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Massive pulmonary embolus (PE), defined as hemodynamic shock from acute PE, is a
life-threatening condition. Deaths from massive PE, especially when unsuspected,
occur within minutes to hours of onset and as such prompt intervention can be
lifesaving. Acute massive PE patients have traditionally been candidates for treatment
with intravenous systemic thrombolysis to improve pulmonary artery pressure,
arteriovenous oxygenation, and pulmonary perfusion in an effort to reduce mortality.
However, patients with contraindications to systemic thrombolysis or those who have
failed thrombolysis may benefit from other techniques including endovascular and
surgical embolectomy. This article will review the current medical management as well
as catheter-directed therapies and surgical embolectomy in the treatment of patients

embolectomy
= interventional
radiology

with massive PE.

Objectives: Upon completion of this article, the reader will
be able to differentiate the treatment options for acute
massive pulmonary embolus, consisting of systemic throm-
bolysis, catheter-directed pharmacological and mechanical
thrombolysis, and surgical embolectomy, including their
technical and clinical considerations.

Accreditation: This activity has been planned and imple-
mented in accordance with the accreditation requirements
and policies of the Accreditation Council for Continuing Med-
ical Education (ACCME) through the joint providership of Tufts
University School of Medicine (TUSM) and Thieme Medical
Publishers, New York. TUSM is accredited by the ACCME to
provide continuing medical education for physicians.

Credit: Tufts University School of Medicine designates
this journal-based CME activity for a maximum of 1 AMA
PRA Category 1 Credit™. Physicians should claim only the
credit commensurate with the extent of their participation in
the activity.

Issue Theme Pulmonary Embolism;
Guest Editors, Ronald Winokur, MD and
David C. Madoff, MD

Pulmonary embolus (PE) is a morbid and often fatal
disease that contributes to 200,000 to 300,000 hospitaliza-
tions a year in the United States.! The 1-month mortality rate
is up to 12% for all patients with PE, which increases to ~31%
in those with hemodynamic compromise.>> One-third of
patients with venous thromboembolism (VTE), which has an
incidence of ~1 per 1,000 persons each year in the
United States, present with manifestations of PE.3 Silent, or
asymptomatic, PE may also be present in up to 51% of
patients with clinically suspected VTE,* which could rapidly
escalate to cardiopulmonary decompensation and sudden
death.

Pulmonary Embolus Severity Stratification

PE severity is commonly stratified into three categories
based on clinical, biochemical, and radiologic data: low
risk, submassive (intermediate risk), and massive (high
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risk). Low-risk PE patients present without any cardiac or
hemodynamic compromise and is typically identified
with radiologic imaging alone. Submassive PE is defined by
imaging (echocardiogram or CT) and/or cardiac biomarker
(troponins, B-type natriuretic peptide (BNP)) proven right
ventricular (RV) dysfunction, in an otherwise normotensive
patient. Massive PE comprises patients with cardiopulmon-
ary failure and/or hemodynamic compromise, which often
requires pressor or respiratory support. The preferred initial
treatment for all patients is therapeutic anticoagulation,
which is usually sufficient for low-risk patients. In the event
that there is a contraindication to anticoagulation, low-risk
patients may instead be treated with IVC filter placement as a
temporizing measure until they are amenable to treatment
with anticoagulation or there is no longer a significant risk
for PE. Patients with submassive PE have a variety of treat-
ment options available, all of which aim to decrease RV
overload to prevent cardiopulmonary decompensation.
These include systemic thrombolysis, catheter-directed
thrombolysis (CDT), percutaneous mechanical or pharma-
comechanical intervention, and surgical embolectomy.
Finally, the gold standard treatment for massive PE has
traditionally been systemic thrombolysis; however, this is
associated with a significant increase in risk of major and
intracranial bleeding,” which may make one of the preceding
treatment options more preferable in certain scenarios.

Massive Pulmonary Embolus

Massive PE is defined as acute PE in the setting of sustained
hypotension (systolic blood pressure < 90 mm Hg for at
least 15 minutes or requiring inotropic support), pulseless-
ness, or persistent profound bradycardia (heart rate < 40
bpm with sign or symptoms of shock).® Clinical symptoms
that may suggest hypotension include syncope, dizziness,
diaphoresis, and anxiety. The patient may also be hypoxic
and present with dyspnea, chest pain, or nausea; the latter of
which may suggest hepatic congestion secondary to right
heart failure. Patients typically present with shock and
possibly pulmonary arrest and are either in or on their
way to the intensive care unit on vasopressor and/or respira-
tory support. Despite progress in intensive care management
and technical advancements in device therapy, overall mor-
tality rate associated with massive PE remains at ~30%.”~°
Although frequently required for ventilation support, intu-
bation should be deferred if possible, as it may elevate
pulmonary artery pressure and exacerbate heart strain.'°
Parenteral systemic thrombolysis is a particularly attractive
option for these patients, as it offers a quick and effective
solution for resolving acute clot. Alternative options such as
surgical or endovascular intervention may not be immedi-
ately available or the patient may be too unstable for trans-
port. Prompt thrombolytic administration is optimal, as it
maximizes exposure to fresh dissolvable clot. It is also
important to treat before increased heart strain leads to
cardiac arrest, as poor circulation may limit the effectiveness
of intravenous therapy. Regardless of the patient’s risk
stratification, barring a contraindication to anticoagulation
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the patient should immediately be placed on therapeutic
unfractionated heparin drip until further intervention can be
performed. The American Heart Association (AHA) does not
routinely recommend coadministration of heparin with
thrombolytics;® however, there have been no randomized
trials comparing concurrent anticoagulation and thrombo-
lysis versus holding anticoagulation during thrombolysis.
Heparin is normally resumed without bolus after thrombo-
lysis treatment has ended.

