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V
enous thromboembolism includes deep
venous thrombosis and pulmonary embolism
(PE), and it is the third most common cardio-
vascular disease and a leading cause of death in

the US.1,2 The true incidence of PE is not known, but it is
estimated that there are more than 600,000 cases annual-
ly in the US alone.1 There are several risk factors for devel-
opment of PE.3,4 The immediate mortality rate related to
PE is less than 8% when the condition is recognized and
treated correctly. Of the 70% of patients in whom the

diagnosis is not made, the mortality rate approaches
30%.1,5,6 If appropriate therapy is initiated, mortality may
decrease, but the overall mortality associated with PE has
not significantly changed in the past 30 years.7 Rapid re-
establishment of pulmonary arterial flow is paramount
to overcome the acute hemodynamic dysfunction and
reduce the high mortality rate.8

Pulmonary arteriography is still the gold standard in
diagnosing pulmonary emboli, but several other imaging
modalities and laboratory tests have been used to diag-
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Figure 1. A female patient with massive pelvic vein thrombosis and pulmonary thromboembolism. A pulmonary perfusion

scan showed massive occlusion of the right pulmonary artery flow and significant reduction of left lower lobe perfusion (A).

Bilateral femoral vein infusion of urokinase at 100,000 IU/h for 12 hours cleared the pelvic veins (not shown). Follow-up lung

perfusion scan showed remarkable improvement 24 hours after the infusion started (B).
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nose PE, including ventilation perfusion lung scanning,
D-dimer, transthoracic and transesophageal echocardiog-
raphy, magnetic resonance angiography, and contrast-
enhanced, fast multislice spiral CT.3,9 However, no single
noninvasive test for PE is both sensitive and specific.
Some tests are good for “ruling in” PE (eg, helical CT),10,11

and some are good for “ruling out” PE (eg, D-dimer); oth-
ers may able to do both but are often inconclusive (eg,
V/Q lung scanning). Choosing which initial diagnostic
test to use should take into account clinical assessment
of the probability of PE and the patient characteristics
that may influence test accuracy.9 Cardiac Troponin T
(cTnT) monitoring identifies the high-risk group of nor-
motensive patients with acute severe PE.12 A persistent
increased cTnT level (>0.01 ng/mL) in patients with PE
predicts a significant risk of a complicated clinical course
and fatal outcome requiring a more aggressive treatment. 

Traditional therapeutic options are anticoagulation,
systemic thrombolysis, and surgical thrombectomy. More
recently, multiple minimally invasive, but aggressive, pro-
cedures were introduced, which included catheter-direct-
ed thrombolysis, percutaneous embolectomy and embo-
lus fragmentation techniques, pulmonary artery stent
placement, or association of two or more of these tech-
niques.2,13-15 Successful management of acute massive PE
requires prompt risk stratification and decisive, early
intervention (Table 1). At least one of the described crite-
ria must be present to justify more aggressive treat-
ment.14,16

Despite the lack of information available, it may be
appropriate to review the current techniques, protocols,
and devices for the interventional management of mas-
sive PE, with emphasis on the percutaneous techniques.

ANTICOAGULATION
Initial intravenous administration of heparin is the

therapy of choice to treat all forms of pulmonary throm-
boembolism. Heparin binds to and accelerates the activ-
ity of antithrombin III, prevents additional thrombus for-
mation, and permits endogenous fibrinolytic mecha-
nisms to lyse the clot that has already formed. 

Heparin therapy, therefore, is directed more to the
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Figure 2. A patient with massive PE presented with syncope. A massive PE of the right pulmonary artery with a large thrombus

occluded most of the artery, sparing just a portion of the right upper lobe (A). Left pulmonary angiogram showed large filling

defect in the main left pulmonary artery (B). Catheter-directed thrombolytic therapy was performed.The catheter was wedged

into the main thrombus in the right pulmonary artery and urokinase was started at 100,000 IU/h for 36 hours, with alternating

catheterization of the left pulmonary artery for 12 hours. Posttreatment pulmonary angiography showed significant improve-

ment of the pulmonary artery circulation in both lungs (C, D).The patient experienced dramatic recovery of the symptoms and

reduction of pulmonary artery pressures. Pre- and posttreatment lung perfusion scans showed marked improvement of right

lung perfusion (E, F). Note some improvement on the left lower lobe.
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Note. At least one of the following criteria must be present:

