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PERSPECTIVE

Clinical controversies in the management of acute pulmonary embolism: evaluation 
of four important but controversial aspects of acute pulmonary embolism 
management that are still subject of debate and research
Dieuwke Luijten a, Frederikus A Klok a, Thijs E van Mens a,b and Menno V Huisman a

aDepartment of Medicine – Thrombosis and Hemostasis, Leiden University Medical Center, Leiden, Netherlands; bDepartment of Vascular Medicine, 
Amsterdam Cardiovascular Sciences, Amsterdam Reproduction and Development, Amsterdam University Medical Center, University of Amsterdam, 
Amsterdam, Netherlands

ABSTRACT
Introduction: Acute pulmonary embolism (PE) is a disease with a broad spectrum of clinical presenta-
tions. While some patients can be treated at home or may even be left untreated, other patients require 
an aggressive approach with reperfusion treatment.
Areas covered: (1) Advanced reperfusion treatment in hemodynamically stable acute PE patients con-
sidered to be at high risk of decompensation and death, (2) the treatment of subsegmental pulmonary 
embolism, (3) outpatient treatment for hemodynamically stable PE patients with signs of right ventricle (RV) 
dysfunction, and (4) the optimal approach to identify and treatpost-PE syndrome.
Expert opinion: Outside clinical trials, hemodynamically stable acute PE patients should not be treated with 
primary reperfusion therapy. Thrombolysis and/or catheter-directed therapy are only to be considered as 
rescue treatment. Subsegmental PE can be left untreated in selected low-risk patients, after proximal deep vein 
thrombosis has been ruled out. Patients with an sPESI or Hestia score of 0 criteria can be treated at home, 
independent of the presence of RV overload. Finally, health-care providers should be aware of post-PE 
syndrome and diagnose chronic thromboembolic pulmonary disease (CTEPD) as early as possible. 
Persistently symptomatic patients without CTEPD benefit from exercise training and cardiopulmonary 
rehabilitation.
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1. Introduction

Acute pulmonary embolism (PE) is a disease with a broad 
spectrum of clinical presentations. Important improvements 
in the diagnosis and treatment of acute PE have been made 
in recent years [1]. Advanced imaging techniques have 
resulted in improved acute PE detection, and new risk stra-
tification and interventional techniques have been intro-
duced, overall resulting in a decreased PE-related mortality 
[2,3]. Important questions regarding the optimal manage-
ment of acute PE remain nonetheless, especially at both 
extremes of the disease severity spectrum. In this review, 
we focus on four important but controversial aspects of 
acute PE management that are still subject of debate and 
research: (1) advanced reperfusion treatment in hemodyna-
mically stable acute PE patients considered to be at high 
risk of decompensation and death, (2) the treatment of 
subsegmental pulmonary embolism (SSPE), (3) outpatient 
treatment for hemodynamically stable acute PE patients 
with signs of right ventricle (RV) dysfunction, and (4) the 
optimal approach to identify and treat post-PE syndrome in 
PE survivors.

2. Reperfusion therapy in stable acute PE patients

There is a general consensus that, to increase survival chances, 
acute PE associated with hemodynamic instability or frank 
obstructive shock at presentation is a clear indication for 
immediate reperfusion therapy [4]. However, whether hemo-
dynamically stable acute PE patients with signs of RV dysfunc-
tion and myocardial injury, who are also at increased risk of 
decompensation and death, referred to as intermediate-high- 
risk acute PE [4], may also benefit from reperfusion therapy is 
an ongoing point of debate. This debate is fueled by the 
introduction of catheter-based reperfusion techniques.

