Pulmonary embolism (PE) is the
third-leading cause of cardiovascular
death in the United States, with an
annual mortality of approximately
100,000 people per year.! While anti-
coagulation is the primary treatment
for acute pulmonary embolism, addi-
tional reperfusion strategies exist,
including systemic thrombolysis,
surgical embolectomy, extracorpo-
real membrane oxygenation (ECMO)
and catheter-directed therapies.

Owing to variations in major pro-
fessional society recommendations
and a lack of data from robust clinical
trials, the optimal management for PE
remains a topic of debate.?® As such,
the pulmonary embolism response
team (PERT) concept was created in re-
sponse to rapid advances in therapeu-
tic options and increasing recognition
of the complexity involved in the man-
agement of patients afflicted by PE.

The ultimate goal of the PERT is
to mobilize rapid medical decision
making to improve morbidity and
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mortality associated with interme-
diate- and high-risk PE. The goal of
this paper is to provide a narrative
review of the pulmonary embolism
response process, provide an over-
view of state-of-the-art PE care, and
to highlight the critical role of the
radiologist (diagnostic and interven-
tional) in PERT.

How the PERT Works

The goal of a PERT is to facilitate
rapid, multidisciplinary medical
decision making for highly complex
and time-sensitive clinical scenari-
os. The structure of the multidisci-
plinary PERT varies by institution
but can include participants from
emergency medicine, pulmonary/
critical care medicine, cardiology,
vascular medicine, hematology, diag-
nostic and interventional radiology,
vascular surgery, cardiac surgery,
and pharmacy. Figure 1 depicts how
a PERT activation works at our insti-
tution. The PERT system is activated
either by calling or paging the PERT
on-call member, who then obtains
relevant information and coordinates
the multidisciplinary discussion.
This allows patients with high-risk
and select intermediate-risk PEs to
receive expedited treatment.
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Patient Evaluation

The acute clinical presentation of
PE can vary widely. Common signs
and symptoms include dyspnea,
pleuritic chest pain, tachycardia,
presyncope, and hemoptysis. Given
their ambiguous nature, risk stratifi-
cation scoring models such as Wells
Criteria, the pulmonary embolism
rule-out criteria (PERC) rule, or the
Geneva score are used to help derive
the pretest probability of a PE in
patients presenting in the outpatient
emergent setting.” These scoring
models, along with the use of the
d-dimer test, establish the need for
further radiographic testing.

Imaging and Risk Stratification

With sensitivity of 83% and
specificity of 95% as reported in the
PIOPED II study, computed tomogra-
phy pulmonary angiography (CTPA)
is the imaging modality of choice in
diagnosing acute PE.® Findings will
include either occlusive or nonoc-
clusive filling defects in the central,
lobar, segmental, and/or sub-seg-
mental pulmonary artery branches,
depending on the quality of the study.
CTPA can determine whether a clot
is acute or chronic and oftentimes is
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Figure 1. A depiction of PERT activation.
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able to identify right ventricular (RV)
dysfunction (discussed below). Acute
clots will often form acute angles
with the arterial wall, and the arterial
branch may be enlarged compared
to patent vessels.® Additionally, CTPA
will also be able to detect alternative
diagnoses other than acute PE, if
present. In patients with poor renal
function or allergies to iodinated
contrast, ventilation/perfusion (V/Q)
imaging may be performed. Modi-
fied PIOPED II criteria specify one
of three interpretations: PE present,
nondiagnostic, or negative. PE is
diagnosed when two or more large,
mismatched segmental perfusion de-
fects are present. A normal perfusion
scan can exclude PE.®

