparin (UFH) therapy and have facilitated
outpatient deep-vein thrombosis (DVT) therapy. However,
recently, the new oral anticoagulants (NOAC) dabigatran5

and rivaroxaban6 have emerged as new ambulatory
therapeutics for patients with VTE. The EINSTEIN project
and the RE-COVER study were of pivotal importance,

supporting the use of new single oral agents with no need for
laboratory monitoring and dose adjustment in patients with
VTE. Apixaban is currently still being tested in a randomized
double-blind study for the prevention of VTE recurrence or
death in patients with DVT or PE (Efficacy and Safety Study
of Apixaban for the Treatment of Deep Vein Thrombosis
or Pulmonary Embolism). It is hoped that future studies
may investigate the feasibility of early discharge in patients
treated with one of the NOACs and whether they associate
with safer outpatient treatment.

Cost-Effectiveness of Early Discharge
The overall economic burden of PE in the United States
is estimated to be > US$1.5 billion a year in healthcare
costs. The Office for Healthcare Economics estimated
that the current annual cost in the United Kingdom of
treating patients who developed postsurgical DVT and PE
is estimated at approximately £640 million.7

Some investigators have studied the cost-effectiveness of
diagnostic and treatment strategies in patients with VTE,
although most studies have focused on DVT. Van den Belt
et al performed an economic evaluation to assess the cost
consequences of an outpatient management strategy with
LMWH, concluding that this option would reduce resource
utilization directly related to the treatment of DVT and asso-
ciated costs by 64% (95% confidence interval [CI]: 56%-72%).8

Rodger and colleagues corroborated these findings in their
cost-effectiveness analysis of treatment strategies for DVT.
The authors found that the cost to treat 1 inpatient was $2993
for LMWH and $3048 for UFH, but even more would be
saved if LMWH were delivered on an outpatient basis (cost of
$1641 per patient). Their cost-effectiveness analysis showed
that LMWH was more cost-effective than UFH in any treat-
ment setting.9 Gould et al demonstrated that LMWH treat-
ment of acute DVT became cost-saving when its pharmacy
cost could be reduced by ≥31%, when it reduced the yearly
incidence of late complications by ≥7%, when ≥8% of patients
were treated entirely as outpatients, or when ≥13% were eli-
gible for early discharge.10 Other investigators stated that
the LMWH strategy would result in lower costs compared
with the UFH strategy when the proportion of patients
treated at home was >14%.11 A different study conducted by
Canadian investigators revealed cost savings of $3045 per
outpatient using LMWH, despite the absence of any major
difference in quality of life between the 2 groups (LMWH
vs UFH).12 A total cost savings of $1 108 587 with outpatient
treatment of acute DVT during a 2-year program evaluation
was reported in a study including 391 patients.13 Likewise,
several more recent investigations and a subsequent sys-
tematic review have clearly suggested that total direct costs
are significantly lower for the outpatient treatment strategy
for DVT compared with the inpatient treatment strategy,
without any significant negative health impact.14–17

Conversely, Guanella and colleagues suggested that
concomitant PE, unprovoked DVT, development of post-
thrombotic syndrome during follow-up, and management of
DVT in the inpatient setting were independent predictors
of increased economic burden in patients with DVT, and,
therefore, favoring outpatient care of low-risk patients with
DVT would have the potential to diminish costs.18 Early
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detection and appropriate treatment of patients at highest
risk for recurrent DVT, PE, or post-thrombotic syndrome
would also have the potential for both clinical and economic
benefits. Although the economic benefit of treating low-
risk PE individuals as outpatients has not been extensively
evaluated (when compared with DVT), Aujesky et al found
LMWH treatment of PE to be cost-saving if ≥8% of patients
were eligible for early discharge, or if ≥5% of patients could
be treated in an outpatient regimen.19

The NOACs may facilitate an outpatient treatment
strategy for low-risk patients. However, cost analyses are
still missing. Although these medications cost the patient
considerably more than warfarin, economic analyses will be
essential to determine the true cost of anticoagulation with
warfarin vs rivaroxaban or dabigatran (for example) when
taking into consideration laboratory monitoring, person-
time to adjust doses, medical costs of unintended supra- and
subanticoagulation, and travel costs. It is noteworthy that
some studies have suggested that rivaroxaban may be cost-
saving in the prevention of VTE in patients undergoing total
hip or knee replacement, when compared with LMWH.20–22

Considering the growing evidence that early discharge or
outpatient management is safe and feasible in a selected
subgroup of low-risk patients with nonmassive PE, the
British Thoracic Society recommended consideration of
outpatient treatment for clinically stable patients with PE,23

a measure that could lead to a substantial reduction in
healthcare costs.