1.  Arterial hypotension (<90 mm Hg systolic or drop of

>40 mm Hg)

2.  Cardiogenic shock with peripheral hypoperfusion and

hypoxia

3.  Circulatory collapse with need for cardiopulmonary

resuscitation

4.  Echocardiographic findings indicating right ventricular

afterload stress and/or pulmonary hypertension

5.  Diagnosis of precapillary pulmonary hypertension

(mean PAP >20 mm Hg in presence of normal PAP

occlusion pressures)

6.  Widened arterial-alveolar O2 gradient, >50 mm Hg

7.  Clinically severe PE with a contraindication to anticoag-

ulation or thrombolytic therapy. 

TABLE 1. RISK STRATIFICATION AND
INDICATIONS FOR AGGRESSIVE INTERVENTION

TO TREAT MASSIVE PULMONARY EMBOLISM



source of the embolism rather than to treatment of the
embolus located into the pulmonary artery. If the
patient survives the initial PE episode and if no treat-
ment is initiated, there is an 18% to 30% chance of recur-
rent lethal PE.1,2,17-19

In a 1960s landmark study comparing heparin versus
placebo, Barritt and Jordan showed that none of 16
patients had recurrent PE (one associated death), where-
as 52% of 19 patients receiving placebo had recurrent PE
(five deaths).6 In PE, an initial large IV heparin bolus of
10,000 to 20,000 units is recommended, followed by a
more “standard” regimen of IV heparin at 1,000 units per
hour, 2 to 4 hours after the bolus.17 More recent evi-
dence suggests that bleeding complications can be
reduced with the use of low-molecular-weight
heparin.20-25

Full anticoagulant protection with heparin should be
maintained for 7 to 10 days. Oral anticoagulation should
be started 3 or 4 days before the heparin is discontinued
to allow a smooth transition between the two agents.
Oral anticoagulants (warfarin 7.5 to 10 mg/day, or lower
doses of 2 to 5 mg/day in smaller patients) are typically
used for 3 to 6 months after the initial episode of PE,
after heparin treatment, targeting an international nor-
malized ratio (INR) range of 2 to 3. A recent publication
by Ridker et al demonstrated that low-intensity warfarin
prophylaxis, with a targeted INR of 1.5 to 2, is superior
to placebo in preventing recurrent venous thromboem-
bolism and effective for patients requiring more than 3
months of anticoagulation therapy.26

SYSTEMIC THROMBOLYSIS
Because anticoagulant therapy does not treat the pul-

monary embolus itself, several trials to lyse clots with IV
infusion of thrombolytic agents have been attempted28,29

and showed a more rapid lysis of PE and reduction in pul-
monary hypertension with improvement in perfusion lung
scans when compared with heparin alone (Figure 1).
Whether these advantages result in an improved clinical
outcome and outweigh the increased risk of bleeding com-
plications is still unknown. More recent nonrandomized
studies showed improvement of 1-year survival and pul-
monary hemodynamics27 in patients treated with throm-
bolytics. A larger multicenter registry designed to investigate
current management strategies in patients with major but
hemodynamically stable PE, compared thrombolytic treat-
ment (using rt-PA, streptokinase, and urokinase) with
heparin anticoagulation, showed reduced mortality (4.7% vs
11.1%), reduced recurrence of PE (7.7% vs 18.7%; P=.016),
but a higher incidence of major bleeding complications
(21.9% vs 7.8%).15 A more recent study28 presented a meta-
analysis of 11 randomized and nonrandomized studies com-
paring thrombolysis and heparin, which showed a risk
reduction of 41% and 40% in favor of thrombolysis for
death and recurrence, respectively. There was a major bleed-
ing rate of 12.9% in patients receiving thrombolysis and 8.6%
in patients receiving heparin.28

Proposed thrombolytic regimes for PE are:29-31

• Streptokinase: 250,000 IU as a loading dose over 30 min-
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Figure 3. A schematic drawing of the flow model, showing

vortex formation immediately proximal to the level of

obstruction. Note that most of the fluid is washed into the

nonoccluded left pulmonary artery and the vortex close to

the occlusion, with only minimal flow of fluid making evanes-

cent contact with an occluding embolus (B). RUL=right upper

lobe, LUL=left upper lobe, LLL=left lower lobe, RI=right inter-

mediate artery,T=pulmonary artery trunk, B=balloon.

