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Abstract: Deep vein thrombosis (DVT) is a major health problem worldwide. The risk of pulmonary 
embolism following DVT is well established, but the long-term vascular sequelae of DVT are often 
underappreciated, costly to manage, and can have extremely detrimental effects on quality of life. Treatment 
of DVT classically involves oral anticoagulation, which reduces the risk of pulmonary embolism but does not 
remove the clot. Anticoagulation therefore does little to prevent the venous damage and scarring that occurs 
following DVT, leaving the patient at risk for permanent venous insufficiency and development of post-
thrombotic syndrome (PTS). Catheter-directed thrombolysis (CDT) is a minimally invasive endovascular 
treatment that is used as an adjunct to anticoagulation. CDT lowers the risk of PTS by reducing clot 
burden and protecting against valvular damage. A catheter is advanced directly to the site of thrombosis 
under fluoroscopy followed by a slow, prolonged infusion of a relatively low dose of thrombolytic agent. 
CDT restores venous patency faster than anticoagulation, which hastens the relief of acute symptoms. 
Adjunctive CDT modalities have become increasingly popular among interventional radiologists, allowing 
for additional mechanical thrombectomy or ultrasound-enhanced thrombolysis at the time of catheter 
placement. These pharmacomechanical CDT (PCDT) techniques have the potential to reduce treatment 
time and associated healthcare costs. Numerous observational and retrospective studies have consistently 
shown a benefit of CDT plus anticoagulation over anticoagulation alone for prevention of PTS. Patients 
with long life expectancy and acute thrombosis involving the iliac and proximal femoral veins (iliofemoral 
DVT) have the greatest benefit from CDT, which may decrease the risk of PTS and/or decrease the severity 
of PTS symptoms if they do occur. Randomized controlled trials remain limited but generally support the 
observational data. CDT also plays an important role in those with acute limb-threatening venous occlusion 
or severe symptoms from DVT. Although adverse outcomes are rare, a potential devastating outcome is 
intracranial bleeding. While the available literature suggests the risk of serious morbidity from bleeding is 
quite rare, the absolute risk of bleeding is not clear and will require outcomes data from randomized trials. 
Future studies should also examine the cost-effectiveness of CDT for PTS prevention, particularly with 
respect to quality-adjusted life years, and compare the effectiveness of available PCDT devices. 
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Introduction

Venous thromboembolism (VTE) is a spectrum of disease 
including deep vein thrombosis (DVT) and pulmonary 
embolism (PE). VTE is a major public health concern, 
estimated to effect 1 to 2 per 1,000 people in the US each 
year (1-3). PE is responsible for almost all VTE related 
deaths. Over 80% of PE are the result of DVT in the leg 
or pelvic veins. These clots dislodge and travel through the 
venous system to the heart and into the pulmonary arteries. 
Estimates suggest that at least 100,000 Americans die of 
VTE each year, with 10–30% of patients dying within  
30 days of diagnosis, and 20–25% of PE cases presenting as 
sudden death (1-3).

DVT represents about 2/3 of VTE cases, while the 
remaining third predominantly present with PE. Although 
DVT is classically associated with hospitalized patients, 
about two thirds of cases actually occur in outpatients (1).  
Risk factors include genetic thrombophilia, age and 
hypercoagulable states such as malignancy, and transient 
factors such as medications, immobilization, hospitalization, 
travel and trauma (1,2). In many cases, these factors interact 
and may have a multiplicative effect and can increase the 
rate of mortality. Although much work has been done to 
identify and calculate risks of DVT, a large number (up to 
20%) of DVT cases are considered idiopathic, with no clear 
risk factor identified. As such, DVT is particularly difficult 
to predict and prevent. 

While estimates of associated healthcare costs vary 
greatly, direct costs from VTE in the US are astronomical, 
and may be as high as $10 billion annually (1). There are 
many long-term consequences and indirect costs of VTE 
as well. About one third of patients with VTE will have 
a recurrence within 10 years (1,3). In addition, one third 
to one half of DVT patients will develop chronic venous 
insufficiency and post-thrombotic syndrome (PTS) (1,2,4). 
PTS often has a detrimental effect on quality of life. More 
than 50% of patients are of working age, making long term 
disability particularly costly (5). A recent CDC study found 
that patients with DVT had 80% higher risk of work-
related disability than those without DVT (6).