The Pulmonary Embolism Thrombolysis (PEITHO) trial was 
designed to gain more knowledge regarding the efficacy and 
safety of systemic thrombolysis in intermediate-high-risk acute 
PE patients [5]. In this trial, 1005 acute PE patients with RV 
dysfunction on computed tomography pulmonary angiogra-
phy (CTPA) and a positive troponin test were randomized 
between standard anticoagulation therapy with heparin ver-
sus anticoagulation with a single-bolus injection of tenecte-
plase (30–50 mg depending on the body weight). 
Tenecteplase indeed prevented death or hemodynamic  
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decompensation (incidence within 7 days of 2.6% in the 
tenecteplase group versus 5.6% in placebo group; odds ratio 
[OR] 0.44; 95% confidence interval [CI] 0.23 to 0.87); however, 
the risk for major extracranial bleeding was increased with 
6.3% in the tenecteplase group versus 1.2% in the placebo 
group, and hemorrhagic stroke occurred 2.0% in the tenecte-
plase group versus 0.2% in the placebo group. Therefore, the 
benefits of treatment did not outweigh its risks, and the 
current guidelines do not recommend systemic thrombolysis 
in intermediate-high-risk acute PE patients as a first-line treat-
ment option [4,6]. However, a post-hoc analysis of the PEITHO 
study showed that in intermediate-high-risk acute PE with at 
least two clinical criteria of severity (i.e. a systolic blood pres-
sure ≤110 mmHg, a respiratory rate >20 breaths/min, chronic 
heart failure, and/or cancer), tenecteplase treatment would 
have resulted in an adverse event rate of 7.6% compared to 
20.3% for the placebo group [7]. This result suggests that 
further risk stratification of patients in the intermediate-high- 
risk category may help to select patients for whom the risk– 
benefit ratio of reperfusion therapy would support immediate 
application of the latter. While clinical signs of severity are 
likely important for further risk stratification, it is important to 
bear in mind that clot burden as a sole parameter has no 
beneficial role in selecting hemodynamically stable acute PE 
patients at risk for deterioration since a high clot burden is not 
associated with increased adverse events in hemodynamically 
stable acute PE [8].

It has been proposed that reduced dose thrombolytic ther-
apy may avoid the risk of bleeding while preserving the 
increased rate of thrombus resolution. Several small studies 
have been performed to investigate the safety and efficacy of 
reduced dose systemic thrombolysis. Two studies have shown 
that reduced systemic thrombolysis (recombinant tissue plas-
minogen activator at 0.5–0.6 mg/kg) is more effective than 
placebo in the normalization of perfusion defects and that 
systemic thrombolysis resulted in a reduced combined end-
point of persistent pulmonary hypertension or recurrent PE 
[9,10]. Moreover, three randomized studies suggested that 
a reduced dose of thrombolytic treatment (recombinant tissue 
plasminogen activator at 0.5–0.6 mg/kg or at 50 g per 2 hours) 
was equally effective as full dose in prevention of death, 
change in total pulmonary resistance, and residual vascular 
obstruction [11–13]. In a network meta-analysis, low-dose 
thrombolysis was indeed associated with the lowest probabil-
ity of dying and bleeding compared to other reperfusion 
options [14]. The ongoing PEITHO-3 trial (NCT04430569) is 

formally evaluating the efficacy and safety of a reduced-dose 
alteplase regimen (0.6 mg/kg) with standard heparin antic-
oagulation in patients with intermediate-high-risk PE and at 
least one clinical criterion of severity (i.e. a systolic blood 
pressure ≤110 mmHg, a respiratory rate >20 breaths/min, 
and/or chronic heart failure) and will ultimately determine 
the role of half-dose thrombolysis in the management of 
intermediate-high-risk acute PE [15].

