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KEY POINTS

� Acute pulmonary embolism (PE) is the third most common acute cardiovascular condition, and its
prevalence tends to grow over time.

� Echocardiography is the most available, bedside, low-cost, diagnostic procedure for patients with
PE.

� D-dimer has a very high negative predictive value, and if normal levels of D-dimer are detected, the
diagnosis of PE is very unlikely.

� In case of persisting dyspnea during follow-up of a patient with PE, a transthoracic echocardiogra-
phy should be performed in order to assess the risk of pulmonary hypertension.
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INTRODUCTION

Pulmonary embolism (PE), along with deep vein
thrombosis (DVT), is the clinical manifestation of
venous thromboembolism (VTE).1 Acute PE is the
thirdmostcommonacutecardiovascular condition,2

and its prevalence tends to grow over time.3 PE is
particularly prevalent in elderly patients,4 leading to
an estimated annual cost of 8.5 billion euros in the
European Union.5 Acute PE is burdened by remark-
able mortality, up to 34% in severely ill patients pre-
senting with hemodynamic instability.6 However,
when correctly diagnosed and promptly treated,
acute PE is associated with a mortality close to 7%
of patients.7 On the other hand, the development of
new imaging and biochemical tools has led to an in-
crease in overdiagnosis of PE, which is likely to
generate significant costs for health care systems.8

Given this magnitude, special attention should be
paid to ensuring that an accurate diagnosis is
made within a reasonable time. Last but not least,
PE might develop into chronic thromboembolic pul-
monary hypertension (CTEPH), which is also
burdened by remarkable morbidity and mortality.9

Taken all together, optimal background knowledge
of PE diagnosis and management and its complica-
tions should belong to all physicians, in particular,
those daily dealing with acutely ill patients.
Throughout this review, 5 burning questions are

addressed concerning those issues that might
dramatically impact the management of PE pa-
tients, respectively:

1. Cardiac ultrasound and PE
2. Biomarkers in PE: is there something beyond

D-dimer?
3. Risk stratification (RS) strategies in PE
4. Thrombolysis: to be or not to be?
5. CTEPH screening after an acute PE

CARDIAC ULTRASOUND AND PULMONARY
EMBOLISM

Echocardiography is the most available, bedside,
low-cost diagnostic procedure for patients with
PE. Acute PE is responsible for the increase in right
ventricle (RV) pressure/volume and eventually RV
dysfunction. The RV is a complex structure whose
evaluation poses a diagnostic challenge. For all of
these reasons, there is not a single strong param-
eter that can be considered diagnostic itself, but
there is a cluster of parameters that can lead to
the suspicion of PE. The negative predictive value
of echocardiography for the diagnosis of acute PE
is 40% to 50%, and a negative result cannot
exclude it. Transthoracic echocardiography (TTE)
can visualize intracardiac thrombi (right atrium/
RV) that occur in about 5% of patients and very
seldom in the pulmonary arteries (Fig. 1). Transe-
sophageal echocardiography (TEE) can detect
thrombus in the central pulmonary artery (main,
right, and left artery) but with a sensitivity of 30%
in unselected populations.10

The most useful parameters for the diagnosis of
PE are reported in Table 1. RV enlargement is
used for the disease stratification but is present
only in 25% of cases.11 Besides, RV dilation can be
also found in patients with significant left ventricular
dysfunction or valvular disease. RV overload can
help in the differential diagnosis between PE and
RV hypokinesia/akinesia, such as in RV infarction.
A relatively new 2-dimensional RV speckle-

tracking echocardiography has been clearly
involved in patientswith PE related to the increased
afterload of the RV. According to recent studies,
there is a good relationship between RV global lon-
gitudinal strain (GLS) with outcomes and response
to therapy in pulmonary hypertension (PH).12 How-
ever, there is no agreement among different inves-
tigators in the relationship between RV strain and
in-hospital and long-termmortality.13,14 Thepersis-
tence of RV free-wall GLS impairment after PE cor-
relates with worse prognosis.15

As general consent, because of the limited
specificity of the TTE, invasiveness of TEE, and
low sensitivity for both procedures, echocardiog-
raphy is not considered a routine methodology to
rule out PE.16 Although echocardiography is non-
diagnostic for PE, it can still provide important
Fig. 1. TTE (A) and TEE (B) show a
large horseshoe-shaped clot in the
right ventricle and right atrium strad-
dling the patent foramen ovale and
arriving up to the left atrium and
left ventricle.