A reduction in the costs associated with the treatment
of truly low-risk PE patients would allow a diversion of
funds for the treatment of those at highest risk for a
poorer outcome or for the development of more-accurate
risk-stratification schemes or novel lifesaving treatments.
Furthermore, outpatient management of low-risk individuals
with PE is likely to improve quality and efficiency of care
by reducing resource utilization and increasing patient
satisfaction.

Exclusion Criteria for Early Discharge
It is widely accepted that patients with clinical or
echocardiographic evidence of right ventricular (RV)
dysfunction or pressure overload are not candidates for
outpatient therapy, irrespective of symptomatology or
hemodynamic stability. Moreover, high levels of traditional
prognostic biomarkers such as troponin (Tn) and N-terminal
prohormone brain natriuretic peptide (NT-proBNP) identify
a high-risk cohort that must be followed more closely and,
in selected cases, treated more aggressively.

Studies aiming at the identification of truly low-risk
patients should first exclude symptomatic individuals,
those who are hemodynamically unstable and/or with
clinical or echocardiographic signs of acute RV pressure
overload. Contrary to other published studies with similar
goals,24–26 the Low-Risk Pulmonary Embolism Decision
(LR-PED) rule research group excluded these subgroups
of patients, focusing on apparently very-low-risk patients.27

Paradoxically, mortality rates reported in the LR-PED
rule derivation cohort were unexpectedly high, which was
probably a result of the higher average age and prevalence
of most comorbid illnesses when compared with the

Pulmonary Embolism Severity Index (PESI) and Geneva
scores derivation samples.

Therefore, when evaluating the feasibility of early
discharge, attending physicians should look not only at
symptomatic status or hemodynamic stability, but also at
the degree of comorbidity.

Identifying Truly Low-Risk Patients
The identification of truly low-risk patients eligible for
outpatient treatment is probably as relevant as identifying
high-risk patients eligible for fibrinolytic therapy. In fact,
although the latter quest is definitely a more urgent one
and often lifesaving, the huge economic impact of early
discharge of low-risk patients may enable a more profitable
distribution of resources to cardiovascular prevention and
the management of high-risk cohorts.

Therefore, reliable risk-stratification models are a crying
need for all physicians caring for patients with acute PE.

Erkens et al suggested that the PESI and simplified PESI
scores could accurately identify patients with acute PE who
were at low and high risk for short-term adverse events.28 A
total of 118 (48.6%) and 81 (33.3%) patients were classified as
low risk using the original and simplified PESI prognostic
models, respectively, and none of the low-risk patients died
within the 3-month period of follow-up. However, 30% to
47% of patients with a high-risk PESI score were safely
managed as outpatients as well, suggesting a suboptimal
sensitivity and negative predictive value for prognostic
assessment. Venetz et al studied 15 531 patients with PE,
comparing the proportions of patients classified as low-risk
vs higher-risk between the original and simplified PESI and
estimated 30-day mortality within each risk group.29 The
authors concluded that, although the simplified PESI could
accurately identify patients at low risk of adverse outcomes,
the original PESI classified a higher proportion of patients
as low-risk and had a greater discriminatory power than the
simplified PESI.

Jiménez et al compared the discriminatory prognostic
power of PESI and Geneva scores and concluded that the
first one quantified the prognosis of patients with PE better
than Geneva and allowed the selection of patients with very
low adverse event rates during the initial days of acute PE
therapy.30

Some authors have demonstrated that the 48-hour
recalculation of the PESI or simplified PESI scores in
patients admitted for acute PE could more accurately help
identify low-risk patients eligible for early discharge and
outpatient treatment.31 Serial calculation of the PESI or
simplified PESI scores and a decision on potential discharge
at the 24- to 48-hour mark could be a comprehensive risk-
stratification strategy with higher certainty of safety.

Although Moores and colleagues suggested TnI values do
not add prognostic power to PESI in terms of low-risk patient
identification,26 Lenkeit et al did not corroborate that idea.32

In fact, the latter study concluded that high-sensitivity TnT
(hs-TnT) assay may yield additive prognostic information
beyond PESI. In their normotensive cohort with acute PE,
both hs-TnT ≥14 pg/mL and simplified PESI ≥1 point(s)
emerged, besides renal failure, as independent predictors
of early death and complications. Twenty-four percent of
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the study sample were identified as low risk by a simplified
PESI of 0 and hs-TnT <14 pg/mL, and none of them had an
adverse 30-day outcome.