Figure 4. A schematic drawing demonstrating the effect of

mechanical fragmentation of a total occlusive central thrombus

in the pulmonary artery before (A) and after mechanical frag-

mentation and dispersion of the smaller clots into the peripheral

branches of the pulmonary artery (B).Fragmentation and distal

dispersion is likely to reduce pulmonary artery pressure and

increase total pulmonary perfusion.Note that a number of

peripheral branches of the pulmonary artery are open after frag-

mentation of the thrombus.
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utes followed by 100,000 IU/h.23

• Urokinase: 2,000 IU/lb loading dose over 10 minutes fol-
lowed by 2,000 IU/lb/h for 12 to 24 hours.23

• rt-PA: 100-mg continuous peripheral IV infusion over 2
hours or 50 mg/2 h plus an additional 40 mg/4 h if neces-
sary34 or 100 mg IV over 7 hours.32

• Heparin: 5,000 IU bolus followed by 1,000 IU/h (in asso-
ciation with the previously mentioned regimens), or
weight-based heparin dosing nomogram, heparin 100
IU/kg/h.33

CATHETER-DIRECTED THROMBOLYSIS
Catheter-directed thrombolytic therapy with intrapul-

monary artery infusion of thrombolytic drugs is an alterna-
tive technique advocated by many investigators,34-36 and is
intended to accelerate clot lyses and achieve more rapid
reperfusion of the pulmonary circulation. The technique
requires positioning of the catheter via femoral access
wedged within the pulmonary artery clot, with injection of
a bolus of thrombolytic drug followed by continuous infu-
sion for 12 to 24 hours (Figure 2). Systemic heparinization is
also used in association with thrombolytic therapy. In 1988,
Verstraete et al32 published the results of a multicenter,
comparative study between peripheral IV and intrapul-
monary treatment of acute massive PE with rt-PA (100 mg
over a 7-hour period), and indicated that the intrapul-
monary infusion of rt-PA does not offer significant benefit
over the IV route. It also suggested that a prolonged infu-
sion of rt-PA over 7 hours is superior to a single infusion of
50 mg over a 2-hour period. However, more recent evidence
suggests that the systemic infusion of thrombolytics does
not produce significant lyses due to poor contact of the
drug with the clot in the occluded branch of the pulmonary
artery (Figure 3).37

Proposed catheter-directed intrapulmonary thrombolytic
regimens for PE are:32,34-39

• Urokinase: Infusion of 250,000 IU/h mixed with 2,000 IU of
heparin over 2 hours followed by an infusion of 100,000
IU/h of urokinase for 12 to 24 hours.

• rt-PA: Bolus of 10 mg followed by 20 mg/h over 
2 hours (total of 50 mg), or 100 mg over 7 hours, or a
bolus of 20 mg followed by mechanical fragmentation
and 80 mg over a period of 2 hours (total of 100 mg).12

• Heparin: Infusion of 1,000 IU/h keeping the PTT at 1.5 to
2.5 times the upper normal limits. 

PERCUTANEOUS EMBOLECTOMY, CATHETER
FR AGMENTATION, AND THROMBECTOMY

Frequently, the comorbid conditions that make patients
poor thrombolysis candidates may also make them unsuit-
able for an open surgical approach.40 Fortunately, when
thrombolytic therapy fails or is contraindicated, the nonsur-
gical, less-invasive option available for this group of patients
with massive PE is percutaneous embolectomy and
thrombectomy using some of the current thrombectomy
mechanical devices. Mechanisms of action and experimen-
tal and clinical outcomes have been extensively discussed in
the literature.41,42 Some of the techniques available do not
totally eliminate the clots, but rather break down the
thrombus in smaller fragments that will migrate peripherally
in the pulmonary artery circulation, opening up the main pul-
monary artery and improving perfusion (Figure 4).43

The rationale for using these devices in the pulmonary
circulation is based on the rapid relief of central obstruction.
The fact that the cross-sectional area of the distal arterioles
is more than four times that of the central circulation and
that the volume of the peripheral pulmonary circulatory
bed is approximately two times that of the central pul-
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Figure 5. A type I pulmonary artery embolism showing a fragmented, recently embolized clot within the left pulmonary artery (A).