Table 1
Echocardiographic parameters for the
diagnosis of pulmonary embolism

Window Parameters

Long axis Dilated RV

4-Chamber
view

Basal diameter RV/left
ventricle >1

RV basal diameter >41 mm
RV middiameter >35 mm
McConnell sign:
akinesia of the
mid free wall but
normal motion at the
apex (present in
10%–20% of
the patients)

Parasternal
short axis

Flattened
interventricular
septum (D-shape)

Subcostal Dilated inferior
vena cava (>21 mm)
and noncollapsible
during inspiration

Short axis 60/60 sign:
acceleration time
on pulsed wave in right
ventricle outflow
tract <60 ms and
mid systolic notch

Mild to moderate
increase in pulmonary
systolic pressure at the
tricuspid valve
(>30 and <60 mm Hg)

4-Chamber
view

Reduced tricuspid
annular systolic
excursion by
M-mode <16 mm

4-Chamber
view

Decreased S0 velocity
(<9.5 cm/s)

4-Chamber
view

RV thrombus
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information by helping to exclude other causes of
severe heart dysfunction (acute left ventricular
dysfunction, tamponade, acute valvular disease,
and aortic dissection) and/or right-to-left shunt
through a patent foramen ovale and the presence
of thrombi, which are both related to increased
mortality in patients with PE17 (Figs. 2–5).
BIOMARKERS IN PULMONARY EMBOLISM: IS
THERE SOMETHING BEYOND D-DIMER?
Biomarkers in the Right Context

Clinical symptoms and signs of PE are not specific;
therefore, an unmet need of clinicians in the clinical
practice is to have useful tools helping in perform-
ing fast and accurate diagnosis of PE. Following
the definition of the Biomarkers and Surrogate
End Point Working Group, a biomarker can be
defined as “a characteristic that is objectively
measured and evaluated as an indicator of normal
biological processes, pathogenic processes, or
pharmacologic responses to a therapeutic inter-
vention.”18 In addition, 3 criteria have been recently
defined toconsider abiomarker useful in theclinical
context: (i) the biomarker has to be an accurate,
repeated measurement, possible to measure with
a reasonable cost and in short time; (ii) the
biomarker must provide information not already
available from a careful clinical assessment; and
(iii) the biomarker should support the clinician in de-
cision making.19,20 Accordingly, biomarkers can
derive from blood, urine, genetics, imaging, and bi-
opsies. For the aim of this review, the authors focus
only oncirculating biomarkers. Furthermore, based
on available evidence, the authors have divided
into 2 categories the usefulness of clinical bio-
markers in PE: (i) diagnosis; and (ii) RS.
Diagnosis of Pulmonary Embolism

D-dimer
D-dimer is a fibrin degradation product, resulted
from the degradation of blood clot by plasmin
(the main fibrinolysis enzyme).21 Specifically,
D-dimer is made of 2 D-fragments of the fibrin
joined by a cross-link. D-dimer levels are usually
not detectable in human blood plasma, and the
presence of D-dimer indicates the activation of
coagulation process. However, because the coag-
ulation process can be activated by several
different processes (eg, inflammation, cancer,
pregnancy), D-dimer has a very low specificity.
Furthermore, D-dimer levels increase with age;
therefore, age-adjusted cutoff levels have been
suggested.

To date, it is not arguable that D-dimer is the
most important biomarker in PE. In particular,
D-dimer has a very high negative predictive value,
and if normal levels of D-dimer are detected, the
diagnosis of PE is very unlikely. For this reason,
in patients with low or intermediate clinical proba-
bility of PE (based on the combination of symp-
toms and clinical findings through prediction
scores such as Geneve score and Wells score22),
guidelines recommend to assess D-dimer levels1;
if D-dimer is negative, this biomarker is enough
to rule out the presence of PE. On the other
hand, in the presence of a high level of D-dimer,
it is necessary to perform a computed tomo-
graphic (CT) pulmonary angiogram. Using this
strategy, it has been demonstrated that about



Fig. 2. A 20-year-old male patient diagnosed with intermediate-high risk, massive PE, and the presence of a mass
in the RV. Upon arrival at the emergency department, the electrocardiogram showed SR. S1Q3T3 pattern of acute
cor pulmonale (McGinn-White sign). Large S wave in lead I, a Q wave in lead III, and an inverted Twave in lead III
together indicate acute right heart strain.