Once a PE is confirmed on imag-
ing, patients are risk-stratified to
identify the probability of early mor-
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tality and to determine appropriate
treatment. Right ventricular failure
is the primary cause of short-term
death in acute PE. Imaging findings
of right heart dysfunction (often
denoted “right heart strain”) include
flattening or paradoxical bowing

of the intraventricular septum,

right ventricular enlargement, and
contrast reflux into the inferior vena
cava and hepatic veins.' Right ven-
tricular enlargement is defined by a
ratio of RV diameter to LV diameter
greater than 0.9." The RV/LV ratio
can be measured on axial images or
multiplanar reconstruction imag-

es in the four-chamber axial view.
Measurements should be made from
endocardial margins, including
papillary and trabecular muscles.!?
Performed correctly, the different
measurement techniques have not

shown significant differences in pre-
dicting 30-day mortality from acute
PE. Figures 2 and 3 depict normal
and abnormal RV/LV ratios. However,
a CT finding of right heart enlarge-
ment has been shown to predict
early death (at 30 days) in patients
presenting with acute PE.1?

Clinical markers of poor RV
health, including tachycardia, hypo-
tension, tachypnea, and hypoxemia,
are incorporated into clinically
validated scoring systems such as the
PE Severity Index (PESI) to predict
30-day mortality.’ The European
Society of Cardiology (ESC) has
used the PESI score in combination
with cardiac biomarkers (troponin,
B-type natriuretic peptide [BNP],
lactate, and creatine) and advanced
cardiac imaging (echocardiography)
to provide a unified stratification sys-
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REVIEW

Figure 2. Normal RV/LV ratio
measuring 0.73.
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Figure 3. (A) Nearly occlusive right pulmonary artery filling defect (arrow). (B) CT findings of right-heart strain, including increased RV/LV ratio
measuring 1.23, with slight flattening of the intraventricular septum.
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tem that offers treatment options.2
According to the ESC model, any
patient who exhibits hemodynamic
instability is considered “high risk”
for early mortality. Hemodynamic in-
stability is defined by cardiac arrest,
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persistent systolic blood pressure
less than 90 mmHg for greater than
15 minutes, use of vasopressors to
achieve a systolic blood pressure = 90
mmHg with evidence of end-organ
hypoperfusion, or a systolic blood

pressure drop = 40 mmHg from the
patient’s baseline. High-risk patients
are offered hemodynamic support
and considered for reperfusion
therapies as appropriate.’ Patients
who are otherwise hemodynamically
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Figure 4. An adult presents with acute intermediate high-risk pulmonary embolism. (A) CTPA demonstrates filling defects in the right lower-lobar
superior segmental artery and left lower-lobar and segmental arteries (arrows). (B) Right-heart strain demonstrated by elevated RV/LV ratio of 1.02.
(C) Right pulmonary angiogram demonstrates multifocal filling defects, including abrupt cutoff of the right upper-lobar artery (arrow). (D) Left lower
pulmonary angiogram demonstrates decreased perfusion to the left lower lobe (arrowhead). (E) Placement of bilateral Bashir endovascular catheters
(Thrombolex, New Britain, PA) for overnight tPA infusion. (F,G) Repeat CTPA on post-procedure day 2 demonstrates improved thrombus burden in the
bilateral central pulmonary arteries (arrows). Normalized RV/LV ratio measures 0.74.
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stable are stratified into the low-risk
or intermediate-risk categories.?

Patient Management

Anticoagulation is the mainstay of
acute PE therapy. Initial preference
for anticoagulation is highlighted
using low-molecular weight hep-
arin (LMWH) or fondaparinux,
owing to improved 30-day mortality,
decreased risk of hemorrhage, and
decreased recurrence of thrombot-
ic events. Unfractionated heparin
remains an option in patients with
contraindications to LMWH. 6%

Whether a patient receives
advanced therapies in addition to
anticoagulation depends on their
risk stratification. High-risk patients
should receive appropriate hemo-
dynamic and respiratory support
and be considered for reperfusion
therapies such as systemic throm-
bolysis, catheter-directed treatment,
and surgical embolectomy.

