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Objectives: Upon completion of this article, the reader
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management of pulmonary embolism, and the technical
considerations of using catheter-directed therapy in this
patient population.
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Pulmonary embolism (PE) and deep vein thrombosis are
two elements of the same pathophysiologic process referred
to as venous thromboembolism.1 PE occurs when a thrombus
migrates from a deep vein to the pulmonary arteries.2 Al-
though the true incidence of PE is not known, it is estimated
that 530,000 cases of PE occur annually in theUnited States.3,4

Clinical presentation varies from asymptomatic (incidentally
diagnosed) to fatal.5 Development of symptoms depends on

the embolic burden and the severity of any underlying
cardiopulmonary disease.6 The initial PE event has an associ-
ated mortality rate of 10%.5,6 The diagnosis of PE is never
made in �70% of those who survive the initial event; the
mortality rate in such individuals is �30%.5,6

There are several treatment options available for patients
diagnosed with PE. The mainstay of treatment is anticoagu-
lation, but given the high mortality associated with some
presentations of symptomatic PE, some individuals advocate
more aggressive therapy.6 In this article we discuss such
therapies and their potential and appropriate use.

Management

Making a diagnosis of PE can sometimes be challenging.5

However, once a diagnosis of PE is made, patients should
receive appropriate treatment without delay. The treatment
should be tailored to the individual patient and his or her
clinical condition. This can be achieved by risk stratification
and an associated escalation of the degree of aggressiveness
of treatment. The following are some of the therapeutic
options that are available for use.
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Abstract Pulmonary embolism (PE) and deep vein thrombosis are two elements of the same
pathophysiological process referred to as venous thromboembolism. PE occurs when a
thrombus migrates from a deep vein to the pulmonary arteries. Although the true
incidence of PE is not known, it is estimated that 530,000 cases of PE occur annually in
the United States. Clinical presentation varies from asymptomatic (incidentally diag-
nosed) to fatal. Development of symptoms depends on the embolic burden and the
severity of any underlying cardiopulmonary disease. Several treatment options are
available for patients diagnosed with PE. The mainstay of treatment is anticoagulation,
but given the high mortality associated with some presentations of symptomatic PE,
some advocate more aggressive therapy. In this article we discuss such therapies and
their potential and appropriate use.
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Anticoagulation
Themainstay of PE treatment is systemic anticoagulation.2,6,7

This should be initiated immediately after the diagnosis of PE
is made, but caution should be taken to ensure that the
patient does not have a contraindication to anticoagulation.8

The use of systemic anticoagulation alone is typically suitable
for patients who are hemodynamically stable.7 The use of
systemic heparin prevents propagation of thrombus and
reduces the risk of recurrent fatal PE,2,8 and the use of
unfractionated or low molecular weight heparin may be
used.2,6,7 Heparin reduces mortality related to PE from 30%
if untreated to 8%.2,9–13 Initiation of oral anticoagulationwith
warfarin should be made in conjunction with parenteral
anticoagulation to allow for overlap between the two forms
of anticoagulation, at least until the anticoagulant effect of the
oral medication is within the therapeutic range. This process
is termed bridging.2

Limitations for the use of heparin are heparin-induced
thrombocytopenia (HIT) and contraindication to anticoagu-
lation. Alternative parenteral anticoagulation medications
such as argatroban or lepirudin are available for use in
patients with HIT. However, patients who are not suitable
candidates for any form of anticoagulation are more chal-
lenging to treat.