Over the last decade, multiple percutaneous catheter- 
directed therapies (CDTs) have been introduced. CDT is 
a local technique aiming for thrombus resolution based on 
thrombus fragmentation, thrombus aspiration, rheolytic 
thrombectomy (i.e. disruption and removal of the thrombus 
using a pressure gradient or local thrombolysis), or local (ultra-
sound accelerated) thrombolysis [16]. Studies have shown that 
CDT results in a decrease in RV overload compared to antic-
oagulation alone, along with low rates of major bleeding 
(ranging 0–10%) [17–22]. However, evidence is limited since 
most studies were observational or single-arm cohort studies. 
There is also limited evidence on complication rates of CDT 
beyond major bleeding or death. Clinical studies have 
reported a complication rate of ~0–4% [16]. The complication 
rates of CDT performed by inexperienced physicians are 
unknown, but a higher rate can be expected. The few small 
randomized trials performed were not designed to establish 
differences in clinically relevant outcomes, such as death or 
hemodynamic deterioration to shock. Larger randomized con-
trolled trials are needed to prove efficacy beyond doubt, 
before these costly therapies become routine care for inter-
mediate-high-risk acute PE patients. Currently ongoing trials 
investigating the efficacy and safety of CDT include the HI- 
PEITHO trial (NCT04790370) and the PEERLES study 
(NCT05111613) [23,24]. The HI-PEITHO trial randomizes inter-
mediate-high-risk acute PE patients with at least two clinical 
criteria of severity (i.e. heart rate ≥100 bpm, systolic blood 
pressure ≤110 mmHg, respiratory rate >20/min, and/or oxy-
gen saturation on pulse oximetry <90% on room air) to treat-
ment with a standardized protocol of ultrasound-facilitated 
catheter-directed thrombolysis plus anticoagulation versus 
anticoagulation alone [23]. The PEERLESS study randomizes 
intermediate-high-risk acute PE patients to mechanical throm-
bectomy using the FlowTriever system versus catheter- 
directed thrombolysis with any commercially CDT system 
[24]. Another treatment option is surgical embolectomy, but 
there is little evidence on the safety and efficacy in (intermedi-
ate) high-risk acute PE since only non-randomized studies 
have been performed. Surgical embolectomy is therefore cur-
rently only recommended in patients with a high-risk acute PE 
who deteriorated after thrombolysis or have a contra- 
indication for thrombolysis [4,25]. While awaiting the results 
of currently ongoing clinical trials, a multidisciplinary rapid- 
response team, also known as PE response teams (PERT), 
facilitates clinical decision-making in patients with intermedi-
ate-high-risk acute PE [4].

3. Treatment of subsegmental pulmonary embolism

An SSPE is an embolus located in single or multiple subseg-
mental pulmonary arteries [1,26]. It is currently debated 

Article highlights

● Hemodynamically stable acute PE patients should not receive reperfu-
sion therapy as primary treatment.

● Subsegmental PE may be left untreated in selected low risk patients, 
after proximal deep vein thrombosis has been ruled out.

● Patients with a Hestia score or sPESI score of 0, can be treated at 
home, without explicit evaluation of the RV function.

● Chronic thromboembolic pulmonary disease (CTEPD) should be diag-
nosed as early as possible.

● Patients with post-PE syndrome without CTEPD benefit from exercise 
training or cardiopulmonary rehabilitation.
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whether SSPE is an indication for anticoagulant treatment. 
There are several arguments why SSPE can be left untreated. 
First, advances in the radiological diagnosis of PE have 
resulted in an increased incidence of SSPE. Because this 
increase in the number of PE diagnosis was associated with 
a decreasing trend in PE mortality, SSPE has been hypothe-
sized to be ‘overdiagnosis’ [2, 27–32]. The fact that imaging 
artifacts are often misclassified as SSPE is supportive of this 
concept [33–36]. Second, it can be argued that the presence of 
small thrombi in the pulmonary system provided that prox-
imal deep vein thrombosis (DVT) is not present may be 
a physiological finding as the pulmonary system might act as 
a filter to prevent thrombotic tissue entering the arterial sys-
tem [37,38].

Multiple small observational studies have shown that 
patients with isolated SSPE may be left untreated with a low 
incidence of symptomatic recurrent venous thromboembolism 
(VTE) [35, 39–43]. A recent large multicenter prospective 
cohort study showed a recurrent VTE rate of 3.1% (8 out of 
266 patients; 95% CI 1.6–6.1; none of the eight recurrences 
observed were fatal) which led to premature stop of recruit-
ment since the predefined inferiority stopping rule was met; 
the primary study hypothesis was that this recurrence rate 
would be below 3.0% [44].