The PTS and iliofemoral DVT (IFDVT)

Even after DVT is identified and treated with anticoagulation, 
permanent damage to the involved venous system often 
occurs due to inflammation that leads to valvular scarring 
and venous wall thickening. The damage becomes clinically 

evident when it affects valvular function, which promotes 
venous reflux and chronic venous hypertension (congestion). 
The PTS is  a  chronic debil i tat ing cl inical  entity 
characterized by a spectrum of disease severity from chronic 
leg swelling and pain, to skin changes, claudication, and in 
severe cases ulceration. PTS symptoms can be confused 
with or exacerbated by comorbid conditions, which can 
include congestive heart failure, lymphedema, obesity, 
diabetes, and peripheral vascular disease (7).

The Villalta grading scale has been devised to standardize 
the scoring of PTS. Factors including pain, edema, 
induration, changes in skin color, and venous ectasia are 
scored from 0 to 3 (a higher score indicates a greater degree 
of severity). A total score above 5 predicts the presence of 
PTS (8). PTS is the principle determinant of disability and 
quality of life following DVT (5). One study found that 
quality of life in PTS is poorer than in many other chronic 
conditions such as diabetes and arthritis, and is in some 
cases as debilitating as angina, congestive heart failure, and 
cancer (5). 

PTS is a particularly common outcome following 
IFDVT which is defined as involvement of the iliac veins 
or common femoral vein with or without concomitant 
distal DVT. This increased rate of PTS may be due to the 
inability to form collateral veins around the obstructed 
segment. IFDVT contrasts from distal (infrainguinal) DVT, 
where alternative venous drainage pathways in the leg can 
shunt blood past an occlusion in the form of collateralized 
vessels. 

Prior IFDVT has been shown to lead to chronic venous 
claudication symptoms and to marked impairments in 
quality of life (9). One study found that IFDVT was 
the strongest predictor of PTS, more-so than recurrent 
ipsilateral DVT (8). IFDVT was also the strongest 
predictor of recurrent DVT. As will be discussed below, 
many innovative treatments for DVT aimed at reducing the 
risk of PTS are focused selectively on treating the subset of 
DVT patients with IFDVT. 

The anticoagulation paradigm

The standard medical treatment for VTE is a 3 to 6 months 
course of oral anticoagulation therapy. Oral anticoagulation 
does not dissolve the thrombus; however, it prevents further 
thrombus propagation and reduces risk of recurrent VTE. 
As anticoagulation does not remove the clot, it does not 
prevent the sequela of post-thrombotic changes such as 
valvular damage and venous insufficiency, and the incidence 
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of PTS after 6 months of anticoagulation therapy remains 
between 40% and 60% (5,10). 

Even after treatment with anticoagulation, patients 
remain predisposed to recurrent DVT, and have a much 
higher risk of recurrent DVT compared to new onset 
DVT (3). The high recurrence rate is likely due to residual 
thrombus following treatment (11,12). Recent human and 
animal studies have identified previously-unrecognized 
biochemical components of thrombi that likely contribute 
to treatment resistance and recurrence (13,14). Novel 
platforms for 3D cellular culture are being utilized to study 
aspects of thrombosis and thrombolysis in vivo (15).

Recurrence after treatment is particularly likely in 
patients with malignancy, and in patients with “unprovoked” 
DVT (i.e., without precipitating risk factors). Some data 
suggests a 50-time higher relative risk for developing 
DVT following an unprovoked DVT compared to patients 
without previous DVT (16). Certain patients may require 
indefinite continuation of anticoagulation, or so-called “long 
term” anticoagulation, when the risk of recurrent DVT 
is very high. This regimen varies significantly in clinical 
practice and requires complex medical decision making to 
assess and balance the risks and benefits of anticoagulation 
versus VTE. 