The LR-PED rule was developed by our research
group.27 This preliminary new scoring system primarily
designed for the detection of patients potentially eligible
for early discharge and treatment in the outpatient setting
favorably compared with current gold-standard prognostic
stratification scores in PE, namely simplified PESI and
Geneva, showing higher sensitivity and negative predictive
value for the detection of the lowest-risk patients, with a false-
negative rate of 0% in our cohort. The net reclassification
improvement index unveiled very significant successful
upward reclassification of patients who reached primary or
secondary outcomes (45% of patients reaching the primary
endpoint were correctly reclassified by LR-PED into higher-
risk groups, a finding highly significant). Although the
small sample size and the as-yet lack of validation in an
independent patient sample mitigates its current clinical
applicability, the LR-PED rule has shed some light into
the importance of combining analytical parameters (TnI,
creatinine, C-reactive protein, and glycemia) and focusing
on rhythm alongside heart rate when selecting patients
for outpatient treatment. In this regard, a recent article
has unveiled the independent prognostic value of atrial
fibrillation in patients with PE.33

The Hestia study was a prospective cohort study of
patients with proven acute PE triaged with predefined cri-
teria for eligibility for outpatient treatment with nadroparin
followed by vitamin K antagonists (VKA).34 Triaging for
outpatient treatment of PE was carried out using a 11-point
questionnaire (including questions regarding symptomatic
status, hemodynamic stability, bleeding risk, oxygen
saturation, renal and liver function, pregnancy, history of
heparin-induced thrombocytopenia, social support, and
previous anticoagulant treatment). Only patients for whom
the answer was ‘‘no’’ to each question were allowed to
be treated at home. All 297 included patients were sent
home either immediately or within 24 hours after PE was
objectively diagnosed. Outpatient treatment was evaluated
with respect to recurrent VTE (2.0%), including PE (1.7%) or
DVT (0.3%); major hemorrhage (0.6%); and total mortality
(1.0%) during 3 months of follow-up. The authors concluded
that patients with PE selected for outpatient treatment with
predefined criteria could be treated with anticoagulants on
an outpatient basis.

Zondag et al compared the performance of the Hestia
criteria with that of simplified PESI,35 concluding that both
schemes selected low-risk patients with high sensitivity and
negative predictive values for 30-day mortality. Although the
2 scores classified different patients eligible for outpatient
treatment with similar accuracy, the former could potentially
identify a proportion of high-risk simplified PESI patients
who could be safely treated at home. Surprisingly, the Hestia
criteria have been helpful in selecting patients, including
those with RV dysfunction, who have very low risk for
adverse outcome and could be candidates for outpatient
treatment.36 In fact, of the patients treated at home according
to the Hestia criteria, 35% were normotensive but had
RV dysfunction and were classified as intermediate risk,
according to the European Society of Cardiology criteria.

Nevertheless, no adverse events occurred in these patients
treated at home.

The clinical versatility of the Global Registry of Acute
Cardiac Events (GRACE) risk score has been demonstrated
by Paiva et al in their retrospective observational cohort
study of 206 consecutive PE patients.37 Although widely
used to estimate mortality risk in patients with a myocardial
infarction, the authors assessed its applicability in PE,
suggesting that it could predict improve risk stratification
when compared with the Geneva score, the shock index,
the European Society of Cardiology score, and simplified
PESI. Importantly, no adverse outcomes were observed in
patients with a GRACE score ≤113, suggesting potential
utility in the selection of truly low-risk individuals entitled to
outpatient treatment.

A different study has suggested that out-of-hospital
treatment is safe in hemodynamically stable patients with
PE with low (<500 pg/mL) NT-proBNP levels, as no deaths,
major bleeding complications, or recurrent VTE occurred
in the first 10 days of treatment or in the follow-up period of
3 months in 152 (out of 351) patients fulfilling these inclusion
criteria.