A type II pulmonary artery embolism showing a large, recently embolized nonfragmented clot causing massive occlusion of the

right pulmonary artery (B). A type III pulmonary artery embolism showing an old, organized clot within the left pulmonary artery,

not responding to thrombolytic therapy (C) and barely responding to aggressive mechanical thrombectomy (D).
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monary arteries suggests that the redistribution of larger
central clots into the peripheral pulmonary arteries may
acutely improve cardiopulmonary hemodynamics, with sig-
nificant increase in total pulmonary blood flow and right
ventricular function.38,44-46 The action of the thrombectomy
devices may be facilitated in certain circumstances by soft-
ening of the thrombus mass by thrombolytic therapy, help-
ing to speed up the debulking and fragmentation of the
occlusive clots.38 Fragmentation can, and should, be used as
a complement to thrombolytic therapy. Fragmentation of
the clot exposes fresh surfaces for endogenous urokinase
and infused thrombolytic drugs to further break down the
emboli (Table 2).47

It is common knowledge that the currently available
thrombolytic therapy, mechanical thrombectomy, and frag-
mentation devices are more useful and successful when
dealing with fresher thrombus. Three weeks is, in general,
the age limit of thrombus when considering the option of a
mechanical or rheolytic thrombectomy device. Based on
the history, angiographic findings, outcomes, and follow-up
of patients undergoing pulmonary thrombectomy with the
Helix Clot Buster Thrombectomy System, or ATD (ev3,
Plymouth, MN), three groups of patients have been identi-
fied.15 Type I patients, with fresh clots that have recently
embolized, should respond well to mechanical thrombecto-
my with increased peripheral flow and oxygenation (Figure
5A). Type II patients, with old, more organized clots that
have recently embolized, respond less effectively to
thrombectomy, and although more residual clots are likely
to remain, there is a good chance for improvement of pul-

monary flow (Figure 5B). Type III patients, with a history of
old, organized, chronic PE with recent worsening secondary
to recurrent PE, do not respond well to the effects of
mechanical thrombectomy (Figure 5C and D).

AngioJet
The AngioJet (Possis Medical, Minneapolis, MN) uses

the Bernoulli principle to perform thrombectomy, but it
is different in design from other devices. The AngioJet is a
double-lumen system ranging in diameter from 4 F to 6 F.
The smaller lumen is made of fine metal tubing that con-
ducts the high-pressure, high-velocity stream of saline
fluid. The metal tubing makes a circle (ring) at the tip of
the end hole of the catheter, and the jet is oriented back-
ward, in the direction of the main lumen of the catheter
shaft, creating a low-pressure area promoting fragmenta-
tion and evacuation of the clots (Figure 6). The catheter
can be advanced over the wire, allowing for precise place-
ment in the desired vessel,41,44 which is advantageous
when used in the pulmonary circulation. 

The treatment of massive PE is a potential application for
this device, and it has been used successfully in an animal
model and in a number of clinical cases, as recently report-
ed in the literature,48,49 including clots centrally located in
the pulmonary artery. Koning et al reported improvement
of the pulmonary pressure in one of two patients, but the
procedures were long and large amounts of mixed saline
and blood were retrieved, requiring interruption of the pro-
cedure.48 As is the case with the other hydrodynamic sys-
tems, this device is likely to be more successful in patients

Figure 6. Severe PE in a female patient with a number of other clinical problems. Embolism of the right pulmonary artery (A).

Pulmonary angiogram after AngioJet thrombectomy (B).The procedure was followed with urokinase infusion for approximate-

ly 24 hours. Use of the AngioJet device during the procedure within the right pulmonary artery (C). A newer version of the

AngioJet device (D).
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with fresher thrombus that is more peripherally located in
the pulmonary circulation. The use of the AngioJet device in
other vascular beds, such as the portal vein and for tran-
sjugular intrahepatic portosystemic (TIPS) shunt recanaliza-
tion has been occasionally related to the occurrence of
severe bradyarrhythmia, type III heart block, possibly related
to adenosine liberated from hemolyzed red cells acting on
the atrioventricular node.50 Hyperkalemia causing ST seg-
ment elevations has also been described.50 Personally, we
have observed bradyarrhythmia in a neonate when using
the AngioJet device in the inferior vena cava, but without ST
segment elevation. To the best of our knowledge, this prob-
lem has not been reported during the use of the AngioJet in
the pulmonary circulation, but based on personal commu-
nications, it may happen but has not been associated with
long-term sequelae.

