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ABSTRACT
Acute pulmonary thromboembolism (APTE) is a highly prevalent condition (104-183
cases per 100,000 person-years) and is potentially fatal. Approximately 20% of patients
with APTE are hypotensive, being considered at high risk of death. In such patients,
immediate lung reperfusion is necessary in order to reduce right ventricular afterload
and to restore hemodynamic stability. To reduce pulmonary vascular resistance in APTE
and, consequently, to improve right ventricular function, lung reperfusion strategies have
been developed over time and widely studied in recent years. In this review, we focus
on advances in the indication and use of systemic thrombolytic agents, as well as lung
reperfusion via endovascular and classical surgical approaches, in APTE.
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INTRODUCTION
Acute pulmonary thromboembolism (APTE), the most
severe form of venous thromboembolism (VTE), is a
highly prevalent condition—104-183 cases per 100,000
person-years, similar to the prevalence of stroke(1)—and
is potentially fatal,(2) currently being the third leading
cause of cardiovascular death in the world, behind only
acute myocardial infarction and stroke.(3) It is believed
that, worldwide, more than three million people die
annually from PTE.(4) A study conducted in Brazil identiﬁed
approximately 100,000 deaths from PTE between 1989
and 2010, and, despite being impressive, that number is
probably underestimated.(5) There are signs of pulmonary
embolism in 18% of autopsies, and pulmonary embolism
was the main or contributing cause of death in 70% of
those cases.(6)
Although epidemiological data highlight the potential
severity of PTE, a considerable proportion of patients with
the disease are known to show a good evolution, becoming
oligosymptomatic or even asymptomatic.(7) Scientists
have long tried to understand the mechanism behind this
constellation of such distinct presentations of the same
disease: some patients evolve as asymptomatic; whereas
others suffer hemodynamic instability, cardiogenic shock,
and eventual death. The response of the right ventricle
(RV) to PTE and to the acute increase in pulmonary

vascular resistance (PVR) is currently believed to be the
main determinant of patient evolution.
PHYSIOPATHOLOGY OF HEMODYNAMIC
INSTABILITY IN APTE
The RV has certain anatomical and functional
characteristics that determine its peculiar response
to acute oscillations in the RV afterload. The RV has
low muscle mass in comparison with the left ventricle
(LV), and perfusion of the RV occurs during systole and
diastole.(8) In APTE, there is a sudden increase in PVR,
representing the ventricular afterload, by obstruction
of the arterial lumen and by vasoconstriction, mediated
by endothelial dysfunction induced by the presence of a
clot.(9) The increase in arterial pulmonary pressure due
to the increase in PVR is transmitted to the RV wall,
leading to its dilation and consequent loss of its best
position for distention, decreasing its contractile efﬁciency
(the Frank-Starling mechanism).(10) The interventricular
septum may also be affected by the acute increase in
the afterload and in the pressure of the right chambers,
altering its natural conformation and bulging into the
interior of the LV, hindering the ﬁlling and contraction of
the latter. Simultaneously, the increased tension in the
RV wall increases the local demand for oxygen, causing
relative ischemia of the RV and reducing its contractility.
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The interaction of these three factors results in reduced
right cardiac output, with consequently reduced LV
preload and, therefore, reduced LV cardiac output. This
reduced cardiac output causes systemic hypotension
and, subsequently, cardiogenic shock, and eventually
death.(11) Therefore, the best strategy to predict the
outcome of a patient with APTE is the evaluation of RV
function, when that speciﬁc thromboembolic stimulus
is present.(12)
The most recent consensus of the European Society of
Cardiology, developed in conjunction with the European
Respiratory Society, recognizes the central role of the
RV and considers the evaluation of the RV to be the
main focus of the risk stratiﬁcation of patients with
APTE.(13) The risk stratiﬁcation model proposed jointly
by the two societies can be seen in Table 1.
Once APTE has been diagnosed, the next step is
to evaluate the clinical repercussions of the event.
Signiﬁcant clinical repercussions, identiﬁed by the
application of a clinical score, such as the simpliﬁed
Pulmonary Embolism Severity Index,(14) are not seen
in low-risk patients. Patients that are not considered
low risk by the simpliﬁed Pulmonary Embolism Severity
Index should be further stratiﬁed. Intermediate-low-risk
patients, despite some clinical repercussions, do not
show signs of signiﬁcant RV dysfunction, as evidenced
by the absence of biochemical and radiological signs.
Intermediate-high-risk patients show acute RV
dysfunction, due to the increase in afterload, but can
still maintain cardiac output and, consequently, arterial
pressure, although that can result in myocardial injury
(identiﬁed by the serum presence of markers of injury
in association with signs of ventricular dysfunction
visible by imaging tests, whether echocardiography
or tomography), as depicted in Figure 1. Lastly, highrisk patients are hypotensive and, therefore, show
pronounced RV failure.
The frequency of APTE, by severity, was evaluated
in the International Cooperative Pulmonary Registry
study.(15) In that study, 20% of the APTEs were classiﬁed
as high risk, 48% were classiﬁed as low risk, and 32%
were classiﬁed as intermediate risk. Therefore, although
most patients do not show a severe form of the disease,
a considerable proportion show some degree of RV
dysfunction and are therefore at an increased risk
of death. To reduce PVR in APTE and, consequently,
to improve RV function, lung reperfusion strategies
have been developed over time and widely studied
in recent years. In this review, we focus on advances