Fig. 3. Cardiac ultrasound of a 20-year-old male patient diagnosed with intermediate-high risk, massive PE, and
the presence of a mass in the RV. (A) The RV was enlarged, and a big thrombus was seen proximal to the apex
(arrows). (B) Three-dimensional echocardiogram of the RV and thrombus. (C) Four-chamber view showing RV
enlargement with thrombus (arrows). (D) Completely obstructed right and left pulmonary artery (arrows). (E)
No systolic flow in the pulmonary branches (arrows).
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Fig. 4. Cardiac ultrasound of a 20-year-old male patient diagnosed with intermediate-high-risk PE. (A) Tricuspid
regurgitation (TR) from the long axis for the RV. (B) Doppler of the TR with intense signal and triangular shape.
(C) Dilated inferior vena cava 23 mm, noncollapsible.
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30% of patients with a suspected PE in the emer-
gency department can be safely ruled out after a
negative D-dimer. D-dimer performances, howev-
er, are strongly dependent on the adopted assay.
Notably, because D-dimer levels increase with
age, its specificity in PE diagnosis decreases.23

For this reason, it has been suggested to use
age-adjusted cutoff levels, instead of the cutoff
of 500 mg/L,24,25 with an increase of about 25%
of the number of patients ruled out without further
tests.26

Emerging biomarkers

i. Micro-RNA (miRNA): miRNAs are circulating,
noncoding RNA with a regulatory role in several
processes, such as differentiation and
apoptosis.27 Because of its stability, recent
research has focused on miRNAs as a novel
noninvasive diagnostic biomarker of various
diseases, including PE.28,29 Recently, 2 metaa-
nalyses have evaluated all available literature,
showing that miRNAs may be considered a
novel diagnostic biomarker for VTE, identifying
miR-134 as the most extensive and reliable,
with an average sensitivity of 0.82 and an
average specificity of 0.83, with an area under
the curve of 0.89.
Fig. 5. CT scan of pulmonary arteries of a 20-year-old m
shows massive bilateral PE with PH and RV strain. (A) Med
cate pulmonary artery thrombus). (C) Right ventricular th
ii. Pentraxin-3: recently, a small study involving
157 PE patients showed that pentraxin-3, an
acute-phase reaction protein in inflammation
derived from the pentraxin protein family
(such as C-reactive protein30), relates to the
Wells score, with higher levels in patients with
high to moderate risk. Furthermore, it is associ-
ated with prognosis in PE.

iii. Lipidomic: clinical lipidomic studies lipid pro-
files, pathways, and networks by character-
izing and quantifying the complete spectrum
of lipidomes in blood samples of patients.31

Recently, it has been demonstrated that lipido-
mic profiles of patients with acute lung dis-
eases are different from healthy subjects;
besides, disease-specific portions of lipido-
mics among patients with PE have been
demonstrated, in particular when compared
with patients with other pulmonary diseases
(eg, acute exacerbation of obstructive pulmo-
nary disease or severe acute pneumonia).31

Further studies are needed to evaluate the
use of this novel strategy in the clinical context.

Risk Stratification of Pulmonary Embolism

Once PE has been diagnosed, RS is due to allo-
cate each patient to the appropriate treatment.1
ale patient diagnosed with intermediate-high risk PE
iastinal window. (B) Pulmonary window (arrows indi-
rombus (arrow).
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Initial RS is based on symptoms and signs of he-
modynamic instability, which requires an immedi-
ate emergency diagnostic and therapeutic
strategy; on the other hand, patients with a situa-
tion of hemodynamic stability require further risk
assessment, based on clinical, imaging, and circu-
lating biomarkers (mostly related to RV function
and myocardial injury), and presence of comorbid-
ities. Among circulating biomarkers, 3 groups of
biomarkers can be considered: (i) biomarkers of
myocardial injury; (ii) biomarkers of right ventricu-
lar dysfunction; and (iii) other biomarkers.