Systemic Thrombolysis

Systemic thrombolysis is generally administered as an intra-
venous 100 mg alteplase infusion over 2 hours."'2 Older
agents, including streptokinase and urokinase, are rarely
used now due to 12- to 24-hour infusion times. Tenecteplase
is frequently used in Europe, and indeed is the agent admi-
nistered in many notable trials of systemic thrombolytic
therapy (e.g., PEITHO'3); however, it has not been approved
for acute PE by the FDA in the United States. Thrombolytics
provide the greatest benefit if they are administered within
48 hours of symptom onset.'? A summary of the key clinical
trials of systemic thrombolysis in PE is provided in »Table 1.
In a recent meta-analysis which included 16 randomized
clinical trials comprising 2,115 patients presenting with PE,
the use of systemic thrombolytics was found to be associated
with lower all-cause mortality compared with anticoagu-
lants (2.17 vs. 3.89%, respectively); however, there was an
increased risk of major bleeding (9.24 vs. 3.42%) and intra-
cranial hemorrhage (1.46 vs. 0.19%)."* A complete patient
history must be reviewed prior to the initiation of therapy.
Absolute contraindications include a history of prior hemor-
rhagic stroke or ischemic stroke within 6 months, central
nervous system neoplasm, gastrointestinal bleeding within
1 month or any known active bleeding, or major trauma or
surgery within 3 weeks.'> Low-dose alteplase (50 mg rather
than 100 mg) for massive PE may be as effective as the
standard dose, with fewer major bleeding events,'® and
could be considered a favorable treatment option in the
elderly or frail patient population or those with relative
contraindications to thrombolysis. A patient who decom-
pensates into cardiac arrest may no longer have the circula-
tory support to deliver the thrombolytics to the pulmonary
arteries. However, despite the low chance of efficacy, the
benefit-to-risk ratio of thrombolysis may still be favorable in
these critically unstable patients.'” In patients with immi-
nent or active cardiac arrest, a bolus infusion of alteplase
over 2 minutes showed favorable outcomes compared with
the standard 2-hour infusion, without associated increased
bleeding risk.'® In the event of a major bleed, all antic-
oagulation and thrombolytic agents should be discontinued
and consultation to neurology/neurosurgery obtained in the
event of an intracranial hemorrhage. Protamine sulfate and
cryoprecipitate can be used to counteract the effects of
anticoagulaltion.19 Intravenous tranexamic acid (TXA; 10
mg/kg three to four times daily?°) has been used to decrease
hematoma expansion in patients with traumatic intracranial
hemorrhage, with fewer deaths in patients who received TXA
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compared with those receiving placebo.?' Although no trials
exist of TXA use in alteplase-induced intracranial hemor-
rhage, there are case reports of its effective use in reducing
hematoma expansion.?” Best supportive measures to pre-
vent shock in the event of a major bleed include volume
resuscitation, manual pressure, and possibly intervention
including embolization or surgery.