A potential explanation for the observed difference 
between the available studies is that, until recently, 
a universal SSPE diagnosis was lacking. A Delphi analysis was 
performed in order to establish a uniform diagnostic definition 
for SSPE: ”A contrast defect in a subsegmental artery, i.e. the 
first arterial branch division of any segmental artery indepen-
dent of artery diameter, visible in at least two subsequent axial 
slices, using a Computed Tomography scanner with a desired 
maximum collimator width of ≤1 mm” [26]. This universal 
diagnosis likely helps the reliable and reproducible identifica-
tion of SSPE and should be the basis of future studies.

Another important factor in SSPE treatment is the selection of 
which SSPE patients can potentially be left untreated since there 
are multiple factors determining the risk of recurrent VTE besides 
location and size. SSPE patients with a malignancy or previous 
VTE should not be left untreated since the expected recurrence 
rate is higher, even when this diagnosis was incidental [45–50]. 
Also, SSPE patients presenting with hypoxemia should not be left 
untreated since an isolated SSPE may become clinically relevant 
in patients with preexisting cardiopulmonary disease [51,52]. In 
the previously described cohort study, 435 of 749 SSPE patients 
(58%) were excluded from the study and treated with anticoa-
gulants due to the presence of (among others) one of the pre-
viously described criteria [44]. Finally, SSPE patients with 
a simultaneous DVT should not be left untreated. DVT is an 
important predictor for recurrent VTE and PE-related mortality 
and therefore requires anticoagulation [52,53]. For SSPE patients 
with concomitant DVT who receive anticoagulation for the DVT, 
there is no need to discuss if there is an indication for antic-
oagulation for the SSPE, since this treatment is already indicated 
based on the DVT. In the previously described cohort study, six 
out of 292 SSPE patients with no other risk factors for recurrent 
VTE were found to have (non-symptomatic) proximal DVT (2.1%) 
and 22 had (non-symptomatic) distal DVT (7.5%) upon bilateral 
compression ultrasonography, highlighting the importance of 

ruling out DVT in SSPE patients when considering leaving them 
untreated [44]. The safe-SSPE trial (NCT04263038) is currently 
investigating the incidence of recurrent VTE, recovery of com-
plaints, and functional performance in selected SSPE patients 
randomized to either placebo or rivaroxaban [54].

4. Home treatment

The 2019 ESC guideline recommends classifying patients 
according to their risk of early (in hospital or 30-day) death 
and treating patients accordingly [4]. The PESI score and sim-
plified PESI (sPESI) are prediction models that can identify low- 
risk acute PE patients with a 30-day mortality of ~1.0% [55,56]. 
The PESI score can be used to select patients eligible for out-
patient treatment since a randomized controlled trial showed 
non-inferiority for outpatient treatment versus hospitalization in 
low-risk patients according to an ad hoc decision rule in 
patients with PESI class I–II [57]. The Hestia criteria are an 
alternative tool to select patients eligible for outpatient treat-
ment. This is a pragmatic list of 11 reasons why patients would 
require hospitalization, e.g. need for advanced reperfusion ther-
apy, oxygen therapy, or intravenous analgesics (Table 1). The 
Hestia criteria are a checklist rather than a prediction score. 
Patients that were negative for all 11 Hestia criteria were trea-
ted as outpatients with low molecular weight heparin (LMWH) 
or LMWH plus a vitamin K antagonist (VKA) in a prospective 
cohort study, with a 90-day overall mortality of 1.0% [58,59]. 
The Vesta study randomized patients who were negative for all 
Hestia criteria between direct discharge versus additional 
N-terminal pro–brain natriuretic peptide (NT-proBNP) assess-
ment. Patients with an NT-proBNP below 500 ng/L were also 
treated at home. All patients received LMWH and VKAs. Due to 
the low number of adverse events, this study was unable to 
show incremental value of NT-proBNP testing in patients who 
are negative for all Hestia criteria [60]. The HOME-PE trial ran-
domized patients between Hestia and sPESI for selection for 
outpatient treatment with LWMH, VKAs, or directs oral antic-
oagulants and showed that the rate of 30-day combined end- 
point (i.e. recurrent VTE, bleeding, or all-cause death) for 
patients treated at home was low (1.3% for Hestia and 1.1% 
for sPESI). Moreover, in the overall population, the rate of this 
end-point was comparable in both groups (3.8% for Hestia 
versus 3.6% for sPESI), showing that both strategies are safe 
and effective in selecting patients for outpatient treatment [61].