in the indication and use of systemic thrombolytic
agents, as well as lung reperfusion via endovascular
and classical surgical approaches, in APTE.
SYSTEMIC THROMBOLYTIC AGENTS
Since the 1960s, the use of intravenous or even
oral anticoagulants has been effective in reducing
the recurrence of VTE, as well as reducing mortality
rates.(16) However, for a certain patient population this
treatment was insufﬁcient and mortality remained
high. Systemic thrombolytic agents, already widely
used for coronary reperfusion in acute myocardial
infarction, were subsequently evaluated also for
APTE. In 1971, Miller et al. demonstrated that the
use of streptokinase, 72 h after the acute event,
reduced the pulmonary artery systolic pressure, the
A

B

Figure 1. Contrast-enhanced computed tomography
scan in a patient with intermediate-high-risk pulmonary
thromboembolism. Note the presence of clot in the branch
of the pulmonary artery (in A); and the dilation of the right
ventricle and atrium, the narrowing of the interventricular
septum, and the resulting compression of the left ventricle
(in B).

Table 1. Risk stratiﬁcation according to the European Society of Cardiology together with the European Respiratory Society.

Risk of early cardiovascular
mortality (hospital mortality
or 30-day mortality)
High
Intermediate-high
Intermediate-low
Low

Shock or
hypotension

PESI III-IV or
sPESI > 1

RV dysfunction
(imaging test)

+
−
−
−

+
+
+
−

+

Markers of
myocardial injury

+
Both positive
Either one (or none) positive
Assessment optional if both negative

PESI: Pulmonary Embolism Severity Index; sPESI: simpliﬁed Pulmonary Embolism Severity Index; RV: right
ventricular.

238

J Bras Pneumol. 2018;44(3):237-243

Fernandes CJCS, Jardim CVP, Alver JL Jr, Oleas FAG, Morinaga LTK, Souza R

total pulmonary resistance, and the values of the
angiographic severity index in PTE, in comparison
with the use of heparin.(17) That information sparked
enthusiasm for the use of thrombolytic agents in PTE.
However, experience demonstrated two inconveniences
in the use of thrombolytic agents. The ﬁrst was that the
comparison between thrombolytic agents and heparin
as treatments for APTE showed them to be identical in
terms of the rates of pulmonary reperfusion, evaluated
by quantitative lung scintigraphy in the medium term
(two weeks) and long term (one year).(18) In other
words, despite acutely promoting a higher reperfusion
rate and, therefore, acutely reducing PVR, the use of
thrombolytic agents did not have a long-term effect
on pulmonary reperfusion. The second inconvenience,
which could affect the use of the new therapy, was
the fact that the use of thrombolytic agents for PTE
promoted signiﬁcantly higher rates of bleeding than
did that of conventional anticoagulants. Some studies
reported rates of up to 22%(15) of clinically relevant
bleeding with the use of thrombolytic agents. The
rates of intracranial hemorrhage, 2-3%,(15,19) were
particularly concerning, and the mortality in this
population was up to 75%.
Two meta-analyses (20,21) demonstrated the
role of systemic thrombolysis in high-risk APTE
(hemodynamically unstable) patients. The ﬁrst metaanalysis, published in 2004, evaluated a subgroup of
154 patients with PTE and hypotension, from several
smaller studies, and showed that thrombolysis had a
favorable impact on a compound outcome of death
and recurrence of VTE, in comparison with heparin
(9.4 vs. 19%; OR = 0.45; 95% CI: 0.22-0.92).(20) The
second meta-analysis, published in 2012, evaluated
a collective total of two million patients hospitalized
with PTE.(21) In that study, 21,390 hemodynamically
unstable patients received thrombolytic agents,
and the mortality rate among those patients was
8.4%, compared with 42.0% among the 50,840
hemodynamically unstable patients who did not
receive thrombolytic agents, for a variety of reasons.
Therefore, the use of systemic thrombolytic agents in
the presence of hemodynamic instability reduced the
relative risk of death by 80% (95% CI: 0.19-0.22)(21).
Therefore, the use of systemic thrombolytic agents is
considered an important alternative for reperfusion in
patients with PTE and hemodynamic instability.(22) The
beneﬁt in terms of mortality is maintained even when
thrombolytic therapy is implemented 14 days after the