Catheter-Directed Pharmacological and
Mechanical Thrombolysis

Endovascular techniques to recanalize complete and partial
occlusions of the pulmonary arteries are potentially life-
saving in selected patients with acute massive PE.>>3 The
2011 AHA guidelines® recommend either CDT or surgical
embolectomy in patients with massive PE with contraindica-
tions to fibrinolysis or patients who remain unstable after
receiving fibrinolysis (Class Ila, Level of Evidence C). More
recently, the American College of Chest Physicians 2016
guidelines®* recommend the use of CDT in massive PE in
patients with (1) a high bleeding risk, (2) failed systemic
thrombolysis, or (3) shock that is likely to cause death before
systemic thrombolysis can take effect (e.g., within hours), if
local expertise is available (Grade 2C). However, there is
some debate that CDT can also be used as first-line therapy
for massive PE.2> CDT can include infusion of thrombolytics,
rheolytic, mechanical, and/or aspiration thrombectomy.
Conventionally, CDT is performed with a multi-sidehole
infusion catheter that is inserted across the clot to maximize
the surface area treated by thrombolytics, to obtain vascular
channels through the affected pulmonary arteries. Newer
devices utilizing embedded ultrasound transducers in the
catheter (EKOS, BTG) purportedly increase diffusion of the
thrombolytic into the thrombus.?® Typically, 0.5 to 1 mg/
hour alteplase is infused via the catheter for 24 hours with
periodic fibrinogen and hemoglobin checks to prevent or
rule out hemorrhage. Bilateral pulmonary artery angiogra-
phy and main pulmonary artery pressure are frequently
obtained before and after treatment to evaluate extent and
severity of clot burden as well as response to therapy. After
24 hours, the patient may return to the angiography suite
and follow-up mechanical or aspiration thrombectomy may
be performed on residual thrombus, although several CDT
protocols allow for catheter removal in an ICU setting.
Devices for suction thrombectomy include small caliber
catheters, such as the Indigo (Penumbra; =Fig. 1) and larger
caliber catheters, such as the AngioVac Aspiration catheter
(Angiodynamics; =Fig. 2). The AngioVac device allows for
increased suction capacity and venovenous recirculation,
and is of particular importance where massive PE is accom-
panied by right heart clot in transit. It should be noted,
however, that severe complications such as right ventricular
free wall perforation®’ have been reported.'® Rheolytic throm-
bectomy with the AngioJet (Boston Scientific) device uses the
Bernoulli principle to break apart thrombus and has been used
in the setting of massive PE;?>?® however, procedural-related
complications including bradyarrhythmias and deaths?-30
have been reported using this device in the pulmonary arteries
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Fig. 1 Small caliber suction thrombectomy catheter (black arrow),
the Indigo (Penumbra Inc.) within the left pulmonary artery in a
patient with acute massive PE.

prompting the FDA to issue a black box warning. Mechanical
thrombectomy may also be performed with a variety of other
devices that include the Cleaner (Argon Medical Devices),
Aspirex (Straub Medical), Helix Clot Buster (ev3), and
FlowTriever (Inari Medical; =Fig. 3), all of which use various
techniques to disrupt and/or aspirate thrombus. If the risk for
thrombolysis is too high, mechanical and aspiration throm-
bectomy may be performed alone without prior thrombolytic
infusion. There is evidence that this may lead to a significant

Fig. 2 Large caliber suction thrombectomy catheter (white arrow),
the AngioVac (Angiodynamics) aspiration cannula, within left pul-
monary artery in a patient with acute massive PE with contraindica-
tions to systemic thrombolysis.
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Fig. 3 (a) Initial pulmonary angiogram in a patient with acute massive PE and contraindications to systemic thrombolysis demonstrating
extensive thrombus in the right pulmonary artery (white arrow). (b) Mechanical thrombectomy device (white arrow), the FlowTreiver (Inari
Medical), has been deployed across the site of thrombus prior to removal. (c) Postthrombectomy pulmonary angiogram demonstrates marked
improved perfusion of the right pulmonary artery (white arrow). Compare with =Fig. 3a.

reduction in right heart strain without the associated bleeding
risk of thrombolysis.3! Often the decision of which catheter-
directed approach is employed relies on a multitude of factors
including local technical capabilities and the clinical picture of
the patient.

Surgical Embolectomy

Another option for patients with massive central PE and
contraindication or failure to respond to fibrinolysis includes
surgical pulmonary embolectomy. Studies have demon-
strated improved response to second-line surgical embolect-
omy rather than repeat systemic or catheter-directed
thrombolysis.>? For clot-in-transit within the right heart,
the threat of rapid hemodynamic deterioration may neces-
sitate acute surgical intervention particularly when CDT by a

interventionalist is not immediately available, or when an
underlying right-to-left shunt is present and can be treated
surgically.>3 Cardiopulmonary bypass is often achieved prior
to surgical resection; however, the procedure can be per-
formed off bypass, with normothermia, and without aortic
cross-clamping or cardioplegic or fibrillatory arrest. Unfor-
tunately, despite the efficacy of the procedure, there is a high
rate of PE recurrence postsurgically which contributes to a
high mortality risk due to returned strain on an already
overloaded right heart. This threat is diminished with pre-
procedural IVC filter placement.>* Other complications
include postoperative bleeding with or without cardiac
tamponade and sternal wound infection.>® Recent data sup-
port first-line surgical embolectomy for massive PE as an
alternative to systemic fibrinolysis; however, this necessi-
tates the availability of an on-call cardiothoracic surgery
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team at all times.>® The 2011 AHA guidelines® for surgical
embolectomy included patients with massive PE and contra-
indications to fibrinolysis or patients who remain unstable
after receiving fibrinolysis, and states that the decision to
proceed with CDT versus surgical embolectomy requires
interdisciplinary teamwork, discussion that involves the
surgeon and interventionalist, and an assessment of the local
expertise.

Conclusion

Massive PE is a life-threatening disease with a high mortality.
Prompt treatment is essential to save lives. In the absence of
any contraindication, patients with massive PE should be
immediately treated with full-dose intravenous systemic
thrombolysis. The subset of patients who fail systemic
thrombolysis with ongoing hemodynamic compromise or
those with contraindications may be candidates for various
catheter-directed therapies or surgical embolectomy. The
decision algorithm within this subset of patients is complex
and may be aided by a multidisciplinary team-based
approach and may depend on local expertise.
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