Notably, both Hestia and (s)PESI do not incorporate an 
explicit assessment of RV function (Table 1). Whether low-risk 
patients (according to Hestia and/or [s]PESI) with RV dysfunc-
tion can be treated as outpatients remain a point of debate. 
According to the 2019 ESC guidelines, assessment of RV dys-
function is obligatory before considering outpatient treat-
ment: patients with none of the Hestia criteria, PESI I–II, or 
sPESI 0 but with RV dysfunction are characterized as inter-
mediate-risk acute PE [4]. Hospitalization is recommended for 
this patient category. This recommendation was partly based 
on a meta-analysis suggesting that RV dysfunction is asso-
ciated with a high risk of early all-cause mortality even in 
selected low-risk patients according to the PESI score (OR 4.2 
95% CI 1.4–12.6) [62]. The HoT-PE study evaluated the safety 
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and efficacy of early discharge (up to two nights of hospital 
stay were permitted) in low-risk patients (according to 
adapted Hestia criteria) who had no signs of RV dysfunction 
or intracardiac thrombi. Of the 2854 acute PE patients evalu-
ated for study inclusion, 300 patients had negative Hestia 
criteria but the presence of RV dysfunction or free-floating 
thrombi and were therefore excluded from the trial and trea-
ted as inpatients. In the 525 patients selected for early dis-
charge, a 0.6% incidence of recurrent non-fatal VTE and a 1.2% 
incidence of major bleeding were observed, suggesting that 
early discharge is safe in these selected low-risk patients [63]. 
However, the studies included in the previously mentioned 
meta-analysis were mainly observational, and no systematic 
treatment decisions were made based on the (s)PESI score or 
signs of RV dysfunction. Therefore, we cannot simply conclude 
that early all-cause mortality would improve if all low-risk 
patients with RV dysfunction are hospitalized. In addition, 
patients excluded from HoT-PE due to the presence of RV 
dysfunction were not systematically followed, and details 
regarding their prognosis were unavailable.

Interestingly, an analysis of the combined Hestia and Vesta 
study, where RV dysfunction on CTPA was assessed post-hoc (i.e. 
RV/left ventricle ratio >1), showed that 30% of the patients treated 
at home had RV dysfunction, and the incidence of adverse events 
did not differ between outpatients with or without RV dysfunction 
(2.7% vs 2.3%, respectively) [64]. Also, in the HOME-PE study, 90 of 
the 739 (12.2%) patients treated at home had RV dysfunction; none 
of these patients returned to the hospital because of hemody-
namic deterioration or experienced PE recurrence of PE-related 
death [61]. Moreover, the post-hoc assessed troponin T levels in 
the Vesta study showed no difference in all-cause death after 
3 months for home treated patients with or without an elevated 
troponin T level (1.7% vs 1.7% respectively) [65]. Identifying low- 
risk patients based on Hestia (or [s]PESI) alone—even when signs 

of RV dysfunction are present—seems therefore adequate for the 
selection of patients who are eligible for outpatient treatment. This 
is explained by the fact that preselection based on Hestia and/or 
sPESI already results in an acceptable low adverse event rate, thus 
diluting the additional value in the absence of RV dysfunction.

