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Introduction
Venous thromboembolic disease (VTE) is estimated to occur in at least 1 to 2
persons per 1000 population annually, manifesting as deep vein thrombosis (DVT),
pulmonary embolism (PE) or in combination.1-3 It is the cause of over 100,000
deaths annually and is the most preventable cause of death in hospitalized

patients in the United States.4 Despite treatment with anticoagulant therapy, a
significant proportion of survivors of acute DVT or PE are at risk of suffering from
the disabling sequelae such as the post thrombotic syndrome (PTS), recurrent VTE
or chronic thromboembolic pulmonary hypertension (CTEPH).1,5 Given the
limitations of medical therapy, promising endovascular treatment modalities have
evolved over the past two decades in an effort to mitigate the acute and chronic
disability from VTE.6,7 The purpose of this review is to discuss the rationale and
evidence for an endovascular treatment approach for high-risk acute DVT and PE
patients.

The Rationale for an Interventional Approach to Massive and Submassive PE
The most dreaded acute complication of PE is death; it is estimated that over
100,000 deaths in hospitalized patients in the United States are attributable to

acute PE each year.4 The severity of PE is stratified into massive (PE causing
hemodynamic compromise), submassive (PE causing right ventricular dysfunction
demonstrable by echocardiography, computed tomography or elevated cardiac
biomarkers) and non-massive or low-risk (PE without evidence of RV dysfunction
or hemodynamic compromise). The International Cooperative Pulmonary
Embolism Registry (ICOPER) demonstrated 90-day mortality rates of 58.3% in
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patients with massive PE versus 15.1% in sub-massive PE.20 Several studies
demonstrate short-term mortality rates of less than 2% in patients with low-risk

PE.21-23 Features suggestive of adverse prognosis in acute PE are listed in Table 2.

Up to 4% of patients who survive will develop CTEPH.24 Untreated CTEPH carries a
poor prognosis, especially if associated with pulmonary hypertension and right
ventricular dysfunction.25 Recurrent DVT as well as a large thromboembolic
burden has been observed in the literature to correlate with an increased

likelihood of developing CTEPH.24 While in acute PE, obstructive pathophysiology

is almost certainly the cause of right ventricular failure and death,26 histologic and
surgical studies suggest that complex factors involving shear stress, remodeling of
the pulmonary vascular bed and microvascular inflammation appears to play a
role in the development of CTEPH.27 In patients with massive PE, systemic

thrombolytic therapy has been shown to reduce mortality,28 decrease the risk of

developing CTEPH and improve quality of life.29,30 A recent meta-analysis suggests
that systemic thrombolytic therapy also reduces mortality in patients with
submassive PE (OR 0.48; 95% CI 0.25 - 0.92).31 This, however, appears to be at the
expense of significant major bleeding complications (OR 2.91; 95% CI 1.95 - 4.36)
including intracranial hemorrhage (OR 3.18; 95% CI 1.25 - 8.11). These bleedingrelated adverse events as well as treatment failure seen with systemic
thrombolysis have resulted in the exploration of catheter-based thrombus
removal as an alternative therapeutic option for these patients.32,33 In
contemporary practice, catheter-based endovascular therapy for acute PE can be
considered in patients where there is a clear contraindication to full dose
thrombolytic therapy or when risk stratification in a patient with stable
hemodynamics indicates an increased likelihood of morbidity and mortality.34
Table 1: Features Suggestive of Adverse Prognosis in Acute PE
Electrocardiography (ECG)
Sinus tachycardia
New-onset atrial arrhythmias
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New right bundle branch block (complete or incomplete)
QR pattern in V1
S1Q3T3
T wave inversion in V1 through V4
ST segment migration in V1 through V4
Biomarkers
Elevated troponin (cTnI and cTnT)
Elevated natriuretic peptides (BNP and N-terminal pro-BNP)
Computed Tomography
RV diameter / LV diameter >0.9
Ventricular septal bowing from right to left
Presence of RV enlargement
Echocardiography
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RV dilatation and hypokinesis
RV diameter / LV diameter >0.9
Interventricular septal flattening and paradoxical leftward septal motion
Presence of TR
Presence of PH (peak tricuspid jet velocity greater than 2.6m/s and loss of
respirophasic IVC collapse
RV free wall hypokinesis with apical sparing (McConnell's sign)
BNP = brain natiuretic peptide; RV = right ventricle; LV = left ventricle
TR = tricuspid regurgitation; PH = pulmonary hypertension; IVC = inferior vena cava