It is estimated that the risk for major bleeding with 
anticoagulation is 1–4% per year, and the risk for intracranial 
bleeding is 0.25–1.5% (17,18). Major bleeding includes bleeds 
that are intracranial, require hospitalization, necessitate 
transfusion, or result in a drop in hemoglobin more than 
2 g/L, according to the HAS-BLED scoring system for 
determining the risk of bleeding on anticoagulation. There 
are several scoring systems available to determine a patient’s 
risk for bleeding, including the RIETE score, which was 
specifically developed for use in VTE patients (18). 

Currently the role of inferior vena cava (IVC) filters 
in the management of venous thrombosis remains 
controversial and in constant development due to the risk of 
significant complications and unclear long-term advantages. 
Furthermore, low retrieval rates with irregular AC can 
lead to poor outcomes with high rates of IVC thrombosis. 
However, in select patients it is reasonable to place an IVC 
filter, understanding that it does not prevent or treat DVT 
but reduces the risk of pulmonary embolism. IVC filters 
can be useful in some patients with recurrent VTE despite 
anticoagulation, contraindications to anticoagulation, or 
complications from anticoagulation (19). 

The use of elastic compression stockings for prevention 
of PTS remains controversial. Current guidelines from 

the American Academy of Chest Physicians recommend 
compression stockings for 2 years following DVT for 
prevention of PTS. However, the evidence for these 
recommendations is relatively limited and has been called 
into question by a subsequent multicenter, randomized, 
placebo-controlled trial involving 803 patients (SOX trial). 
The SOX trial found no evidence of benefit for prevention 
of PTS, quality of life, and recurrent DVT (20). As such, 
compression stockings are likely of little benefit in routine 
use for PTS prevention, but may be a reasonable option as 
a trial for certain patients, particularly with symptomatic 
edema or PTS (21). 

Thrombectomy and thrombolysis

Surgical thrombectomy is used in cases of VTE involving 
limb or life threatening emergencies such as massive 
pulmonary embolism, and is not routinely used for lower 
extremity DVT treatment. However, multiple studies have 
demonstrated the benefits of thrombectomy for preventing 
long-term sequelae of DVT. Patients randomized to 
thrombectomy plus anticoagulation were found to have 
improved venous patency on follow-up and significantly 
fewer symptoms of PTS than patients who received 
anticoagulation alone. Furthermore, the benefits persisted 
up to 10 years following surgery (22,23). 

An alternative to thrombectomy is systemic thrombolysis, 
which involves intravenous injection of an agent that 
lyses (dissolves) clots. Typical agents are analogs of tissue 
plasminogen activator (tPA). Thrombolysis offers distinct 
advantages over anticoagulation in that it actively breaks 
down clot. By contrast, anticoagulation merely prevents 
the growth of pre-existing clot and protects against new 
thrombosis. As such, intravenous tPA alone is more effective 
than heparin at restoring venous patency after DVT (24,25). 
Importantly, thrombolysis was found to reduce PTS by at 
least one third compared to anticoagulation alone (26). 

The major disadvantage of systemic thrombolysis is 
the increased risk of serious bleeding complications, with 
intracranial hemorrhage carrying the highest mortality. 
Intravenous tPA carries a 3–6% risk of intracranial 
hemorrhage (27,28). Because of this risk, IV tPA is 
contraindicated for treatment of the vast majority of DVT’s. 
A 2014 Cochrane review of 17 studies encompassing a 
total of 1,103 patients, found that patients who received 
thrombolytics for a DVT experienced significantly more 
bleeding complications than with anticoagulation, although 
the absolute difference was small (10% vs. 8%). Most 
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bleeding events in the review occurred in earlier studies that 
administered intravenous (systemic) thrombolytics (26). 

The catheter-directed approach

Catheter-based endovascular techniques have revolutionized 
therapeutic options for DVT by altering the risk-benefit 
ratio of intervention. Various methods now exist including 
catheter directed thrombolysis (CDT), pharmacomechanical 
CDT (PCDT), and percutaneous mechanical thrombectomy 
(PMT). CDT involves percutaneous introduction of a 
catheter into the venous system with subsequent fluoroscopic 
guidance to the target vessel and prolonged infusion of a 
thrombolytic agent such as tPA directly into the thrombus. 
The catheter is left in place and the infusion usually continues 
for at least 24 hours. 