In routine Dutch clinical practice, 46% of the patients are 
treated at home (ranging from 13% to 83% for individual hospi-
tals) [66]. Using patient-level data of the YEARS study, health-care 
utilization and costs were compared between hospitalized and 
home-treated patients. Patients who were treated as outpatients 
had a mean hospitalization duration of 0.69 days compared to 
4.3 days for patients who were hospitalized. This correlated with 
an average cost of hospitalized patients of €3,209 versus 
€1,512 per patient treated at home, adjusted for potential con-
founders, emphasizing the cost-effectiveness of treating acute PE 
patients as outpatients [67]. More importantly, outpatient treat-
ment results in a high level of patient satisfaction [68].

5. Long-term consequences after acute PE

Survivors of acute PE often report persistent symptoms, new 
psychosocial problems, and/or persistent limitations in their 
daily activities [69–72]. These patients qualify as having post- 
pulmonary embolism syndrome (PPES) which is defined as new 
or progressive dyspnea, exercise intolerance, and/or impaired 
functional or mental status after at least 3 months of adequate 
anticoagulation following acute PE, which cannot be explained 
by other (preexisting) comorbidities [73]. Up to 16–47% of the 
acute PE patients report persistent limitations and/or dyspnea 
qualifying for PPES [69,74,75]. The exact incidence of PPES 
remains unclear since different criteria have been used to define 
the presence of PPES and PPES incidence evaluation has been 
performed at different time points following acute PE diagnosis. 
Post-PE syndrome has four largely distinct clinical presentations: 

Table 1. Hestia criteria and sPESI score for eligibility of home-treatment.

Hestia Answer sPESI Points

Is the patient hemodynamically unstable? a Yes/No Age >80 years 1

Is thrombolysis or embolectomy necessary? Yes/No History of cancer 1
Active bleeding or high risk of bleeding? b Yes/No Chronic cardiopulmonary disease 1

More than 24 h of oxygen supply to maintain oxygen 
saturation > 90%?

Yes/No Systolic blood pressure <100mmHg 1

Is pulmonary embolism diagnosed during anticoagulant 
treatment?

Yes/No Heart rate ≥110 b.p.m. 1

Severe pain needing intravenous pain medication for 
more than 24 h?

Yes/No Arterial oxygen saturation <90% 1

Medical or social reason for treatment in the hospital for 
more than 24 h (infection, malignancy, no support 
system)?

Yes/No

Does the patient have a creatinine clearance of 
< 30 mL/min? c

Yes/No

Does the patient have severe liver impairment? d Yes/No

Is the patient pregnant? Yes/No
Does the patient have a documented history of 

heparin-induced thrombocytopenia?
Yes/No

If all questions can be answered with ‘No’ the patient has a negative Hestia and is eligible for home 
treatment

If the sPESI score is 0 points, a patient is eligible for home 
treatment.

a Include the following criteria, but leave these to the discretion of the investigator: systolic blood pressure < 100 mmHg with heart rate > 100 beats min–1; condition requiring 
admission to an intensive care unit. b Gastrointestinal bleeding in the preceding 14 days, recent stroke (< 4 weeks ago), recent operation (< 2 weeks ago), bleeding disorder or 
thrombocytopenia (platelet count <75· 109 L–1),uncontrolled hypertension (systolic blood pressure > 180 mmHg or diastolic blood pressure > 110 mmHg). c Calculated 
creatinine clearance according to the Cockroft–Gault formula. dLeft to the discretion of the physician. 
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(1) chronic thromboembolic pulmonary disease (CTEPD) with 
pulmonary hypertension, i.e. chronic thromboembolic pulmon-
ary hypertension (CTEPH), (2) CTEPD without pulmonary hyper-
tension, (3) post-PE cardiac dysfunction (characterized as 
persistent RV impairment), and (4) post-PE functional impairment 
[73,76,77]. Importantly, awareness of PPES and early diagnosis of 
especially CTEPH will most likely lead to better health outcomes 
of PE survivors [73,78].