Inferior Vena Cava Filter Placement
The routine use of inferior vena cava (IVC) filters in patients
with PE is not recommended by the American College of Chest
Physicians (ACCP).9 Patients who have failed anticoagulation
or have contraindications to anticoagulation are candidates
for IVC filter placement, and the Food and Drug Administra-
tion (FDA) has approved use of IVC filters in such circum-
stances.2 Some investigators suggest that IVC filters decrease
the rate of recurrent PE but increase the rate of DVT, with no
significant impact on the mortality rate.2

In both massive and submassive PE, there is compromised
cardiopulmonary circulation. Submassive PE is characterized
by right ventricular dysfunction without systemic arterial
hypotension, whereas in massive PE there is associated
systemic hypotension and shock.14 Additional PE in a patient
with an already compromised cardiopulmonary circulation
may have dire consequences. Caval filtrationwith an IVC filter
may be a prudent measure to take in this patient population
because it likely decreases mortality in such compromised
patients.2 However, this remains an area of controversy with
no evidence-based data to substantiate their use. Retrievable
filters may play a key role until this debate is settled. They
have the appeal of being optional; they can potentially be
retrieved after the patient recovers from the acute episode or
left in place as a permanent filter.

Systemic Thrombolysis
The ACCP recommends the systemic infusion of thrombo-
lytics intravenously through a peripheral vein, administered
over a 2-hour period in patients with PE and hemodynamic
compromise.2,10 Thrombolytic drugs have been shown to be
more effective at reducing the thrombus burden than sys-
temic anticoagulants alone.7 The use of thrombolytics in this

manner has a major bleeding risk of up to 20%, with intracra-
nial hemorrhage accounting for 3 to 5%.2,15,16Whether or not
systemic thrombolytic therapy has a positive effect on mor-
tality is still a subject for debate because some studies have
shown a positive effect compared with systemic anticoagu-
lation alone2,17,18 and some have shown no significant differ-
ence.2,19,20 These are nonrandomized studies, and the actual
effect has yet to be determined in a randomized study.2

Patients should be screened for appropriateness of throm-
bolytic therapy. One of the contraindications to the use of
thrombolytic drugs is an allergic reaction to such drugs. This
is more of a concern with streptokinase, where allergic
reactions have been reported in up to 26% of patients.7

Currently, the agent most commonly used is tissue-type
plasminogen activator (tPA), which carries a lower allergic
reaction risk than streptokinase. The use of thrombolytic
drugs in patients at high risk for bleeding is also contra-
indicated. Some of these conditions include an active bleed-
ing source, recent major surgery (within 10 days), recent
stroke (within 3months), andmetastatic disease to the brain.

Catheter-Directed Interventions
The use of catheter-directed interventions (CDIs) in the
treatment of PE is the next level of aggressive management
of this condition. There have been multiple reports about the
use of CDI in the treatment of PE, with varying results.5

Early Thrombus Removal in Pulmonary Embolism
The twomain problems that PE causes is mechanical obstruc-
tion of blood flow that results in decreased perfusion of the
lung. The obstruction component has implications on the
hemodynamics of pulmonary arterial flow. With significant
thromboembolism, there is an increase in pulmonary capil-
lary resistance resulting in a rapid rise in pulmonary arterial
pressures.7 A cascade of hemodynamic and respiratory
changes ensue, including vasoconstriction, pulmonary arte-
rial hypertension, right heart failure, decreased cardiac out-
put, bronchoconstriction, increased dead space, and a
decrease in pulmonary surfactant levels.7

The main predictor of mortality associated with PE is right
ventricular failure.21 The rapid removal of thrombus restores
blood flow to the pulmonary circulation, with subsequent
improvement in the strain on the right heart.

Stand-Alone Catheter-Directed Pharmacological
Thrombolysis
Catheter-directed thrombolysis is delivery of the thrombo-
lytic drug through a catheter placed selectively within the
thrombus.22 The delivery of the drug through a catheter
placed proximal to the clot in the main pulmonary artery
has not been shown to have any advantage over peripheral
administration of the drug.7,23 Delivery of the drug directly
into the thrombus has the advantage of increasing the surface
area of thrombus subjected to the drug, thereby improving
efficacy of thrombolysis and using smaller doses of the drug.7

Additionally, because tPA needs thrombus-bound plasmino-
gen to activate plasmin, placing the catheter directly into the
thrombus improves this effect.
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The choice of drug varies by availability and operator
preference; currently the drug used most frequently is tPA.
Infusion of the thrombolytic drug is continued for 12 to 24
hours. During this time, the patient is maintained on anti-
coagulation (full or partial, depending on operator prefer-
ence) to prevent pericatheter thrombus formation and
propagation of preexisting thrombus.7

The major disadvantages to catheter-directed infusions is
the amount of time it may take for the drug to work. This is
particularly important if the patient is unstable.