Some less-common parameters have shown promising
results as predictors of a complicated outcome in a wide
range of cardiovascular diseases, including acute PE. In
particular, the growth-differentiation factor 15, a stress-
responsive member of the transforming growth factor-β
cytokine superfamily, has been shown to independently
predict complicated 30-day outcome in patients with PE,
enhancing the predictive value of TnT, NT-proBNP, and
echocardiographic findings of RV dysfunction.38 Its role
in the detection of low-risk patients eligible for outpatient
treatment is mostly unknown at the time. The same idea
is probably valid for RV strain and strain rate assessment.
Although several studies have suggested a potential role
for strain imaging in the prognostication of patients with
acute PE,39–41 none has tried to demonstrate its utility
in the selection of low-risk patients potentially eligible for
outpatient treatment. However, as RV dysfunction is clearly
associated with increased mortality, it seems wise to suggest
that the detection of even subclinical dysfunction through
RV strain analysis should preclude early discharge.

Moreover, although the potential role of contrast-
enhanced multidetector computed tomography as a prog-
nosticator in PE has been the subject of several studies in
the last few years (the RV/left ventricular diameter ratio,
proximal superior vena cava diameter, pulmonary artery
obstruction index, ventricular septal bowing, and embolic
burden are among the parameters studied as potential pre-
dictors of mortality),42–49 to this date no consensus has been
reached regarding which radiological parameters can pre-
dict mortality with the highest discriminative performance.
Most importantly, no study has clarified whether the addi-
tion of radiological parameters is able to improve PE risk
stratification beyond standard risk models such as PESI or
the Hestia criteria.

Unsolved Questions
Several unanswered questions reinforce the need for further
studies. The safety and feasibility of early discharge in
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patients treated with one of the NOACs are still not
clearly established. Moreover, the incidence of less-common
adverse events (such as post-thrombotic syndrome, chronic
pulmonary hypertension, pleural effusion, paradoxical
embolism, minor bleeding) and subsequent complications
in patients treated at home is unknown at the moment. The
potential applicability of strain imaging in the selection of
low-risk patients eligible for outpatient treatment deserves
some attention, as it would be useful to determine whether
subclinical RV dysfunction (detectable through strain
imaging) precludes safe early discharge. Furthermore,
it is not determined whether the routine 24- to 48-hour
reapplication of risk-stratification schemes would translate
into improved clinical outcomes. The best prognostic cutoffs
for TnI/TnT and NT-proBNP and the safety of early
discharge in the mid- to long-term are also unsolved
questions. Hopefully, future studies will address these
subjects.

Algorithm for the Selection of Truly Low-Risk Patients
The Table 1 lists currently used or proposed risk-
stratification schemes potentially applicable for the selection
of low-risk PE patients eligible for early discharge and/or
outpatient treatment.

The Figure suggests an easily applicable decision
algorithm for the selection of truly low-risk patients eligible
for outpatient treatment, based on previous research. This
algorithm requires validation in prospective multicenter
studies and should supplement, but not replace, clinical
judgment.

Postdischarge Management
Pulmonary embolism–associated morbidity and mortality
go beyond the initial acute phase, as it may associate
with long-term complications such as recurrent PE and
chronic thromboembolic pulmonary syndrome. Up to 40%
of patients develop a VTE recurrence within 10 years
of the primary event,50 whereas chronic thromboembolic
pulmonary syndrome is diagnosed in 4% within 2 years of
the index event.51

The optimal management of low-risk patients following
early discharge is unknown, as no recommendations or
clinical guidelines have addressed the issue. In fact,
although patients eligible for early discharge and outpatient
treatment are at lower short- and mid-term risk, no study
to date has evaluated their long-term risk of complications,
and, therefore, they must be followed as closely as those
individuals treated as inpatients.

Following the acute management of PE, secondary
treatment aims to prevent thromboembolic recurrences.
Anticoagulant therapy is recommended for ≥3 months
in most patients.52 Further extension of anticoagulation
lacks evidence-based data, and physicians need to rely
on their clinical judgment, taking into consideration the
risk for recurrent VTE and the risk for anticoagulant-
induced bleeding. Overlap in risk factors for bleeding and
recurrent thrombosis may add complexity to therapeutic
decisions. The risk of thromboembolic recurrence is
greatest during the first 6 months after the initial event
and decreases thereafter, but without ever reaching nil.53

Risk varies greatly among patients and is influenced by
many factors, including the presence/absence of identifiable
triggers (ie, trauma, thrombophilic abnormalities), the
characteristics of the index event (presence and the
location of distal venous thrombosis, number of previous
events), and patient demographic and clinical features (age,
body mass index, and male sex).53,54 After anticoagulant
withdrawal, abnormal plasma levels of D-dimer may be
the strongest analytical predictor of VTE recurrence. To
help guide risk stratification, some risk-prediction scores
have been developed, such as the Vienna Risk Prediction
Model55 and the D-dimer, age, sex, and hormonal therapy
(DASH) score.56 However, they have not been prospectively
validated and therefore cannot be adopted into clinical
practice for the time being.