Figure 1: Cumulative hazard for death in Acute PE
Dashed line= hemodynamically stable. Solid line=
hemodynamically unstable

Figure 2: Adjusted cumulative hazard for inhospital death or clinical deterioration in
hemodynamically stable patients with acute
pulmonary embolism.
Solid line= patients
with right ventricular
dysfunction by
echocardiography and
elevated troponin
levels. Dashed line=
patients with right
ventricular
dysfunction or
elevated troponin
levels. Dotted line=
patients without right
ventricular
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dysfunction and normal troponin levels. HR = hazard ratio.

Patient Selection and Risk Stratification
Careful patient selection should be the foundation upon which an individualized
endovascular strategy is adopted in clinical practice. Three key considerations
should be factored into the decision to proceed with an endovascular approach: 1)
disease severity and acuity; 2) likelihood of a major adverse bleeding event; and 3)
patient-specific considerations.
Systemic thrombolysis is associated with lower all-cause mortality in patients with
massive PE and should be the treatment of choice in this subset of patients.31,39
Current US and European societal guidelines recommend endovascular treatment
strategies in the event of treatment failure in this subset of patients.32,40,41 A
pulmonary embolism response team (PERT) approach, whereby a multidisciplinary team determines the optimal course of action in critically ill patients
with massive PE,42 should be considered when extracorporeal membrane
oxygenation (ECMO) and/or surgical pulmonary embolectomy can be life-saving
alternatives.43,44 In submassive PE, use of systemic thrombolysis is associated
with a mortality benefit yet significantly increases the risk of major bleeding,

including intracranial hemorrhage.39,45 For this subset of patients ACCP guidelines
currently recommend systemic thrombolytic therapy when cardiopulmonary
deterioration is evident yet frank hypotension has not occurred. The ACC/AHA
guidelines suggest that catheter embolectomy can be considered when
cardiopulmonary deterioration is evident or in submassive PE when patients have
clinical evidence of adverse prognosis. The European Society of Cardiology (ESC)
recommends two-step risk stratification, first with a validated clinical prognostic
assessment tool (Pulmonary Embolism Severity Index or simplified Pulmonary

Embolism Severity Index) followed by imaging and biomarker risk assessment.46,47
When both clinical and objective risk assessment tools are positive, catheterdirected therapy can be considered if cardiopulmonary deterioration is felt to be
imminent. The divergence in recommendations clearly reflects a paucity of large
randomized trial data in this area. Existing data demonstrates that ultrasoundassisted catheter directed thrombolysis (UA-CDT) is superior to heparin
anticoagulation alone in improving right ventricular dilatation within 24 hours
without major bleeding complications or recurrent VTE.33 In a single-arm
multicenter study of 150 patients, UA-CDT reduced the mean pulmonary artery
systolic pressures by 30% and decreased the mean RV/LV diameter ratio by
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25%.48 At 90 days there was a statistically significant difference in RV systolic
function favoring UA-CDT, while RV/LV ratio a trend toward improvement in the
UA-CDT arm, it did not reach statistical significance (p = 0.07). None of the
patients had an intracranial bleed while one patient suffered a major bleeding
complication. This approach appears to be promising and perhaps favorable in
this subset of patients although definitive safety outcomes and medium to longterm mortality data are not known. Patients with low-risk PE should not be
considered for endovascular therapy owing to the low associated morbidity and
mortality rates. The only exception being patients who have a large saddle
embolus without any adverse hemodynamics or right ventricular effects. Ongoing
safety and efficacy trials assessing optimal dose and duration of therapy are
eagerly awaited.49