Myocardial injury
Troponins Elevated troponins (defined as a
detected value above the normal limits of the
assay used) can be found in between 30% and
60% of the patients with a diagnosis of PE. An
elevation in troponin levels is associated with an
increased risk of mortality, identifying patients
with high risk of short-term death and adverse
outcome.32 As for D-dimer as well as for troponins,
the use of age-adjusted cutoff has been
suggested.33

Based on this evidence, together with the
simplified Pulmonary Embolism Severity Index
(sPESI),34 European Society of Cardiology (ESC)
guidelines recommend assessing troponins levels
in hemodynamically stable patients with PE, to
distinguish between intermediate- to high-risk (if
troponins positive) and intermediate- to low-risk
(if troponins negative) patients, with a possible
rescue reperfusion treatment in the first group if
necessary.1

In regard to cutoffs, the lower detection limits for
myocardial ischemia reported by the manufacturer
should be adopted for troponins in the setting
of PE.35

Myoglobin It has been demonstrated that sex-
specific myoglobin levels are elevated in serum
on admission in patients with PE, predicting in-
hospital mortality.36 However, its use in clinical
practice is not routinely recommended.

Heart-type fatty acid-binding protein It has been
demonstrated that heart-type fatty acid-binding
protein (H-FABP), an early marker of myocardial
injury, is associated with poor short-term outcome
and mortality in patients with PE.37–39 In some
small pilot studies, H-FABP levels showed
superiority to troponins, natriuretic peptides, and
myoglobin in prediction of short-term
outcomes.40,41

Right ventricular dysfunction
B-type natriuretic peptides B-type natriuretic pep-
tide (BNP) and N-terminal proBNP (NT-proBNP)
are released as a response to myocardial stretch,
reflecting the severity of ventricular dysfunction.
Notably, in PE, it has been demonstrated that
levels of natriuretic peptides are related closer to
right ventricular dysfunction than to left dysfunc-
tion.42 High concentrations of BNP or NT-
proBNP distinguish between PE patients at higher
risk of complicated in-hospital course and death
and those with a better prognosis.43

With regard to the cutoffs, it has been suggested
that a BNP level of less than 50 pg/mL for triage
assay was able to predict positive outcome in PE
patients (lower than those used in congestive heart
failure),44 whereas for NT-proBNP, a cutoff be-
tween 500 and 600 pg/mL has been
suggested.45,46

Other biomarkers

i. Lactate: as result of an imbalance among tis-
sue oxygen demand and supply, elevated
levels of lactate (>2 mmol/L) have been associ-
ated with poor outcome in PE patients.47,48

ii. Renal function: a decreased renal function esti-
mated with glomerular filtration rate, and
increased levels of creatinine are related to
poor short-term outcomes as well as other
biomarkers of acute kidney damage (ie, cysta-
tin C and neutrophil gelatinase–associated
lipocalin).49,50

iii. Hyponatremia: It has been shown that the
presence of hyponatremia is associated with
poor outcome in patients with acute PE.51,52

iv. Copeptin and adrenomedullin (ADM): Midre-
gional proadrenomedullin (MR-pro-ADM) and
copeptin, vasopressin-related biomarkers of
which levels increase with stress, hypotension,
and low CO, have been reported to be associ-
ated with poor outcome in PE.53 In particular,
copeptin and MR-pro-ADM were independent
predictors of PE-related mortality, but they
were not independent predictors of PE-
related complications. In a post hoc analysis
of a cohort of about 800 patients, when copep-
tin was used on top of the ESC RS algorithm in
intermediate- to high-risk patients, copeptin
was able to improve RS of PE patients.54

In summary, despite a large number of biomarkers
that have been investigated in PE, to date, only a
few of them can be considered useful in the clinical
setting and able to modify the decision process in
medical practice. It is not arguable that D-dimer
represents the gold-standard circulating
biomarker in the diagnostic process of PE, with
its ability in the rule out patients with low-
intermediate clinical probability of PE, or when
PE is unlikely. On the other hand, troponins and
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brain natriuretic peptides have shown their useful-
ness in the RS of PE, with a pivotal role in the de-
cision process of the treatment strategy of the
patient; indeed, because of their high negative
predictive value for adverse outcomes, low car-
diac troponins and natriuretic peptides discrimi-
nate low-risk patients.55