CDT reduces the total dose of thrombolytic required 
and minimizes systemic drug exposure (thereby reducing 
the risk of systemic bleeding), while optimizing exposure of 
the lytic agent to the clot. With systemic thrombolysis, by 
comparison, drug is delivered only to the exposed surfaces 
at the periphery of the thrombus. Often, collaterals form 
around the occlusion which serves as a hemodynamic bypass 
and further limits tPA delivery to the thrombus. 

Because CDT directly bathes the thrombus with 
lytic agent, it requires relatively low doses of tPA (about  
0.01 mg/kg/h) ,  usual ly  ranging between 0.5 and  
1 mg/h (12). Conversely, systemically delivered tPA (in the 
setting of acute ischemic stroke) usually involves a single 
dose of 50–100 mg (0.9 mg/kg) infused over an hour. 
The absolute risk of intracranial bleeding following CDT 
remains unknown, but it seems to be quite rare (26). A 
pooled analysis of 19 studies found a range of reported rates 
of 0–1% for intracranial bleeding following CDT (29),  
whereas the rate is  approximately 3–6% with IV 
(systemic) tPA (27,28), and from 0.25–1.5% with standard 
anticoagulation (17,18).

Multiple studies have demonstrated that CDT is effective 
at restoring venous patency and reducing symptoms in 
the setting of acute DVT (26,30). As was demonstrated 
with thrombectomy and systemic thrombolysis, CDT is 
also particularly useful in the prevention of PTS and more 
effective than anticoagulation alone. In fact, PTS risk is 
directly correlated with the amount of thrombus remaining 
at the end of CDT treatment. If 90% or more of the 
thrombus is removed, patients appear to have negligible 
risk for PTS (31). CDT also reduces risk of recurrent DVT. 
Like PTS, a relationship between residual post-procedure 

thrombus load and risk of DVT recurrence has been 
demonstrated in several studies (32,33). 

CDT has also been shown to improve quality of 
life in IFDVT patients compared to those who receive 
anticoagulation alone (31). These long-term benefits 
have the potential to reduce hospital re-admissions, cost 
of treatment for recurrent DVT, and worker disability 
associated with PTS. As such, while CDT is relatively costly, 
it may still prove to be a cost-effective adjunct to traditional 
anticoagulation (34). Risk reduction appears greatest if the 
procedure is done in the acute or early subacute phases 
before the clot undergoes chronic transformation and 
valvular damage ensues, usually within the first 2–3 weeks 
following onset of DVT symptoms (12,29).

Although CDT is also effective for restoring venous 
patency after acute popliteal and infra-inguinal DVT, 
long-term patency rates are lower than with IFDVT. 
These patients also have a lower risk of developing PTS 
compared to IFDVT patients (29). Consequently, the risk-
benefit ratio for CDT is different with DVT involving 
the infrainguinal vessels, and these patients may be better 
suited for traditional treatment with anticoagulation and 
compression stockings for prevention of PTS. CDT may 
be a reasonable option for infrainguinal DVT if symptoms 
are acute and very severe, particularly in the setting of limb 
ischemia (cerulean dolens). 

The main complication of CDT is bleeding. Significant 
bleeds are usually confined to the site of venous puncture, 
and intracranial bleeding is rare (26). Attentive clinical 
observation during CDT is necessary and should limit 
most potentially significant sequelae of venous access site 
bleeds (29). Although there were initial theoretical concerns 
of CDT increasing the risk of PE due to clot disruption, 
this has not been demonstrated in the current literature, 
and concomitant placement of an IVC filter is generally 
considered unnecessary (26,29). It is possible that the 
circulating thrombolytic agent may have a therapeutic effect 
for PE that balances the potential risk of mechanical clot 
disruption during CDT. 