Helix
The Helix thrombectomy device is a 120-cm-long, 7- or

8-F reinforced polyurethane catheter with a distal metal tip
(can) housing an impeller mounted on a drive shaft. The
metal can has three side ports behind the impeller used for
recirculation of the particles. The high speed of the impeller
creates a vortex inside the vessel, pulling the clots toward
the impeller, which recirculates and pulverizes the fresh
clots, creating a fluid with smaller particles. The system is
propelled by an air turbine that can generate up to 150,000
rpm at a pressure of 50 psi. Infusion of saline through the
catheter lubricates the shaft and cools off the system. There
is a distal side port in the polyurethane catheter that allows
for contrast injection to improve visualization of the clots
during thrombectomy.

The access into the pulmonary artery is achieved through

a 10-F, 95-cm-long guiding catheter. The guiding catheter is
advanced into the clot, and the Helix is introduced through
the catheter and activated at full speed. The device should
be used in a slow, back-and-forth motion. As the smaller
clots migrate peripherally, the Helix and guiding catheter
system is advanced to treat smaller clots. The multipurpose
of the shape of the guiding catheter allows some degree of
steerability. Pulmonary pressures should be measured
before and after the thrombectomy. Initial experience with
the Helix device showed clinical improvement in a limited
group of patients, with reduction of the respiratory symp-
toms and improvement of hypotension (Figure 7).15 This
device is known to be more effective in fresher clots, and in its
current design, presents significant difficulty in steerability,
requiring a guiding catheter for positioning within the pul-
monary artery. A 7-F, 27% more powerful device recently
became available, but it had not been extensively tested in the
pulmonary circulation at the time this article went to press. 

PE MANAGEMENT OVERVIEW
Successful management of acute massive PE requires

prompt risk stratification and decisive, early intervention
(Table 1).40 Typically, clinically undetected right heart failure
worsens with time, causing dependence on pressors, and
may lead to unremitting cardiogenic shock. If, at this point,
thrombolysis or surgical embolectomy is considered for
treatment, the likelihood of a good outcome is very slim.40

Despite adequate anticoagulation, right ventricular dysfunc-
tion is still a severe life-threatening condition.

When high-risk PE patients are identified, adequate anti-
coagulation should be instituted, and the patients need to
be screened for pharmacologic thrombolysis. Thrombolysis
offers the chance of clot removal without the risks and mor-

Figure 7. A pulmonary angiogram showed massive PE occluding the left main pulmonary artery. Mechanical thrombectomy

was indicated in this case due to recent neurologic surgery.The Helix device was used through a 10-F guiding catheter (A). A

postthrombectomy pulmonary arteriogram showed improved patency in the main pulmonary artery and improved lung per-

fusion (B). A schematic drawing of the distal tip of the 8-F Helix device (C). A recessed impeller is driven by a drive shaft at high

speed within a 5-mm metal capsule. An initial positive perfusion scan shows bilateral PE that is massive on the left side (D). A

follow-up perfusion scan shows improved perfusion in the left lung, mostly appreciated in the posterior view (E).
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bidity of surgical embolectomy, however, thrombolytic ther-
apy is not without risks and careful evaluation is necessary.
There is increased risk of major bleeding, including the pos-
sibility of intracranial hemorrhage. However, thrombolytic
therapy also offers the opportunity of dissolution of more
peripheral clots in the pulmonary circulation. Verstraete et
al compared the recanalization effects of intrapulmonary
versus IV infusion of rt-PA and showed that transcatheter
intrapulmonary delivery does not offer a significant benefit
over the IV route. These findings resulted in a loss of interest
in the technique.32