To date, PE represents a typical condition in
which a multimarker strategy, with the combina-
tion of clinical, imaging, and circulating bio-
markers, appears to be the best strategy, as it
has been demonstrated in several other clinical
settings.56
RISK STRATIFICATION STRATEGIES IN
PULMONARY EMBOLISM

RS of the severity and mortality owing to PE is a
crucial part of everyday clinical engagement of
hospitalists.57,58 Therapeutic approaches are not
unambiguous, so mastering an accurate and rapid
assessment patients’ PE-specific risk factors and
immediate implementation of therapy are of utter-
most importance in order to reduce related
morbidity and lethality.59,60

PE mortality risks have conventionally been
divided into high, intermediate (high/low), and
low level. Evaluating patient’s hemodynamic state
(shock, severe hypotension, and similar) and right
ventricular dysfunction/damage (RVD), which
allow discriminating between high and not high
risk, is rather unequivocal. Assessment of
moderate-risk acute PE subtypes, however, are
challenging and involve a variety of supporting
diagnostic steps in a differentiated algorithm,
which can and should be individually tailored to a
given clinical situation and patient’s (especially co-
morbidity) profile. In most cases, PE is a conse-
quence of DVT; therefore, patients should be
considered holistically.61 Because of the acute-
ness and seriousness of PE, clinicians widely
reach out to objective predictive scales, such as
Wells, Geneva, or YEARS score.26,62,63 However,
these are to be viewed as solely supportive tools,
because they do not reflect the complexity of the
cases.

Further measures toward RS partially overlap
with diagnostics and can be divided into labora-
tory testing, imaging, and clinical characteristics
of the patient.64 These 3 pillars reflect the 3 main
causalities for early mortality: extent of the
pulmonary circulation, associated RVD, and
comorbidities.65

As discussed in the previous section, most valu-
able laboratory tests for RS include general (eg,
lactate), RVD (eg, BNP), and cardiac (myocardial
damage) biomarkers. Despite the fact that mostly
the latter are included in the current PE risk classi-
fication, the remaining ones are of value for a
comprehensive decision on further action and pro-
vide a base for recoalescence monitoring.

Although CT of the pulmonary arteries is the
gold-standard diagnostic procedure, it also pro-
vides information for RS, for example, right ven-
tricular load, (non)-movable RV clots. Similar and
additional parameters can be collected via further,
but inferior appliances, such as lower limb ultra-
sound (sensitivity 90%, specificity 95%, false pos-
itives in incomplete vein compression), ventilation
and perfusion scintigraphy (insensitivity consecu-
tively to ventilation disorders), CT angiography
(positive predictive value for high and intermediate
PE risk: 92%–96%; for low: 58%; negative predic-
tive value for low and intermediate PE risk: 96%
and 89%; for high: 60%), magnetic resonance
angiography, echocardiography, depending on
their availability and clinical condition of the pa-
tient.66–68 Novel technologies, such as "dual-en-
ergy" imaging, "high-pitch" techniques, or
monoenergetic reconstruction, are beneficial in or-
der to further improve image quality and
diagnostics.69

Patient-specific factors gobeyondclinical symp-
toms and often coincide with comorbidities, espe-
cially prothrombolitic, CTEPH, hormonal (including
antihormonal therapy in cancer survivors), cardior-
hythmic and oncologic conditions, as well as post-
surgical cases.70,71 Pregnant patients require
special consideration and approach.72 Thus, a
careful anamnesis is imperative and just as impor-
tant as above-mentioned methods.