The traditional long-term PE management options
comprise VKAs and LMWH. Warfarin is the most-used oral
VKA, yet its slow onset of action, narrow therapeutic window,
and multiple food and drug interactions require frequent
medical monitoring and dose adjustment. Furthermore,
it may associate with worrisome bleeding episodes,
especially in patients with active cancer.57 Low-molecular
weight heparins (eg, enoxaparin, dalteparin) have several
advantages over VKAs, as they display a rapid onset and
offset of action, predictable dose–response, fewer drug-drug
interactions, and a potential net benefit in patients with active
cancer, and they usually require no routine monitoring of
anticoagulant effect. However, they are mainly limited by
their parenteral route of administration, affecting patients’
comfort and convenience.

The role of the NOACs (eg, dabigatran and rivaroxaban)
for the long-term management of VTE has been recently
established.5,6 These agents seem as effective in reducing
the risk for recurrent VTE as VKAs but may associate
with lower bleeding risk. Compared with warfarin, the
NOACs have a more rapid onset of anticoagulant effect
(1–4 vs 72–96 hours), may eliminate the need for parenteral
anticoagulant bridge therapy for the treatment of VTE, have
fewer drug and food interactions, have a more predictable
therapeutic effect, and need no routine anticoagulation
monitoring. As a result, these drugs may facilitate the earlier
discharge of lower-risk patients.

Nevertheless, as previously stated, clinicians must be
aware of their patients’ risk of bleeding. Although the
NOACs appear to have a lower risk for major bleeding
compared with traditional agents, controlled trials that
support the use of NOACs have excluded subgroups of
patients at increased risk for bleeding, such as those in need
of concomitant use of antiplatelet therapy, with significant
renal and hepatic impairment, and who use medications
that interfere with homeostasis (eg, nonsteroidal anti-
inflammatory drugs), and very elderly patients with
multiple comorbidities (ie, cancer, history of gastrointestinal
bleeding, alcohol abuse). Thus, the true clinical net benefit
of these new agents in real-life anticoagulant users remains
to be clarified. From the Computerized Registry of Patients
With Venous Thromboembolism (RIETE) Registry data,58

a bleeding-risk score was developed and validated in
patients with acute VTE for predicting major bleeding within
3 months of anticoagulant therapy, using 6 variables: age
>75 years, recent major bleeding, cancer, renal function,
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Table 1. Currently Available Prognostic Scores for the Selection of Low-Risk Patients With PE

Risk Score Advantages Disadvantages

PESI The most well-validated risk score in this context (including
consistent prospective validation)61,62

Exclusive use of dichotomous variables may oversimplify
prognostic assessment.

Large derivation sample A significant percentage of patients assigned to the high-risk
category can still be safely managed as outpatients.28

Outperforms the Geneva score in prognostic assessment30 Requires computation of a score based on 11 variables, each
with a different weight

Accurate in both high- and low-risk patient detection28

Serial calculation and a decision on potential discharge at the
24- to 48-hour mark may be an even more accurate
risk-stratification strategy with higher certainty of safety.31

Simplified PESI Easier to use than original PESI score Although applied to a group of patients with prospectively
collected data, simplified PESI has not been validated in a
prospective sample.

Similar63 or slightly lower29 accuracy as the original PESI in
prognostic assessment

Exclusive use of dichotomous variables

Accurately identifies patients at low risk for adverse events63

Easily usable bedside prediction

Hestia criteria Prospectively derived score34 Small size of derivation sample

Accurately detects patients at low-risk of adverse events

May identify a proportion of simplified PESI high-risk patients
who can be safely treated as outpatients35

May identify a proportion of patients with RV dysfunction who
can be safely treated as outpatients36

Easily usable bedside prediction

Geneva Useful for assessing clinical probability of pulmonary
embolism64

Variables have different weights, which may lead to
miscalculations in an acute setting.