Stand-Alone Percutaneous Mechanical Thrombectomy
Fragmenting the thrombus into smaller fragments is useful
because these are easier to aspirate than larger clots.5 Frag-
ments that are not immediately aspiratedwill embolize to the
distal pulmonary branches, typically with few clinical sequel-
ae.7 Because the surface area of the peripheral pulmonary
vasculature is many times that of the central vessels, simply
fragmenting a central thrombus and allowing it to travel
distally effectively increases perfusion to the lung, even if the
thrombus volume is not affected.5 In addition to improved
perfusion, this allows for better bloodflow so the strain on the
right heart is relieved.7 There are many devices that can be
used to break up the clot in to smaller fragments, including
commercially available mechanical devices, balloons, and
evenwire maceration.5 A potential disadvantage of mechani-
cal thrombectomy done in this fashion is that it increases
procedure time and there is a risk of injuring the pulmonary
arteries using aggressive techniques.24

Pharmacomechanical Catheter-Directed Thrombolysis
Modern CDI techniques often combine mechanical throm-
bectomy with the administration of thrombolytic drugs.24

These two techniques can be used concurrently or sequen-
tially. This combination has the advantage of fragmenting the
clot, which not only makes it easier to aspirate but provides a
larger surface area for the residual fragments to come in
contact with the thrombolytic drug. This has the dual effect of
increasing the drug's effectiveness as well as lowering the
dose of drug that is administered.7,24 This CDI technique
reduces pulmonary arterial pressures to near-normal levels
in nearly half of all patients treated in such a fashion.7

Patient Selection for Catheter-Directed Thrombolysis
To date, there is no consensus on the precise indications and
optimal technique for catheter-direct treatment of patients
with PE. The ACCP recommends against the routine use of CDI
for PE management; however, it does advocate its use in
patients in extremis from PE in whom systemic thrombolytic
therapy is contraindicated or inwhom it has failed to improve
their clinical condition.

Patients who are not candidates for thrombolytic therapy
stand are candidates for stand-alone mechanical thrombec-
tomy.7Debulking of the central thrombus creates a channel to
restore blood flowwithin and downstream from the occluded
vessel. Although this in itself is advantageous, the use of
adjunctive aspiration of the thrombus can further reduce the
thrombus burden. As alluded to earlier, there are numerous

commercially available catheters and devices that range from
a simple pigtail catheter used in a rotating fashion to break up
the central thrombus to sophisticated devices that have
motorized parts and use fluid infusion and aspiration chan-
nels or even ultrasound technology. None of these, however,
are FDA approved for CDI for PE.4

The high mortality rate in patients presenting with acute
PE (30%) largely occurs within the first hour of presenta-
tion.2,5,7 Due to this potential rapid deterioration of their
clinical status,many patients do not have the luxuryof time to
allow for prolonged infusion of systemic thrombolytics (the
standard bolus infusion occurs over 2 hours). This has given
rise to the trend toward advocating for catheter-directed
therapy in this subgroup of PE patients.