Bleeding Risk Assessment
All patients being considered for catheter-based endovascular therapies for either
acute PE or LE-DVT should undergo a rigorous assessment of bleeding risk. Active
bleeding, recent cerebrovascular or intracranial pathology (cerebrovascular
accident, transient ischemic attack, cranial trauma, recent neurosurgery) or
absolute contraindications to anticoagulation are absolute contraindications to
any type of endovascular treatment strategy involving thrombolytics. Relative
contraindications (Table 1), especially if not correctible should be carefully
reviewed on an individualized basis.
Patient-Specific Considerations
Patient preference should be central in determining whether an endovascular
treatment approach is appropriate. It is the responsibility of the physician to
delineate the risks and benefits outlined above and discuss these in the context of
each individual patient's life expectancy and functional status. This is especially
important when presenting endovascular treatment strategies for LE-DVT as they
are not performed to prevent death, but with the goal of improving quality of life
and function in the long term.41 Careful consideration must be given to the effect
of chronic co-morbidities to the patients' functional status as well as their ability
to tolerate the procedure itself.
Contemporary Treatment Strategies for Acute PE
Anticoagulation
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Anticoagulation therapy is the primary treatment option for most patients with
acute PE. The utilization of factor Xa antagonists and direct thrombin inhibitors,
collectively termed Novel Oral Anticoagulants (NOACs) are likely to increase as

they become incorporated into societal guidelines as first line therapy.38 Adoption
of these newer agents may mitigate the major limitation of VKA therapy,
frequently found in studies of VTE/PE to have sub-therapeutic INRs in a significant
number of patients.50 Low molecular weight heparin is superior to unfractionated

heparin in both treatment and thrombo-prophylaxis in cancer patients.27,51 This is
reflected in the recommendations made by the American College of Chest
Physicians who recommend the use of low molecular weight heparin on the basis

of the strength of evidence available.38 The importance of prompt initiation of
anticoagulation cannot be over emphasized; objective assessment of bleeding risk,
set in the context of the risk of choosing not to use anticoagulation, should
prevent overly conservative practices founded upon theoretical concerns over
bleeding.
Inferior Vena Cava Filters
The role of inferior vena cava filters (IVCF) in the contemporary management of
acute VTE has not been truly defined owing to a paucity of high quality evidence.
At present the benefit of IVCF use seems to be in reducing the risk of acute PE in
patients who have a clear contraindication to anticoagulation in the form of active

bleeding.54,55 In the absence of such a contraindication there appears to be no
clear benefit and non-retrieval of IVCF exposes the patient to risk of recurrent VTE,
PTS and other mechanical complications such as filter fracture or
migration.56,54,19 Societal guidelines appear to be congruent with this data but
importantly differ in their recommendations where high quality evidence is

lacking.32,38,57,58 Notable examples of these disparate recommendations include
free floating proximal LE-DVT, acute PE in the presence of a pre-existing IVCF,
poor medication compliance and IVCF use as VTE prophylaxis in the setting of
immobility, trauma or major surgery. The need for definitive evidence related to
IVCF use in some of these circumstances has long been recognized though
randomized control data continues to be lacking.58

Percutaneous Mechanical Thrombectomy (PMT) for Massive and Submassive
Acute PE
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Several percutaneous approaches have been used alone or in combination in
patients with an absolute contraindication to thrombolysis. These include: 1)
thrombus fragmentation with a rotating pigtail catheter; 2) aspiration
thrombectomy; 3) rheolytic thrombectomy; and 4) suction embolectomy.
Thrombus fragmentation techniques using balloon angioplasty or rotation of
pigtail catheters are probably the earliest examples of catheter-based intervention
for acute PE. This technique is rarely utilized as a stand-alone procedure and
carries a significant risk of distal and proximal embolization. Advanced
fragmentation catheters such as the Amplatzer-Helix thrombectomy catheter (EV3,
Endovascular, Plymouth, MN) improves upon clot fragmentation through use of an
impeller to macerate the thrombus but lacks the capability of aspirating the
resultant debris and cannot be advanced over a wire. Rheolytic thrombectomy
catheters (AngioJet, Medrad Interventional, PA) work by creating a vacuum behind
an area of high-pressure saline jets at the tip of the catheter. This enables
simultaneous thrombus fragmentation and aspiration. Additionally, this device can
be used to forcefully infuse ("power-pulse spray") a thrombolytic agent such as rtPA instead of saline, which is likely to enhance the thrombolytic efficacy. When
used in conjunction with thrombolytics, bradycardia, hypoxia and vasospasm has
been observed, possibly due to adenosine release as a result of platelet
disruption, which has resulted in a FDA black box warning regarding use of the
device in the treatment of acute PE. These side effects can be overcome with
aminophylline infusion and with the use of transvenous pacing prior to