Systemic thrombolysis involves
the administration of recombinant
tissue-type plasminogen activator
(rtPA) to improve pulmonary artery
obstruction, pulmonary artery
pressure, and pulmonary vascular
resistance. rtPA use in high-risk PE
patients is associated with improved
mortality.’®!” Absolute contraindi-
cations to systemic thrombolysis in-
clude history of hemorrhagic stroke,
recent ischemic stroke, intracranial
neoplasm, recent major trauma, and
active bleeding. Relative contraindi-
cations to systemic lysis include hy-
pertension (systolic BP > 180 mmHg),
recent non-intracranial bleeding,
recent surgery/invasive procedures,
ischemic stroke > 3 months previ-
ous, or age > 75.

Appropriate hemodynamic and
respiratory support can include
high-flow oxygen, mechanical
ventilation, vasopressors, inotropes,
and mechanical circulatory sup-
port. Veno-arterial extracorporeal
membrane oxygenation (VA-ECMO)
is helpful in patients with circulatory
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collapse and/or cardiac arrest with
or without additional therapies.?
However, data from randomized
controlled trials is lacking to support
the efficacy and safety of general
ECMO use.’>#

A consensus statement from the
PERT Consortium suggests surgical
embolectomy in high-risk patients
with contraindications to, or failure
of, systemic or catheter directed
thrombolysis or thrombectomy. A
similar recommendation is suggest-
ed for intermediate-risk patients
with significant comorbidities that
could lead to clinical deterioration.?
Right-heart thrombi and throm-
bus-in-transit are other scenarios
where surgical embolectomy may
be considered as first-line therapy.*
Perioperative mortality in the past
could be as high as 11%, but with
improved patient selection and sur-
gical techniques, mortality has fallen
significantly.

The goals of interventional thera-
pies in patients considered inter-
mediate risk or high risk for early
mortality are to avoid hemodynamic
collapse and expedite symptom
resolution. The risks and benefits
of thrombolysis are more closely
considered in intermediate-risk PE
and counterbalanced by untoward
outcomes. A variety of endovascular
methods can be used to treat acute
PE; they include catheter-direct-
ed thrombolysis, aspiration and
mechanical thrombectomy, and a
combination of interventions.

Several single-arm studies of spe-
cific devices have shown a reduction
in RV/LV ratio at 24 and 48 hours,
which is considered a surrogate
endpoint. * High-quality random-
ized data showing a reduction in
mortality and progression of disease
to chronic thromboembolic dis-
ease is lacking.

An early randomized study of CDT
versus unfractionated heparin (n=59)
found a significant reduction in RV/

LV ratio at 24 hours in the CDT group.

Ninety-day RV/LV ratio was also

better in the CDT group, although
not significant.”” A meta-analysis

of ultrasound-assisted CDT for PE
found a reduction in pulmonary
artery systolic pressure, RV/LV ratio,
and an improvement in the cardiac
index in over 2,000 patients.” Multi-
disciplinary PERT teams are helpful
in weighing the risks and benefits of
each treatment.

The Radiologist’s Role on
the PERT

Diagnostic radiologists are truly
the gatekeepers of advanced PE
interventions and other treatment
modalities. Their appropriate and
prompt identification of acute PE
and additional parameters such as
right-heart strain can lead to the
administration of all appropriate
interventions in a timely manner, as
discussed in the “Risk Stratification”
section. We have found that consis-
tently including the RV/ LV ratio on
CTPA and writing “consider paging
PERT” on the report is very helpful
for prompt treatment plan discussion
by the PERT.* Given the advances in
and increased use of endovascular
catheter-based interventions, the
role of interventional specialists
is also paramount in managing
patients with PE.

Conclusion

Historically, the management
of patients with acute pulmonary
embolism, especially those at inter-
mediate-high risk, has been haphaz-
ard, resulting in delay of potentially
life-saving PERT programs have been
shown to improve survival and other
clinically relevant outcomes. *** To
achieve improved outcomes, a team-
based approach involving clinicians
from the initial patient encounter
(emergency physicians), consultants
(vascular medicine, hematologists, and
critical care physicians), diagnostic
and interventionalist radiologists, and
cardiothoracic surgeons, is required at
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times. Developing these programs can
streamline patient care and result in
better outcomes in PE patients at high
risk for early mortality.
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