Zeni et al have recommended aggressive therapy for
patients with occlusion or obstruction of two or more lobar
arteries.5 In this study, primary management entailed sys-
temic thrombolytic infusion, but in those patients with a
contraindication to thrombolytic therapy, CDI was the treat-
ment of choice. The authors also suggested that even in
patients who could receive thrombolytic therapy but had
severe enough symptoms, CDI may be performed initially,
followed by thrombolytic infusion. For this population, the
severity of symptoms is not well defined; however, it is
generally accepted that CDI is indicated in patients with
“massive PE.” In a different report, Uflacker et al recom-
mended the use of CDI in patients exhibiting any of the
following: (1) arterial hypotension (<90mm Hg systolic or
drop of >40mm Hg); (2) cardiogenic shock, peripheral
hypoperfusion, and hypoxia; (3) circulatory collapse with
need for cardiopulmonary resuscitation (syncope); (4) echo-
cardiographic findings indicating right ventricular afterload
stress and/or pulmonary hypertension; (5) precapillary pul-
monary arterial hypertension (mean partial arterial pressure
>20mm Hg in the presence of normal partial arterial pres-
sure occlusion pressures; (6) widened arterial-alveolar oxy-
gen gradient >50mm Hg, and (7) clinically severe PE with a
contraindication to anticoagulation or thrombolytic therapy.6

In an effort to prevent right ventricular failure, Goldhaber has
also recommended CDI in patients with submassive PEwhere
there is right ventricular dysfunction but preservation of
systemic arterial pressure without the need for pressors to
support it.4,25

The major disadvantage of systemic thrombolytic therapy
is severe hemorrhage. Even when patients are screened for
risk factors that would place them at a higher risk for
hemorrhage, the risk of hemorrhage is still high (20% overall,
with the risk of intracranial hemorrhage at 3 to 5%).4 CDI can
potentially lower the dose of drug required for therapy and
thus theoretically decrease the risk of major hemorrhage.

Specific Catheter-Directed Intervention Considerations
CDI techniques continue to evolve. One of the newer CDI
techniques involves the use of low-intensity, high-frequency
ultrasound waves transmitted into the thrombus with the
thrombolytic agent. The ultrasound waves separate fibrin
strands in the clot and increase the surface area of the
thrombus available to the thrombolytic drug.24 The
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ultrasound waves also help to disseminate the drug through-
out the clot. In addition to less infusion time, the dose of
thrombolytic agent is also reducedwith this technique,which
may in turn decrease the risk of bleeding complications.24

The end point of CDI is also a matter of debate. Some
authors advocate for the termination of CDI as soon as
hemodynamic stability is achieved.4 However, this only ap-
plies to patients with massive PE. In patients who are
undergoing CDI but are hemodynamically stable, an appro-
priate end point may be normalization of the pulmonary
arterial pressures. A radiographic, such as a normal-appear-
ing angiogram, end point is generally not an acceptable end
point by itself.4

Ameta-analysis in 2009 of CDI in patients with massive PE
demonstrated a clinical success rate of 86.5%, with a compli-
cation rate of 2.4%.4 These rates compare favorably to results
with systemic thrombolysis of 77% success and 22% compli-
cation rates.4 Finally, a potential but as yet undefined long-
term benefit of CDI is the reduction of, or prevention of,
secondary pulmonary hypertension due to chronic PE.7

Surgical Intervention
Surgical embolectomy has been used to treat patients with
massive PE who did not respond to systemic thrombolytic
therapy or in those patients in which the use of anticoagu-
lants and thrombolytics is contraindicated.2,6 Advancement
in surgical and anesthetic techniques has significantly re-
ducedmorbidity andmortality of surgical embolectomy,with
a resultant increase in the survival rate to 85%.2,6,26 In some
centers surgical embolectomy remains a viable option2,27,28;
however, with the advent of modern interventional equip-
ment, development of new techniques, and more experi-
enced interventionalists, I envision the role of surgery
diminishing even further.

Conclusion

Acute PE has various forms of presentation. Patients identi-
fied as possible candidates for CDI should undergo risk
stratification in an expedited manner. In cases with known
high morbidity and mortality rates, aggressive therapy with
modern CDI techniques should be initiated without delay.
Further studies are needed to define the subgroups in this
patient population that are most likely to benefit from this
more aggressive therapy.
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