fragmentation.81 Caution must be exercised during the placement of all catheters
into the pulmonary arterial circulation. Ensuring proper positioning is vital in order
to prevent the risk of catastrophic vessel injury as well as distal embolization of
thrombus when using high-pressure injection systems. For this reason, we
advocate the use of available computed tomography to help guide the optimal
placement of any drug delivery system. Suction embolectomy devices such as the
Greenfield catheter benefit from being large bore catheters capable of achieving
thrombus removal without the side effects associated with fragmentation and
rheolytic techniques.82 Despite this, technical difficulties related to catheter size
have precluded its widespread adoption. Emerging devices such as the
FlowTriever System (Inari Medical, Irvine, CA) and the Indigo System (Penumbra
Inc., Alameda, CA), which are specifically designed for use in patients with an
absolute contraindication to thrombolytic therapy, currently remain only in
investigational stages.83
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The optimal PMT strategy to use in patients with an absolute contraindication to
systemic fibrinolysis is best determined on an individualized basis. To gain access
to the diseased vasculature, we recommend the following approach

recommended by the AHA/ACC guidelines.32 Obtain access through a 6F femoral
venous sheath and advance a 6F angled pigtail catheter into each main pulmonary
artery. Disease burden can be visualized at this point by administering lowosmolar or iso-osmolar contrast (30ml over 2 seconds). Unfractionated heparin
should be used to maintain a clotting time >250 seconds. A direct thrombin
inhibitor such as Bivalirudin (0.75mg/kg as an intravenous bolus followed by
1.75mg/kg/h) can be used as an alternative if there is a non-bleeding
contraindication to heparin use. A 6F guiding catheter is used to reach the
thrombus which can then be crossed with a hydrophilic guidewire, over which the
PMT devices are advanced. This approach should be limited to the main and lobar
pulmonary artery branches and placement of a temporary transvenous pacer or
use of aminophylline should be considered.
Ultrasound-Assisted CDT (UA-CDT) for Acute PE
For patients without an absolute contraindication to systemic thrombolysis, UACDT can be considered. Low energy ultrasound disaggregates fibrin within acute

thrombi,84 this is exploited by the EKOS device (EkoSonic, Bothell, WA), which
combines emission of low energy ultrasound and infusion of a thrombolytic agent
via a multi side-hole containing catheter. This strategy has been evaluated in the
ULTIMA (Ultrasound-Assisted, Catheter-Directed Thrombolysis for Acute

Intermediate-Risk Pulmonary Embolism) trial,33 which demonstrated superiority to
anticoagulation alone in improving hemodynamics without a significant increase in
bleeding complications. The SEATTLE II (A Prospective, Singe-arm, Multi-center
Trial of EkoSonic(R) Endovascular System and Activase for Treatment of Acute
Pulmonary Embolism) study,48 was a single arm multi-center trial of UA-CDT that
demonstrated improved right ventricular hemodynamic indices in patients
undergoing UA-CDT for both massive and submassive PE. There were no
occurrences of intracranial hemorrhage; although 16 bleeding episodes (1 GUSTO
severe, 15 GUSTO moderate) were noted.
Table 2: Absolute and Relative Contraindications to Catheter-Directed
Thrombolysis
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Absolute contraindications
Active bleeding disorder
Recent CVA or TIA
Recent neurosurgery
Recent intracranial trauma
Absolute contraindication to anticoagulation
Relative contraindications
Recent cardiopulmonary resuscitation
Recent abdominal, ophthalmic or obstetric surgery
Recent trauma (other than intracranial)
Known intracranial tumor or vascular abnormality
Uncontrolled hypertension: systolic BP >180 mm Hg, diastolic BP >110 mm Hg
Recent gastrointestinal bleeding
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Known severe allergy or adverse reaction to thrombolyic agent or contrast media
(not controlled by steroid/antihistamine therapy)
Severe thrombocytopenia
Known right-to-left cardiac or pulmonary shunt
Severe dyspnea or other condition that would preclude ability to tolerate
procedure
Suspected intracardiac thrombus
Suspected infected venous thrombus
Chronic kidney disease
Active pregnancy
Severe liver disease
Active infection
Recent = <3 months
CVA = cerebrovascular accident TIA = transient ischemic attack BP = blood pressure