acute event. However, the maximum beneﬁt occurs
when therapy is implemented in the ﬁrst 48 h after
the initial clinical presentation.(23) The recommended
agents and doses are described in Table 2.
Absolute contraindications to the use of thrombolytic
agents are recent major surgery (less than 10 days),
intracranial neoplasm, active bleeding, major trauma
(less than two weeks), stroke in the last three months,
any history of hemorrhagic stroke, and signiﬁcant
coagulopathy. These contraindications should be
properly evaluated because there is a risk of fatal
bleeding in these circumstances. However, studies
demonstrate that up to two thirds of patients with PTE
and hypotension do not receive ﬁbrinolytic therapy.(24)
Considering that the absolute contraindications cannot
be present in all of those patients, it is clear that
physicians fear bleeding. But such fear cannot justify
not administering the best therapy available for patients
with high-risk PTE. To better manage this condition and
other conditions in patients with APTE, some institutions
recently opted for the model of multidisciplinary care
teams, known as rapid response teams (pulmonary
embolism response teams).(25) Therefore, responsibility
is shared among team members (pulmonologists,
cardiologists, radiologists, intensivists, and surgeons)
and the patient, all of whom must act in an assertive
and timely manner, 24 h/day, in order to promote an
individualized approach based on the best evidence
in the ﬁeld of pulmonary embolism research. This
initiative began at Massachusetts General Hospital, in
Boston, Massachusetts, and now extends to multiple
centers in the United States and worldwide, with
encouraging results.
SYSTEMIC THROMBOLYSIS IN
INTERMEDIATE-HIGH-RISK PATIENTS
Even with the risk of bleeding previously described,
in the case of APTE, given the imminent risk of death
of a patient with pronounced RV insufﬁciency, the
use of systemic ﬁbrinolytic agents is indicated for
patients with pulmonary embolism and hypotension.(22)
However, in intermediate-high-risk cases, this indication
is controversial. The pathophysiological mechanism
previously described incites the tempting possibility
of preventing circulatory collapse by reducing the
RV afterload before the progression to pronounced
ventricular insufﬁciency, thus improving the outlook
for the patient. However, would this theoretical
beneﬁc supersede the risks of hemorrhage, which

Table 2. Thrombolytic agents and doses for high-risk pulmonary thromboembolism.

Agent
Urokinase (plasminogen activator)
Streptokinase (polypeptide derived from cultures of
beta-hemolytic streptococci, binds to plasminogen
and activates plasmin)
Tenecteplase (binds to ﬁbrin, increasing afﬁnity for
plasmin)
Alteplase (binds to ﬁbrin, increasing afﬁnity for
plasmin)