The current ESC algorithm1 sets up 4 risk
groups of PE patients: high, intermediate high, in-
termediate low, and low risk. This distinction can
be made with 4 main diagnostic tools: hemody-
namic instability combined with RV dysfunction is
always to be considered high risk, independently
of the PESI score or cardiac markers (troponin).
If the patient is stable, there is no RV dysfunction,
and the PESI score is not higher than 2, there is no
obligation of measuring the troponins, and the pa-
tient is to be categorized as low risk. In the case of
a PESI score III to IV, the patient is at intermediate
risk. If there is an RV dysfunction or an elevated
troponin level accompanying the PESI score of III
to IV, intermediate-high risk is present. In case of
one or both being negative, an intermediate-low
risk is present. Thus, combined risk markers are
the sPESI, evidence of RV dysfunction, and evi-
dence of myocardial ischemia. If the latter two
are positive, these are patients with intermediate-
high risk. These patients are potential candidates
for thrombolysis, either systemically or with inter-
ventional procedures (Fig. 6).



Fig. 6. RS algorithm of the severity and mortality owing to PE. TT, transthoracic echocardiography.
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So far, depending on signs of RV dysfunction
and/or myocardial damage, patients were differ-
entiated as per "intermediate" and "low" mortality
risk. For the first time in the new guidelines, the
heterogeneous group of normotensive patients
with "intermediate" risk is further stratified.

THROMBOLYSIS: TO PULMONARY
EMBOLISM OR NOT TO PULMONARY
EMBOLISM?
Thrombolysis in Pulmonary Embolism

The standard treatment for most patients with PE
in the acute phase is anticoagulation with low-
molecular-weight heparin (LMWH), unfractionated
heparin (UFH), direct-acting oral anticoagulants
(specifically, rivaroxaban and apixaban), or fonda-
parinux. Use of UFH is nowadays largely restricted
to patients with hemodynamic instability or pa-
tients at high risk of hemodynamic decompensa-
tion in whom primary reperfusion treatment will
be necessary.1,73

Pharmacologic thrombolysis (fibrinolysis)
Several studies have shown that fibrinolysis favors
early lysis of the thrombus, with a reduction in pul-
monary arterial pressure and an improvement in
RVD faster than heparin in patients with acute
PE.74–76 In patients with high-risk PE (those who
associate hemodynamic instability), fibrinolysis
appears to be associated with a reduction in mor-
tality or recurrence of PE.77 The recently published
ESC guidelines for the diagnosis and management
of acute PE have deeply defined hemodynamic
instability in these patients, and it includes the
following: (1) cardiac arrest; (2) obstructive shock
(with systolic blood pressure <90 mm Hg or vaso-
pressors requirement to achieve blood pressure
�90 mm Hg and end-organ hypoperfusion); or (3)
persistent hypotension (defined as systolic blood
pressure <90 mmHg or a drop of�40 mmHg last-
ing longer than 15 minutes and not caused by
arrhythmia, hypovolemia, or sepsis).1 However,
only a randomized clinical trial has been published
to date that demonstrates the benefit of fibrinolysis
in terms of survival in patients with high-risk PE; in
that study, only 8 patients were randomized, and
the trial was stopped because the 4 patients who
received streptokinase survived and the 4 who
received heparin died.78 Therefore, currently, all
PE treatment guidelines agree that fibrinolysis is
the initial treatment of choice in patients with PE
and hemodynamic instability.1,78,79 Fibrinolytics
with indication in PE are streptokinase, urokinase,
and recombinant tissue plasminogen activator (eg,
alteplase). Contraindications for fibrinolysis are
listed in Box 1.



Box 1
Absolute and relative contraindications for
fibrinolysis

Absolute contraindications

� Hemorrhagic stroke or stroke of unknown
origin (at any time)

� Ischemic stroke in the previous 6 months

� Lesions or neoplasms of the central nervous
system

� Surgery/major trauma/head trauma in the
previous 3 weeks

� Gastrointestinal bleeding in the last month

� Hemorrhagic diathesis

Relative contraindications

� Transient ischemic accident in the previous
6 months

� Oral anticoagulation

� Pregnancy or 1 week after delivery

� Noncompressible puncture site

� Traumatic resuscitation

� Refractory arterial hypertension (systolic
blood pressure >180 mm Hg)