Given the available evidence for UA-CDT in the treatment of acute PE, the use of
an ultrasound assisted CDT strategy should be explored on a highly individualized

basis. We recommend the approach by Kucher et al.33 adapted and described
here. Patients with proven acute PE should be promptly anticoagulated with
intravenous unfractionated heparin with a bolus of 80 units per kilogram followed
by infusion. They should undergo echocardiographic evaluation to assess right
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ventricular (RV) function and size along with its correlation to left ventricular (LV)
dimensions (RV: LV ratio). Serum biomarkers, troponin and brain-natriuretic
peptide levels should be obtained. In conjunction with the patient's clinical and
hemodynamic assessment, an individualized decision should be made regarding
their suitability for CDT. Should the patient be deemed a reasonable candidate
then informed consent is obtained from the patient or the patient's designated
decision maker after a thorough discussion of the risks and benefits of CDT.
The common femoral vein should be accessed with a 6F single lumen sheath for
unilateral therapy or two 6F sheaths or single 10F dual lumen sheath for bilateral
therapy. Standard right heart catheterization with simultaneous mixed venous and
systemic oxygen saturation should be obtained. A 0.035 inch guide wire along
with a standard diagnostic angiographic catheter should be used to cross the
diseased segment. With the guide wire in place, the angiographic catheter should
be exchanged for the desired catheter system. If using an ultrasound-assisted
system, the guide wire can then be removed and the ultrasound transducer
system can be attached to the catheter. A continuous infusion of rtPA at 1mg/h in
each pulmonary artery can then be initiated while the patient is observed in an
intensive care setting. The rTPA dose is halved at 5 hours to 0.5mg/h for an
additional 10 hours. The recommended maximum dose of rTPA is 20mg for
bilateral device placement and 10mg for unilateral device placement. At 15 hours
the rTPA infusion should be stopped along with the ultrasound transducer system.
During the active infusion phase the patients are placed on bed rest in an ICU
setting with frequent monitoring of vital signs, hemoglobin, platelet count,
activated partial thromboplastin time and fibrinogen levels. After the completion
of therapy, the hemodynamics are repeated. The catheter system and introducer
sheath should be removed with manual compression of the access site until
hemostasis is achieved. Follow up echocardiography should be performed to
confirm improvement of RV size and function.
Post-Procedural Care
There are no comparative studies or societal recommendations to suggest the
type, dose and duration of anticoagulation therapy or antiplatelet therapy
following catheter based endovascular therapies with or without angioplasty and
stenting. Current recommendations suggest therapy based on VTE stratification: 1)
VTE associated with reversible risk factor or "provoked" DVT (at least 3 months); 2)
unprovoked or recurrent VTE (6 to 12 months); and 3) VTE in the setting of cancer
(indefinitely with LMWH). Similarly, no guidelines exist for the type or duration of
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antiplatelet therapy in this setting. We have adopted an empiric approach to
anticoagulation and antiplatelet therapy in patients who have undergone CDT
and/or venous stenting. Following the completion of CDT for either acute DVT or
PE we resume anticoagulation with unfractionated heparin soon after puncture
site hemostasis has been achieved. We then transition patients onto NOAC or VKA
therapy, following a patient-centered discussion. Patients who have undergone
stenting are also commenced on low dose aspirin and clopidogrel. We adopt this
aggressive approach especially in patients with chronic VTE who have high rates of
re-thrombosis and often require further intervention in up to 40% of cases within
4 years.87 Finally, in patients with LE-DVT we utilize compression bandages until
there is resolution of acute swelling and then switch to knee-high compression
stockings with 30-40 mmHg pressure. Patients are followed up at regular intervals
following discharge, at which time clinical assessment is made for disease
recurrence, changes in quality of life as well as continued careful review of their
bleeding risk on anticoagulation therapy.
Predictors of Adverse Events
As endovascular strategies continue to be refined and newer, dedicated catheter
systems get adopted into contemporary practice, the ability to predict adverse
events associated with catheter-based therapies for both acute DVT and PE