Dose
4,400 IU/kg in 10 min, with additional 4,400 U/kg/h for 12 h
250,000 IU in 30 min, with additional 100,000 IU/h for 24 h.
(Risk of anaphylaxis and hypotension)
30-50 mg in bolus, adjusted by weight (5 mg for each 10 kg,
from 60 to 90 kg)
100 mg in 2 h (10 mg in bolus, 50 mg in the ﬁrst hour, and 40
mg in the second hour)
J Bras Pneumol. 2018;44(3):237-243
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are already known for the use of ﬁbrinolytic agents
in other situations?
Dalla-Volta et al. (26) evaluated this question
systematically in 1992. Thirty six patients with APTE
and RV dysfunction, without shock, were randomized
to receive alteplase or heparin. The study did not
identify differences in terms of mortality or severe
bleeding; however, there was a reduction in the
pulmonary artery pressure and in the angiographic
score. Could thrombolysis then have another effect,
such as preventing the evolution of APTE to chronic
thromboembolic pulmonary hypertension (CTEPH), a
known complication of APTE, with its own high morbidity
and mortality? In 2002, that possibility was suggested by
Konstantinides et al. in a study evaluating 256 patients
with APTE and RV dysfunction, without hypotension,
receiving alteplase plus heparin or heparin only.(27)
Although there was no difference between the two
groups in terms of mortality, the rate of intracranial
hemorrhage in that study was zero for both groups.
In addition, at the end of the study, the pulmonary
artery pressure, measured by echocardiography, was
higher in the group that received heparin only. Could
thrombolysis have reduced the risk of this population
evolving to CTEPH?
The Pulmonary Embolism Thrombolysis trial(28)
provided concrete answers to some of the questions
that had arisen in the ﬁeld of pulmonary embolism
research. That multicenter study, conducted in 2014,
evaluated 1,006 patients with APTE and RV dysfunction,
without shock, and demonstrated that thrombolysis
in that clinical situation (with the use of tenecteplase)
had a positive effect on the combined outcome of
mortality and hemodynamic instability/use of vasoactive
drugs—2.6% of events in the thrombolysis group
vs. 5.6% in the full anticoagulation only (control)
group—with no isolated beneﬁt in terms of mortality.
However, that positive result occurred at a price(28):
the rate of intracranial bleeding was ten times higher in
the thrombolysis group than in the full anticoagulation
only group (2.0% vs. 0.2%). Another relevant aspect
of the study was the extremely low mortality in the
anticoagulation group (1.8%), only 3.4% of this
group requiring rescue thrombolysis. Those results
decreased the enthusiasm for thrombolysis in APTE
without hemodynamic instability, although the question
regarding the medium- and long-term effects of the
use of ﬁbrinolytic agents remained. Some limitations of
that study should be noted.(28) The population included
had a relatively high median age (70 years), therefore
being more prone to bleeding, which increases the
risks associated with the use of thrombolysis. Would
an intervention for a younger population with less
hemorrhagic risk be worth considering?
The long-term ﬁndings of the Pulmonary Embolism
Thrombolysis trial were recently published,(28) and
the use of thrombolysis was found to have no effect
on two-year mortality (20.3 vs. 18%; p = 0.43) or
on residual dyspnea (36.0 vs. 30.1%; p = 0.23). In
the population screened for CTEPH (30% of cases),
240
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there was no difference in the identiﬁcation of this
diagnosis (2.1 vs. 3.2%; p = 0.79),(29) the incidences
being comparable to those previously reported.(30) With
modest short-term beneﬁts, no long-term beneﬁts, and
a considerable risk of hemorrhage, the use of full-dose
thrombolytic therapy in APTE is increasingly restricted
to high-risk patients with hemodynamic instability.