� Advanced liver disease

� Infective endocarditis

� Active peptic ulcer
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In patients with intermediate-risk PE (ie, without
hypotension but with data of RVD), the main evi-
dence available is the PEITHO trial. In PEITHO,
the largest trial to date involving only patients
with intermediate-risk PE (n 5 1006), thrombolysis
halved the number of patients who developed the
primary outcome (a composite of death from any
cause and hemodynamic decompensation or
collapse within 7 days) from 5.6% with heparin to
2.6% with tenecteplase. However, this benefit
extracted a high price, a 10-fold increase in hem-
orrhagic stroke (0.2% with heparin vs 2.0% with
tenecteplase).80–82 Previously, a randomized
study compared heparin versus alteplase in pa-
tients with similar characteristics, finding that fibri-
nolysis reduced the incidence of treatment
progression (catecholamines, rescue fibrinolysis,
and similar), but without affecting mortality.83

Interestingly, long-term follow-up (median
37.8 months) of patients included in the PEITHO
trial (709 of 1006 initially randomized patients)
showed that there was no reduction in mortalities,
no reduction in persistent dyspnea or functional
limitation, and no reduction in CTEPH among
those patients who received thrombolysis.82,84
Therefore, current guidelines coincide in not
advising onset fibrinolysis in patients with
intermediate-risk PE.1,78,79 However, "rescue"
thrombolysis would be indicated in these patients
if they developed instability or data of poor clinical
evolution in the first hours despite anticoagulant
treatment.1,78

Interventional thrombolysis
The goal of interventional thrombolysis is to
remove the thrombus from the main pulmonary ar-
teries and thus facilitate RV recovery and improve
symptoms and survival. In patients with high-risk
PE and contraindication for fibrinolysis (see
Table 1) or in whom fibrinolysis has not been
effective, surgical embolectomy is recommended
in centers where such technique is available.1,78

In selected patients, a perioperative mortality of
6% or less has been described, with an increase
in the World Health Organization functional class
and quality of life.85–87

As an alternative to surgery, percutaneous
catheter-directed thrombolysis can be consid-
ered in centers with experience and available re-
sources. Percutaneous thrombolysis can be
performed mechanically (without drug adminis-
tration) in patients at high risk of bleeding. Percu-
taneous thrombolysis can also be performed with
administration of local fibrinolysis (catheter-
directed fibrinolysis) in selected cases, primarily
in patients with moderate-low risk of bleeding
with contraindication for systemic fibrinolysis or
those in which systemic fibrinolysis has proven
ineffective. There are no clinical trials that have
compared catheter-directed fibrinolysis with sys-
temic fibrinolysis.1 The acute-phase therapeutic
strategies for patients with PE are summarized
in Table 2.
CHRONIC THROMBOEMBOLIC PULMONARY
HYPERTENSION SCREENING AFTER AN ACUTE
PULMONARY EMBOLISM

As mentioned before, CTEPH is a fearsome
chronic complication of acute PE whose hall-
mark is a persistent increase in pulmonary pres-
sures that is closely linked to right heart failure
and death.9 The steric encumbrance caused by
the presence of organized thromboembolic ma-
terial may lead to an initial hemodynamic over-
load of those segments of the pulmonary
circulation initially not affected by thromboem-
bolic disease, which likely results in a chronic
vascular remodeling.88 CTEPH is a rare compli-
cation of acute PE, considering the data of a
recently published systematic review reporting
a pooled incidence of CTEPH after acute PE of



Table 2
Acute-phase therapeutic strategies for patients with pulmonary embolism

PE Type Destination Treatment

I. High-risk PE (cardiac arrest,
obstructive shock, persistent
hypotension)

Admission in intensive care
unit

� Hemodynamic and respira-
tory support

� Early fibrinolysis (streptoki-
nase, urokinase, rTPA)

� UFH (at least 24–48 h)
� Once stabilized, continue
treatment as in III

II. Intermediate-high risk PE
(RV dysfunction by imaging
AND cardiac enzymes
WITHOUT hemodynamic
instability)

Admission in intensive care
unit or intermediate care
unit (if available)

� UFH preferably if there is no
contraindication for even-
tual thrombolysis (at least
24–48 h)

� Subsequently, anticoagula-
tion (LMWH, fondaparinux,
rivaroxaban, or apixaban)