remains critical. Contemporary trials of CDT,33,36 and even the recently completed
ATTRACT (Acute Venous Thrombosis: Thrombus Removal With Adjunctive CatheterDirected Thrombolysis) trial,67 are underpowered to detect differences in safety
outcomes when compared to anticoagulation alone. Study of large scale
observational data within the United States has demonstrated that the presence
of: 1) shock; 2) cancer; 3) paralysis; 4) age greater than 75 years; 5) Hispanic
ethnicity; 6) renal failure; and 7) congestive heart failure are significant predictors
of death or intracranial hemorrhage in patients undergoing CDT for LE-DVT when

compared with anticoagulation alone.88 Additionally, patients with cancer and
chronic kidney disease undergoing CDT for LE-DVT appear to have higher rates of
acute renal failure and bleeding complications including intracranial

hemorrhage.89,90 These patient-specific risk factors should be factored into any
decision to proceed with an endovascular treatment strategy for either acute DVT
or PE until further prospective studies are performed to definitively address
comparative safety outcomes.
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Another important consideration is the direct relationship between higher
institutional volume and improved in-hospital safety outcomes. This is an
additional predictor of death and intracranial hemorrhage in patients undergoing

CDT for LE-DVT.88 A recent nationwide comparative outcomes study demonstrated
that institutions with higher annual procedure volume (defined as greater than
five procedures annually) had similar rates of death and intracranial hemorrhage

in the CDT group when compared to patients treated with anticoagulation alone.91
In contrast, low volume centers (defined as less than five procedures annually)
had significantly higher mortality and ICH rates in the CDT group compared to
anticoagulation alone. This relationship likely reflects heterogeneity in
contemporary practice within the United States, stemming from variations in
patient selection, peri- and post-procedural monitoring. Standardization of the
treatment protocols for endovascular therapies for VTE is crucially needed as this
may improve outcomes particularly at low volume institutions.51 For acute PE,
safety outcomes in patients undergoing CDT are largely derived from early trial

data as well as small cohort studies.33,48,92-6 The lack of robust safety outcomes
data likely reflects the fact that endovascular treatment for PE is still in its infancy.
Additionally, unlike CDT for LE-DVT, concerns regarding the accuracy with which
acute PE is diagnosed and documented nationwide have precluded the use of
administrative data to shed light on safety outcomes.97 Recently however, Kuo et

al.98 described favorable initial safety outcomes from a prospective multicenter
registry concluding that CDT is a safe and effective treatment for massive and
sub-massive acute PE. Further prospective randomized comparative effectiveness
trials as well as real-world registries are needed to drive continued evaluation of
this treatment strategy.
Future Directions
Outcomes for CDT are likely to improve with technological advances in
endovascular therapies and as physicians get better at patient selection, careful
risk assessment and standardization of peri- and post-procedural monitoring.
Data regarding the safety and efficacy of NOACs after catheter-based thrombus
removal in VTE is acutely needed both in terms of therapeutic certainty as well as
patient preference when compared to VKA therapy; these measures alone may be
sufficient in reducing the burden of recurrent VTE as well as the risk of PTS.
Dedicated technological advances, such as the development of catheters and
pharmaco-mechanical devices, especially for massive and submassive PE may see
the management of these patients evolve into a predominantly endovascularly
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treated disease entity. Moving toward the use of a PERT (Pulmonary Embolism
Response Team) team approach, especially in complex decision-making, may also
ensure that the best therapeutic plan is executed on an individualized basis while
avoiding under treatment of high risk submassive PE.42 Additionally, newer

technologies such as drug-coated balloons,99 bio-resorbable vascular scaffolds

and bioresorbable IVCF are currently being studied.100-1 Refinement of our
current strategies, coupled with the exciting future technological developments
will provide physicians and patients with options to relieve symptoms, delay
morbidity and mortality and improve quality of life.
Conclusions
VTE is increasingly recognized as a cause of significant morbidity and mortality in
the United States. An interventional approach to managing both acute LEiliofemoral DVT and massive and submassive PE has great promise. There remains
a paucity of robust long-term evidence, particularly addressing safety outcomes in
therapies utilizing drugs and delivery systems that can result in bleeding
complications. A highly individualized approach encompassing patient selection,
type of therapy, operator and hospital level of experience should be followed to
maximize the benefits of an interventional strategy as well as minimize the risk of
harm.
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