Easily usable bedside prediction Primarily developed for diagnostic purposes

Prognostic value consistently outperformed by PESI30,65

Simplified Geneva66 Similar diagnostic accuracy of original Geneva score but
easier to use

Developed for diagnostic purposes

Does not require arterial blood-gas sample to be collected Probably outperformed by PESI (although not directly
compared)

LR-PED rule27 The only score derived from a cohort of apparently low-risk
patients

Lack of proper validation (retrospective or prospective)

Detects truly low-risk patients with very high accuracy Small size of derivation sample

The first score to demonstrate the importance of rhythm
alongside heart rate33

Requires a regression equation and a calculator

GRACE37 The most comprehensive risk score available; applicable to
different clinical contexts

Lack of proper validation (retrospective or prospective) in the
context of an acute PE

Detects truly low-risk patients (GRACE score <113) with very
high accuracy

Small size of derivation sample

The first score to include ECG parameters Requires a calculator

Shock index Very easy to calculate Extremely reductive

Most patients are considered low risk

Limited accuracy in the selection of low-risk patients67
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Table 1. continued

Risk Score Advantages Disadvantages

Agterof et al68 Very easily applicable (only 4 variables) Lack of proper validation (retrospective or prospective)

Very low 10-day adverse event rate in low-risk patients Small size of derivation sample

Uresandi et al69 Prospective derivation in a multicenter registry Lack of proper validation

High accuracy in the selection of low-risk patients Exclusion of admission hemodynamic parameters (although
reliably explained by the authors)

Included minor bleeding (complication with significant impact
in patients’ well-being)

Easily usable bedside prediction

Abbreviations: ECG, electrocardiographic; GRACE, Global Registry of Acute Cardiac Events; LR-PED, Low-Risk Pulmonary Embolism Decision; PE, pulmonary
embolism; PESI, Pulmonary Embolism Severity Index; RV, right ventricular.

Figure 1. Decision algorithm for the selection of truly low-risk patients eligible for outpatient treatment, based on previous research. COPD step should
include other clinically significant respiratory conditions. Abbreviations: AF, atrial fibrillation; CKD, chronic kidney disease; COPD, chronic obstructive
pulmonary disease.

anemia, and PE. This model may help clinicians in the
quantification of their patients’ bleeding risk. Patients
eligible for outpatient treatment have been shown to be
at lower risk of PE recurrence and mortality, and we could
be tempted to conclude that their bleeding risk is somewhat
lower as well, due to their overall lower comorbidity burden.
However, the hemorrhagic risk of this subgroup of patients
has not been thoroughly addressed, and we should not
forget that their outpatient treatment regimen may preclude
an early detection of bleeding episodes. Preference should
be given to drugs with higher safety profile in regard to
bleeding.

Despite the evidence supporting anticoagulant therapy
in secondary PE management, there may be a potential
role for antiplatelet therapy, particularly aspirin. The
controlled trials Warfarin and Aspirin (WARFASA)59

and Aspirin for the Prevention of Recurrent Venous
Thromboembolism (ASPIRE)60 evaluated the possibility
of using low-dose aspirin for the long-term prevention of
recurrent symptomatic VTE after initial oral anticoagulation
therapy. The former trial reported a significant 42% annual
reduction of VTE recurrence compared with placebo (6.6%
vs 11.2% per year, P = 0.02) and no difference in the
incidence of bleeding complications. Although a significant
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reduction of VTE recurrence was not shown in the ASPIRE
study (6.5% vs 4.8% per year, P = 0.09), the combined
analysis of both trials demonstrated that aspirin reduces
the rate of VTE recurrence by 32% (P = 0.007), without
significantly increased bleeding risk. Notwithstanding, VTE
risk reduction accomplished with aspirin is about 2 × −3×
lower than that achieved by anticoagulants (warfarin, as well
as the NOACs).6 Considering the lower short- to mid-term
risk of VTE recurrence in patients eligible for outpatient
treatment, aspirin might be a reasonable choice for those
at higher hemorrhagic risk or who refuse any form of
anticoagulant treatment.

Even low-risk patients should be subjected to extensive
etiological investigation if deemed appropriate, as PE may
recur or be associated with an undiagnosed condition.

Conclusion
A fast and accurate identification of high-risk PE patients
eligible for thrombolytic therapy may be lifesaving.
Conversely, the recognition of truly low-risk patients entitled
to early hospital discharge and outpatient treatment must
not be underrated, as it may have a colossal impact on
healthcare costs and enable a diversion of funds for the
treatment of those at highest risk for a poorer outcome
or for the development of more accurate risk-stratification
schemes or novel lifesaving treatments.
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