� Monitoring: in case of
instability, consider rescue
fibrinolysis

III. Intermediate-low risk PE
(RV dysfunction by imag-
ing OR cardiac enzymes
WITHOUT hemodynamic
instability)

Acute ward admission � Anticoagulation (LMWH,
fondaparinux, rivaroxaban,
or apixaban)

IV. Low-risk PE (no RV
dysfunction and hemody-
namically stable)

Consider early discharge (24–
48 h) or short hospital
admission

� Anticoagulation (LMWH,
fondaparinux, rivaroxaban,
or apixaban)

Abbreviation: rtPA, recombinant tissue plasminogen activator.
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3.4% (95% confidence interval 2.1%�4.4%).89

On the other hand, 25% of CTEPH patients do
not present a previous acute PE.90 If undiag-
nosed and left untreated, CTEPH is associated
with a 3-year mortality of 30%.91 For this reason,
an accurate and prompt screening has a not-
negligible clinical relevance. Whether PE survi-
vors should undergo a systematic screening pro-
cedure for CTEPH was matter of debate. A post
hoc analysis of the PEITHO trial reported that a
long-term screening after PE lead to a CTEPH
diagnosis only in 10 of 709 patients, although
almost one-third of PE survivors were still symp-
tomatic after 24 months of follow-up.84 For this
reason, the recently published European guide-
lines suggest to perform a routine clinical evalu-
ation after 3 to 6 months of effective
anticoagulation therapy.1 This timeframe is
necessary to ensure enough time for thrombi
resolution.92 In the case of persisting dyspnea
or significant functional limitation, a Doppler
TTE should be performed in order to assess
the risk of PH. However, sometimes the symp-
toms of CTEPH can be subtle and misleading.
For this reason, it is quite challenging to perform
a correct RS in patients who survived an acute
PE. Box 2 provides an overview of all the clinical
conditions and risk factors that are associated
with the development of a CTEPH after PE.
The results of cardiac ultrasounds may be inte-

grated also with cardiopulmonary exercise test
and/or with serum levels of natriuretic peptides.1

Those patients with high probability of having PH
should promptly undergo V/Q scan, and if
mismatch perfusion defects are present, should
be referred to a PH expert center for further diag-
nostic workup (Right heart catheterization
(RHC)). It is crucial to establish a CTEPH diag-
nosis in a reasonable timeframe because
different therapeutic options are available. The
gold standard for CTEPH patients is pulmonary
endoarterectomy (PEA), that when performed in
a large-volume center, is likely to grant accept-
able survival rates.1 When PEA cannot be per-
formed because of technical difficulties, or
when CTEPH persists even after PEA, oral
administration of Riociguat is indicated,1 taking
also into account its positive effects on RV size
and function.93,94 Balloon angioplasty should be
considered alone or in addition to Riociguat.1



Box 2
Clinical conditions and risk factors associated
with chronic thromboembolic pulmonary
hypertension

Pulmonary embolism–related factors

Previous pulmonary embolism or deep venous
thrombosis

Evidence of large thrombi in main pulmonary
artery

Echocardiographic signs

Early signs of RV dysfunction

Ventricle-arterial shunts

Hematological conditions and/or disorders

Non-O blood group

Splenectomy

Thrombophilic disorders (antiphospholipid syn-
drome, high coagulation factor VIII levels)

Infections

Infected endovenous (EV) lines or pacemakers

Chronic osteomyelitis

Comorbidities

Thyroid replacement therapy

Cancers and myeloproliferative disorders

Inflammatory bowel disease
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SUMMARY

Acute PE is the third most common acute car-
diovascular condition, and its prevalence in-
creases over time. With regards to diagnosis,
D-dimer has a very high negative predictive
value, and if normal levels of D-dimer are
detected, the diagnosis of PE is very unlikely.
The final diagnosis should be confirmed by CT
scan. However, echocardiography is the most
available, bedside, low-cost, diagnostic proced-
ure for patients with PE. RS is of utmost impor-
tance and is mainly based on hemodynamic
status of the patient. Thus, patients with PE
and hemodynamic stability require further risk
assessment, based on clinical symptoms, imag-
ing, and circulating biomarkers (mainly NT-
proBNP and troponin). Finally, in the case of per-
sisting dyspnea during follow-up of a patient with
PE, a TTE should be performed in order to
assess the risk of PH.
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