Despite this controversy regarding the efficacy of periph-
eral versus intrapulmonary thrombolytic therapy, recent
experimental evidence in vitro and in vivo suggests that
when there is a massive pulmonary occlusion by an embo-
lus, there is formation of a vortex proximal to the occluding
embolus, and any fluids infused proximal to the pulmonary
artery occlusion will make only evanescent contact with the
edge of the thrombus, and the fluid is washed into the
nonoccluded ipsilateral and contralateral pulmonary arter-
ies (Figure 3).37 After embolus fragmentation, the infused
fluid is carried completely into the formerly occluded artery.
These flow studies possibly explain why thrombolytic agents
administered via a catheter positioned adjacent to the
embolus may have no more effect than systemically infused

agents. The enhanced local effect, observed in other vascu-
lar territories, is precluded by the rapid washout into the
nonoccluded pulmonary arteries followed by systemic dilu-
tion of the drug. Catheter fragmentation followed by intra-
pulmonary thrombolytic infusion is an adequate, and in our
opinion, underused technique to achieve rapid resolution of
the thrombus, improving hemodynamic conditions in most
patients. Simple fragmentation with an angiographic
catheter may be very beneficial. The use of larger angioplas-
ty balloons for clot fragmentation is also a simple and
immediately available technique to most budgets and
angiographic laboratories.38 As discussed previously, the
association of fragmentation, mechanical thrombectomy,
and thrombolytic therapy is desirable for potentially
improving outcomes. In fact, it is likely that most of the
devices will be more effective if thrombolytic therapy is used
in association with the thrombectomy device. There are,
however, situations that make patients unsuitable for
thrombolysis, either systemic or intrapulmonary. 

SUMMARY
For high-risk PE patients who are unsuitable for pharma-

cologic thrombolysis or open embolectomy, modern
catheter thrombectomy technology may be employed. In
acute massive PE, the main purpose of the treatment

D E V I C E S
• Thrombolizer and Modified Impeller Catheter, Angiocor, Buenos Aires , Argentina

• Arrow-Trerotola Percutaneous Thrombolytic Device, Arrow International, Reading , PA

• Greenfield Embolectomy Device, Boston Scientific Corporation, Natick, MA

• Oasis (S.E.T.) Catheter, Boston Scientific Corporation, Natick, MA

• Rotatable Pigtail Catheter, Cook Incorporated, Bloomington, IN

• Hydrolyser Hydrodynamic Thrombectomy Catheter, Cordis Endovascular, Miami, FL

• Amplatz Thrombectomy Device, ev3, Plymouth, MN

• AngioJet Rheolytic Thrombectomy Catheter, Possis Medical, Minneapolis , MN

• Rotarex Catheter, Straub Medical AG, Wangs , Switzerland

• Lang Percutaneous Pulmonary Thrombectomy Device, (custom-made device)

P R O C E D U R E S
• Balloon Angioplasty for Clot Fragmentation

• Pulmonary Artery Stent Placement

• Catheter-Directed Thrombolysis

TABLE 2.  THROMBECTOMY AND EMBOLECTOMY DEVICES AND TREATMENT
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should be the rapid restoration of the pulmonary blood
flow to increase pulmonary perfusion, improve oxygenation,
and reduce pulmonary pressure and cardiac failure. When
thrombolysis is contraindicated or inadvisable, mechanical
intervention using some of the available devices should be
considered. The advent of more aggressive interventional
treatments and techniques for the management of massive
PE has a tremendous potential for saving lives. Nevertheless,
the new technology that became available in the last few
years requires the close participation of a skilled interven-
tional radiologist as member of the interdisciplinary team in
charge of identifying and treating those patients. The devel-
opment and implementation of protocols for treating mas-
sive PE, tailored for each institution, is mandatory and may
improve outcomes, saving patients’ lives. However, no easy
or final solution is currently available for the management of
the difficult problems faced when treating patients with
massive PE, and it is likely that the new devices and the avail-
able thrombolytic techniques will be used in association,
rather than individually. ■

Renan Uflacker, MD, is Professor of Radiology and Director,
Division of Vascular and Interventional Radiology, Department
of Radiology, Medical University of South Carolina, Charleston,
South Carolina. He has disclosed that he has no financial inter-
est in any product or manufacturer mentioned herein. Dr.
Uflacker may be reached at (843) 792-6160;
uflacker@musc.edu.
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