The current recommendation is close monitoring
(preferably in the ICU) and, in case of instability, early
implementation of thrombolysis.(13,22)
Alternative approaches to systemic thrombolysis
in intermediate-high risk PTE, to minimize the
risk of bleeding, have already been evaluated. In
2013, the Moderate Pulmonary Embolism Treated
with Thrombolysis study(31) evaluated 121 patients
randomized to receive alteplase (50 mg, corresponding
to 50% of the usual dose) plus heparin, in comparison
with patients receiving anticoagulation only. The
reduced dose of the thrombolytic agent was found to
be safe (no episodes of severe bleeding) and to reduce
pulmonary artery pressure, not only acutely but also
at six months after the initial event. However, that
approach (using a reduced dose of a thrombolytic agent),
albeit promising, cannot be routinely recommended
until larger studies, with more robust outcomes, have
been conducted.
ENDOVASCULAR APPROACH
Some patients with APTE and hemodynamic instability
have an absolute contraindication to the administration
of systemic ﬁbrinolytic agents; for example, patients
in the immediate postoperative period. In those
situations, the endovascular approach to APTE is an
alternative.(32) The objective of this approach is to
promote mechanical removal of the clot, reducing the
RV afterload. In general, the vascular access for this
procedure is via the femoral vein.
Important studies in the ﬁeld of APTE have been
carried out in recent years. One study evaluated 59
patients with intermediate-high-risk APTE randomized
for conventional heparinization or ultrasound-assisted
catheter-directed thrombolysis. (33) The catheter
fragments the thrombus by ultrasound vibration (Figure
2), exposing more clot surface, thus enabling better
action of the ﬁbrinolytic agent at a lower dose (in that
study, 10-20 mg of alteplase, over 15 h). With the
endovascular approach, there was an improvement
in the relationship between the areas of the RV and
LV, indicating acute hemodynamic improvement.
However, when patients were evaluated at the end of
the study (90 days), there was no difference in terms
of mortality. There was no signiﬁcant bleeding with
any of the approaches.
Ultrasound-assisted catheter-directed thrombolysis
was evaluated in another study,(34) involving 150 patients
with high-risk APTE (n = 31) or intermediate-highrisk APTE (n = 119). The ﬁbrinolytic agent used was
alteplase, which was administered at a dose of 24 mg,
1 mg/h, for 24 h with the use of unilateral catheters
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or for 12 h with the use of bilateral catheters. There
was no control group in that study. The endovascular
approach was effective in reducing the pulmonary
artery pressure (51.4 mmHg vs. 36.9 mmHg; p <
0.0001) and improving the relationship between the
areas of the RV and LV (1.55 vs. 1.13; p < 0.0001),
48 h after the acute event. In 10% of the patients,
there was some type of moderate bleeding, although
there was no intracranial bleeding.
A case series evaluating the combination of
pharmacomechanical thrombolysis with a low-dose
local ﬁbrinolytic agent, published in 2015,(35) involved
101 patients with intermediate-high-risk APTE (n
= 73) or high-risk APTE (n = 28). Reperfusion was
considered successful in 85.7% of the high-risk APTE
cases and in 97.3% of the intermediate-high-risk APTE
cases. The mean pulmonary artery pressure decreased
from 51.17 ± 14.06 to 37.23 ± 15.81 mmHg (p <
0.0001). (35) None of the patients evolved to major
bleeding or intracranial bleeding.
Although evidence suggests some hemodynamic
beneﬁt of the vascular approach, current evidence
does not justify its large-scale use in APTE. This
approach should still be considered only for selected
cases, at centers with expertise in this type of
intervention. However, centers continue to gain
A