Although observational data is robust, to date there 
have been only a few randomized clinical trials of CDT. All 
studies involve patients with IFDVT and compare CDT 
plus anticoagulation to anticoagulation alone. In an early 
study from 2002, a relatively small cohort of 35 patients 
were randomized to the aforementioned groups to assess 
short-term outcomes by performing ultrasound after 6 
months for clot burden and evidence of venous reflux (35). 
After thrombolysis, patency rates were significantly higher 
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(72% vs. 12%, P<0.001) and venous reflux was significantly 
lower (11% vs. 41%, P=0.04). 

In 2012, a much larger randomized landmark prospective 
trial (CaVenT) carried out by Enden et al. in Norway 
involving 209 patients’ assessed long-term outcomes after 
CDT, with PTS as a primary outcome (36). After 2 years, 
CDT had an absolute risk reduction for PTS of 14.4% 
(41.1% vs. 55.6% incidence, P=0.047). At 5-year follow-
up, the absolute risk reduction had grown to 28% (43% vs.  
71%, P<0.001), equating to a number needed to treat of 
four (37). Five CDT patients (3%) experienced major 
bleeding as an immediate complication. No CDT patients 
experienced PE and there were no intracranial bleeds. Since 
publication, several authors have illuminated factors in the 
design of the CaVenT trial that may have led to suboptimal 
outcomes. Enden et al. have also corroborated these 
comments. For instance, it was criticized that patients were 
not stratified optimally, as patients with more extensive 
DVT and pelvic involvement and concomitant PTS were 
allocated to CDT groups. In addition, an older drug-only 
form of CDT technique was chosen, whereas most current 
approaches favor a combination of CDT with adjunctive 
mechanical clot removal/disruption (29,37-40). 

The ATTRACT trial (41) is a promising multicenter 
NIH-funded study which is the largest to date and will 
further define the risks and long-term benefits of CDT. The 
study is nearing completion and has completed its intake of 
patients with publication expected in early 2017. The trial 
includes 692 patients randomized to anticoagulation alone 
or to CDT plus anticoagulation. PTS incidence at 2 years is 
a primary outcome. The trial will also stratify patients based 
on anatomical location of clot and more clearly define which 
patients benefit from CDT. Safety, cost-effectiveness, and 
quality of life are secondary outcomes. Of note, ATTRACT 
will utilize so-called PCDT which involves additional usage 
of PMT at the time of catheter placement. 

PCDT is a growing technology with multiple types of 
innovate devices now available to the interventionalist. The 
Trellis (Covidien, CA, USA) is a modified rotational device 
that uses an oscillating sinusoidal wire with ports for tPA 
administration between two balloons that isolate the target 
vascular segment. The Trellis device is no longer available in 
the USA. The AngioJet (Possis, MN, USA) has two modes. 
The first is the “pulse-spray” mode where thrombolytic can 
be sprayed directly into the thrombus. The second is the 
thrombectomy mode which uses a high-pressure saline jet 
followed by aspiration of the thrombus (so-called rheolytic 
thrombectomy). The EKOS device (EKOS, WA, USA) emits 
high frequency, low energy ultrasound waves to assist lysis, 
thereby potentially minimizing vascular damage (see Figure 1). 

PMT devices can also be used without a thrombolytic 
agent (42). This may be useful in a patient with a 
contraindication to lytic therapy. Rotational devices (Amplatz, 
Microvena, MN, USA) were the first on the market and use 
a high velocity rotating helix to macerate the thrombus. The 
AngioVac Cannula (AngioDynamics, Latham, NY, USA) 
is a vacuum-assisted thrombectomy device and although 
primarily designed for large vessel (such as IVC, pulmonary 
artery, and femoral vein) thrombus removal, it is potentially 
also an attractive option. Extracorporeal filtration of 
thrombus from venous blood occurs while filtered blood is 
re-infused at an alternative anatomical site (43). 