During follow-up of acute PE, systematic and routine evaluation 
of the symptom burden and quality of life (QoL) will greatly facil-
itate the early identification of patients who require additional 
treatment beyond anticoagulation. Patient reported outcome 
measures (PROMs) are helpful tools for this purpose, for example, 
by measuring dyspnea (Medical Research Council [MRC] dyspnea 
scale [4,79]) or functional limitations (Post-VTE Functional Status 
[PVFS] scale [80,81]). However, other validated tools to objectify 
persistent symptoms or functional limitations can also be used. An 
international workgroup (ICHOM) established a core set of out-
come measures with matching instruments that encompass the 
most relevant outcomes. Implementation of this core set will help 
in shifting the focus [82].

In patients with persistent symptoms and functional limita-
tions, further classification of PPES should be performed. Since an 
early diagnosis of CTEPH will result in improved survival and 
better QoL, early diagnosis is of utmost importance [78,83,84]. 
A CTEPH diagnosis is confirmed by mismatched perfusion 
defects in ventilation-perfusion (V/Q) scan in combination with 
a mean pulmonary artery pressure of ≥20 mmHg, pulmonary 
capillary wedge pressure of ≤15 mmHg, and pulmonary vascular 
resistance of >2 woods-units measured with right heart cathe-
terization (RHC) [85,86]. There are several strategies to select 
patients who should be subjected to V/Q scan and RHC. The 
ESC guidelines recommend performing echocardiography in all 
patients with persistent dyspnea, functional limitations, or risk 
factors for CTEPH. Patients with intermediate to high probability 
of pulmonary hypertension on echocardiography require further 
evaluation [4,85]. A strategy to limit the number of patients 
referred for echocardiography is the InShape II algorithm, 
which consists of a CTEPH prediction score and the CTEPH rule- 
out criteria [87–91]. Moreover, there are several radiological signs 
on CTPA that are highly specific for CTEPH and can contribute in 
early identification of patients who require focused diagnostic 
evaluation early in the course of disease [79,92–95].

Decreased daily physical activity after a PE diagnosis, anxiety, 
and post-thrombotic panic syndrome, as well as fear for recur-
rences or complications all result in deconditioning with persistent 
symptoms and functional limitations as a result; these patients are 
referred to as having post-PE functional impairment [69–72,74,96– 
98]. Exercise treatment or cardiopulmonary rehabilitation is 
a potential treatment option for these patients. A Dutch study 
showed that in patients with persistent moderate-to-severe dys-
pnea >3 months after acute PE, a 12-week rehabilitation program 
resulted in significant improvement in training intensity and PE- 
specific QoL [99]. An Austrian study showed that a 6-week rehabi-
litation course initiated after a median of 19 weeks following an 
acute PE diagnosis resulted in improvement in the 6-minute walk 
test and self-reported health [100]. While rehabilitation seems 
effective in the treatment of PPES, it has been suggested that 
exercise training early after PE diagnosis may prevent decondition-
ing and resulting loss of QoL. Several studies have shown that 
exercise training is safe in acute PE patients [100–105]. Two studies 
randomized acute PE patients to early initiation of exercise training 
versus no exercise training [102,106]. The first study showed sig-
nificant improvement of estimated VO2max, RV/left ventricle ratio, 
and health-related QoL in the exercise training group, while no 
improvement was found in the control group [106]. The second 
study showed a greater improvement in incremental Shuttle Walk 
Test and PE-specific QoL for the exercise group compared to the 
control group. However, group differences were small.[102] 
A potential explanation for the less than convincing findings of 
these two studies was that unselected post-PE patients without 
considering persistent symptoms were included, potentially dilut-
ing the effects of early exercise training. The currently ongoing 
PE@HOME study (Dutch trial register NL9615) is randomizing acute 
PE patients with persistent symptoms and function limitation after 
2–3 weeks (i.e. MRC ≥2 and PVFS ≥ 2) to an 8-week home-based 
exercise program versus no exercise program. This study will 
provide more knowledge on optimal patient counseling regarding 
prevention of post-PE syndrome.