B

Figure 2. Catheter (in A) and Ekosonic Endovascular System
(EKOS®; BTG Interventional Medicine, Bothell, WA, USA)
device (in B) for endovascular reperfusion in acute pulmonary
thromboembolism. The internal part of the catheter emits
an ultrasonic pulse, vibrating and making the ﬁbrin of the
clot more porous, allowing the thrombus to be permeated
by the ﬁbrinolytic agent administered concomitantly at a
low dose (images provided by the manufacturer).

experience, data of procedure records, such as those
from the abovementioned study,(35) are increasingly
more available, and ongoing randomized trials should
endorse the dissemination of this type of procedure
in the near future.
SURGICAL EMBOLECTOMY
The surgical alternative, with the mechanical removal
of the clot, reduction of the PVR, and recovery of the
RV function, is another possible approach to high-risk
APTE. In general, surgery is recommended when
systemic thrombolysis is contraindicated and the
center does not have the necessary infrastructure to
apply the endovascular approach. Embolectomy is a
major surgery, performed by median sternotomy, with
extracorporeal circulation and deep hypothermia.(36)
The surgery produces the best results when the
thrombus causing the hemodynamic instability has a
central location and can therefore be removed more
effectively. Consequently, the use of transesophageal
echocardiography is recommended in order to locate the
appropriate thrombus.(37) The initial results of surgical
embolectomy in APTE were very unsatisfactory, with
high mortality rates, which in a certain way stigmatized
the surgery. However, with the improvement of the
surgical technique, of the knowledge of extracorporeal
circulation, and of intensive care practices, together
with the increase in experience at referral centers,
signiﬁcantly better results have been obtained.
In 2013, Aymard et al.(38) retrospectively evaluated
80 consecutive patients with high-risk APTE who were
subjected to reperfusion via embolectomy (35%) or
systemic ﬁbrinolytic agent administration (65%) at a
single center in Bern, Switzerland.(38) Of the patients
who received the ﬁbrinolytic agent, 21% required
rescue embolectomy, because of persistent shock.
Early mortality did not differ signiﬁcantly between
the embolectomy and thrombolysis groups (3.6% vs.
13.5%; p = 0.25). Early mortality was signiﬁcantly
higher in the thrombolysis group patients who underwent
rescue embolectomy (26.5%, p = 0.02). The rates of
severe bleeding after treatment were signiﬁcantly higher
in the thrombolysis group than in the embolectomy
group (26.5% vs. 3.6%, p = 0.013). In the long-term
follow-up (63 ± 21 months), the mortality rate was
similar in both groups (17.9% in the embolectomy
group vs. 23.1% in the thrombolysis group, p = 0.6).
Another relevant study in this ﬁeld, published
in 2017, was conducted by Lehnert et al.(39) In a
prospective cohort study, the authors evaluated 136
patients with APTE (64 with high-risk APTE and 72 with
intermediate-high-risk APTE), treated with surgical
embolectomy or systemic thrombolysis at a single
center in Copenhagen, Denmark. In the high-risk
group, there was no statistical difference between
those treated with embolectomy and those treated
with thrombolysis in terms of 30-day mortality (14%
vs. 31%; p = 0.16) or ﬁve-year mortality (32% vs.
49%; p = 0.53). Similar results were found in the
J Bras Pneumol. 2018;44(3):237-243
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intermediate-high-risk group, with no difference
between the two treatments. Secondary vascular
outcomes, such as the extent of perfusion defect in
lung scintigraphy and the reduction in diffusion, were
evaluated, suggesting a smaller quantity of residual
thrombus in the embolectomy group.
The studies cited above have shown reasonable
results, given the severity of patients with PTE and
hemodynamic instability, with an early mortality rate
of 3.6%, underscoring the role of embolectomy in
the treatment of this condition, especially at centers
with experience in this type of surgery. We emphasize
that the worst result occurred in the patients who
underwent surgery because of refractory shock after
administration of the thrombolytic agent. Therefore,
if embolectomy can be performed, perhaps it should
be an early option, rather than a rescue measure.
FINAL CONSIDERATIONS
APTE is a highly prevalent condition and is potentially
fatal. Approximately 20% of patients with APTE

are hypotensive, being considered at high risk of
death. In such patients, immediate lung reperfusion
is necessary in order to reduce RV afterload and to
restore hemodynamic stability. Reperfusion can be
performed in various ways (Figure 3): via the use of
systemic thrombolytic agents (the most widely used
method); with endovascular treatment (a method that
is increasingly more widely used); or with surgical
embolectomy (the most complex strategy; Figure 3). For
the population of patients with intermediate-high-risk
APTE (who maintain arterial pressure but show signs
of RV injury, as well as radiological and biochemical
signs), the beneﬁt of reperfusion with thrombolytic
agents is limited in the short term, whereas it is
nonexistent in the long term, and there is a signiﬁcant
rate of intracranial bleeding. In order to deﬁne the best
individualized approach and to improve the evaluation
of the risk/beneﬁt ratio of reperfusion therapies versus
the risks of bleeding, some institutions have opted for
the model of multidisciplinary, rapid-response teams,
with encouraging results.

Acute pulmonary embolism

Risk stratification

High risk (SAP < 90 mmHg)

Intermediate-high risk (sPESI and
Echo with RV dysf and Trop/BNP +)

Anticoagulation, reperfusion
may be considered

Intermediate-low
risk or low risk

Anticoagulation only

Systemic fibrinolytic agent (full dose, Table 2)
Reperfusion

or
Systemic fibrinolytic agent (1/2 dose, alteplase)

-

Consider multidisciplinary evaluation
Evaluation of the risk of bleeding
Experience of the center
Speed of implementation

or
Endovascular approach (mechanic and/or
low-dose fibrinolytic agent)
or

Surgery (possible as rescue treatment but produces best results
when indicated before systemic fibrinolytic agent)

Figure 3. Management algorithm for reperfusion in acute pulmonary embolism. SAP: systemic arterial pressure; sPESI:
simpliﬁed Pulmonary Embolism Severity Index; Echo: echocardiogram; RV dysf: right ventricular dysfunction; Trop:
troponin, BNP: brain natriuretic peptide; and eval: evaluation..
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