Evidence suggests that PMT as a standalone therapy 
(i.e., without thrombolysis) has lower long-term patency 
rates and higher risk of PE compared to CDT (44). On 
the other hand, early trials and observational data suggest 
that PCDT (MT plus CDT) has similar efficacy to CDT 
but with the potential to reduce treatment time, shorten 
hospital stays, and reduce total thrombolytic dose (45-47). 
Randomized prospective clinical trials of PCDT are lacking,  
however (48). A recently published Cochrane review found 

Figure 1 Thrombosis of the left common iliac vein treated with 
PCDT and stenting. (A) An EKOS catheter was positioned over 
the thrombus and left in place for overnight infusion of tPA. The 
EKOS augments thrombolysis with ultrasonic disruption of clot 
architecture; (B) AngioJet mechanical thrombectomy performed 
for removal of residual thrombus, followed by balloon angioplasty 
and stent placement. PCDT, pharmacomechanical catheter-
directed thrombolysis; tPA, tissue plasminogen activator.

A B
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no randomized clinical trials on PCDT that met inclusion 
criteria for the study (49). It remains unknown whether 
PCDT increases risk for PE in the short-term, and whether 
temporary IVC filter placement is indicated (29). Future 
studies like ATTRACT will shed light on the long-term 
outcomes, safety, and cost-effectiveness of PCDT. 

CDT guidelines and practice considerations

Treatment of DVT poses a variety of challenges for 
physicians. Disease is subcategorized based on the location, 
chronicity, and burden of thrombus. Individualization of 
patient care is becoming standard, and clinical risks and 
rewards have become nuanced with the emergence of 
outcomes data on various patient subgroups. In addition, 
therapeutic options have become increasingly more diverse 
and sophisticated over time. As a result, balancing this 
information to make the best decision for the patient 
involves application of an increasingly complicated formula. 

In the case of CDT, this involves balancing the risks and 
costs of intervention with the benefits of reducing PTS and 
recurrent DVT. Because of the long-term benefits of CDT, 
it is likely to be most beneficial in younger patients with 
long life expectancy, low comorbidity, and with a severity of 
thrombus that puts them at the highest risk for recurrence 
and/or PTS, such as those with IFDVT. 

Three medical societies offer guidelines for the use of CDT 
in the setting of DVT. All guidelines recommend CDT only as 
an adjunct to anticoagulation rather than stand-alone therapy. 

The American College of Chest Physicians (CHEST) 
acknowledges most of the likely benefits of CDT but states 
that the risk and benefits are still uncertain due to limited 
evidence. As such, CHEST recommends anticoagulation 
therapy alone over CDT for patients with acute proximal 
DVT of the leg (50). It qualifies this recommendation by 
stating that patients who attach a high value to prevention of 
PTS and lower value to the costs of the procedure and risk 
of bleeding are likely to choose CDT over anticoagulation. 

The American Heart Association (AHA) recommends 
CDT for first-line treatment of carefully selected 
patients with acute IFDVT (<21 days within onset of 
symptoms), limb-threatening compromise, and/or rapid 
thrombus extension or symptomatic progression despite 
anticoagulation (51). 

The Society of Interventional Radiology (SIR) recommends 
CDT for: (I) acute IFDVT in ambulatory patients with low 
bleeding risk and long life expectancy; (II) highly symptomatic 
subacute and chronic IFDVT; (III) acute or subacute IVC 

thrombosis; (IV) limb-threatening conditions such as 
phlegmasia cerulea dolens. SIR states that CDT may also be 
indicated for a subset of patients with acute femoropopliteal 
DVT, although the threshold for treatment should be higher 
than with IFDVT. Absolute contraindications include active 
internal bleeding and recent (<3 months) stroke, neurosurgery 
or intracranial trauma. Relative contraindications include 
recent CPR, GI bleed, major surgery or trauma, intracranial 
tumor, thrombocytopenia, uncontrolled hypertension  
(SBP >180 mmHg), and suspicion of infected thrombus (29).