6. Expert opinion

We have discussed four important aspects of acute PE manage-
ment that are still subject of debate and research (Figure 1). When 
treating a patient with acute PE, the first step should be the 
assessment of the need for reperfusion treatment. We argue that 

Figure 1. Pathway of acute pulmonary embolism treatment.
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the first-line treatment of intermediate-high-risk PE outside clinical 
trials remains anticoagulant treatment. Full-dose systemic throm-
bolysis is associated with a too high risk of major bleeding to be 
considered as primary treatment in this patient category; CDT 
cannot be recommended yet as randomized studies, using rele-
vant clinical outcomes, are lacking. Only if intermediate-high-risk 
patients show progress to hemodynamic instability or obstructive 
shock despite adequate anticoagulant treatment, systemic throm-
bolytic treatment or CDT should be considered as rescue treat-
ment [4,16]. Decisions regarding rescue treatment are best 
discussed in a PERT to facilitate consistent decision-making. 
Reduced dose systemic thrombolysis, catheter-directed thrombo-
lysis, and mechanical thrombectomy are currently being evaluated 
in large, randomized studies. Results from these trials will provide 
us with more information regarding the future role of primary 
reperfusion treatment for hemodynamically stable acute inter-
mediate-high PE patients.

In those patients not requiring reperfusion treatment, the 
need for anticoagulant treatment should be weighed. There 
are several arguments as to why SSPE may potentially be left 
untreated. When considering not starting anticoagulant treat-
ment in an SSPE patient, the following should be considered 
(1) the universal SSPE definition should be used, confirmed by 
an experienced radiologist, (2) patients with risk factors for 
recurrent VTE (e.g. pregnancy, cancer, trauma, recent surgery, 
prior VTE, and antiphospholipid syndrome), or patients pre-
senting with hypoxemia should receive treatment if the bleed-
ing risk is acceptable, and (3) SSPE patients with 
a simultaneous DVT should receive anticoagulation as well. 
Excluding non-symptomatic DVT in SSPE patients using the 
same diagnostic strategy to exclude symptomatic DVT in 
a patient without SSPE is therefore advised. There is no evi-
dence for the additional value of venography or ultrasonogra-
phy of pelvic veins in SSPE patients. However, since 
compression ultrasonography is the cornerstone of DVT diag-
nosis in patients without SSPS, we also advise performing 
a bilateral compression ultrasonography to exclude DVT in 
SSPE patients. The currently ongoing safe-SSPE study will 
hopefully provide more precise guidance in the management 
of SSPE patients [54].

After confirmation of the indication for anticoagulant treat-
ment, the need for hospitalization should be determined. 
Outpatient treatment of acute PE is safe, cost-effective, and 
results in a high level of patient satisfaction. When selecting 
eligible patients for outpatient treatment, the Hestia criteria or 
sPESI can be used, with or without assessment of RV dysfunc-
tion. In our practice, we apply the Hestia criteria. sPESI is an 
alternative clinical decision rule, although it was designed as 
a prediction score for all-cause death rather than a clinical tool 
to evaluate potential home-treatment. In the HOME-PE trial 
28.5% of the patients with an sPESI of 0 were ultimately 
hospitalized based on overruling by the treating physicians, 
highlighting that sPESI therefore should always be combined 
with other clinical (Hestia like) criteria to evaluate the feasi-
bility of home treatment.

Finally, there is increased awareness of all aspects of the 
prognosis of PE patients. The ICHOM standard set of outcome 
measures can help to assess all important patient outcomes. 

Patients with persistent symptoms and/or functional limita-
tions qualify as PPES. If so, the first priority is to evaluate the 
presence of CTEPD. For patients with post-PE impairment, 
dedicated exercise training likely improves QoL and functional 
abilities. The ongoing PE@HOME studywill give us more 
insight into the role of exercise training initiated shortly after 
PE diagnosis in the prevention of PPES. There is currently no 
evidence on the relationship between different types of antic-
oagulant treatment or treatment adherence and the develop-
ment of PPES.
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