CDT should be performed by skilled practitioners with 
training in endovascular techniques. Common venous 
access sites include the popliteal, jugular, femoral, and tibial 
veins. Ultrasound guidance during percutaneous access is 
recommended to preserve the integrity of the access site 
and minimize bleeding risk. Using fluoroscopic guidance, 
the entire thrombus-containing venous segment should be 
targeted with a multi-side-hole catheter. Slow continuous 
infusion of a thrombolytic agent should then occur under 
close clinical monitoring. 

Typically, patient monitoring should occur in an ICU or 
step-down unit where frequent assessment can occur by a 
trained nursing staff. The SIR recommends concomitant 
administration of unfractionated heparin during treatment, 
although it remains unclear whether therapeutic Xa levels 
are necessary. Serial monitoring of hematocrit levels and 
coagulation labs every 6 to 8 hours is recommended. 
Follow-up venograms are obtained every 8 to 24 hours to 
assess for residual thrombus and allow for repositioning of 
the catheter if necessary (29).

Adjunctive PMT techniques, balloon angioplasty, and 
stenting are useful in some patients and should be done 
at the discretion of the internationalist. Stenting may 
be particularly useful in patients with venous stenosis or 
with anatomic risk factors for clot formation such as in 
May-Thurner syndrome (12,29,44,52,53) (see Figure 2).  
Randomized trials are needed to evaluate the safety and 
efficacy of these procedures in the setting of first-line 
therapy for proximal DVT. Newer CDT catheters such as 
the EKOS device (EKOS, WA, USA) utilize ultrasound 
technology to disaggregate fibrin strands and facilitate 
thrombolysis. One study showed a 40% reduction in 
treatment time and 50–70% reduction in thrombolytic 
dosing using ultrasound-accelerated thrombolysis (54). 

Conclusions

Catheter-directed thrombolysis (CDT) involves percutaneous 



S234 Fleck et al. CDT of DVT

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2017;7(Suppl 3):S228-S237cdt.amegroups.com

placement of a catheter into a thrombosed vein with 
subsequent prolonged infusion of a thrombolytic agent 
directly into the targeted segment of clot. CDT has 
been shown to improve quality of life following DVT by 
preventing valvular damage and reducing long-term sequela 
of PTS. CDT also reduces risk of recurrent DVT more 
than anticoagulation alone. In carefully selected patients, 
CDT may prove to be a cost-effective adjunct to traditional 
anticoagulation. Patients with acute IFDVT and long life 
expectancy are particularly likely to benefit. As such, the 
SIR and AHA recommend CDT as first-line adjunctive 
therapy for acute IFDVT. 

The main complication of CDT is bleeding, of which the 

majority is confined to the venous access site. Close clinical 
monitoring is necessary during CDT treatment to minimize 
risk to the patient. Intracranial bleeding is rare (<1%) but 
is a potentially lethal complication. There is no evidence 
to suggest increased risk of PE following CDT when 
compared to anticoagulation alone. Prospective randomized 
trials are limited and are needed to further validate CDT’s 
utility and assess its rate of complications. 

PCDT involves adjunctive PMT combined with 
CDT, which has the potential to reduce treatment time 
and associated costs of therapy. PCDT may also reduce 
bleeding risk in some situations by lowering the required 
dosage of thrombolytic. Many novel PCDT devices have 

Figure 2 PCDT with angioplasty and stenting. (A) Extensive DVT extending from the left popliteal vein to the common iliac vein; (B) 
pulse-spray thrombolysis was performed with 0.1 mg/mL tPA preparation. A temporary IVC filter was placed prior to the procedure; (C,D) 
mechanical thrombectomy with the AngioJet catheter followed by balloon angioplasty and deployment of several self-expanding stents. PCDT, 
pharmacomechanical catheter-directed thrombolysis; DVT, deep vein thrombosis; tPA, tissue plasminogen activator; IVC, inferior vena cava.
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been developed and await validation with clinical trials. 
ATTRACT is one such trial that is nearing publication 
and should serve to further validate the efficacy and safety 
of PCDT. Studies that compare the outcomes of available 
CDT and PCDT techniques will be useful in guiding 
clinical practice. Future studies should also examine the 
cost-effectiveness of CDT for PTS prevention, particularly 
with respect to quality-adjusted life years.
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