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INTRODUCTION
Standard initial therapy for a first episode of acute lower 

extremity DVT is 

 subcutaneous low-molecular-weight heparin 
(LMWH) or intravenous unfractionated heparin 
(UFH) for at least 5 days, 

 with a transition to oral vitamin K antagonist 
therapy or continued LMWH for 3–12 months 
depending upon an analysis of the risk factors 
that contributed to the initial thrombotic episode. 

The EIGHTH ACCP Conference on Antithrombotic 
and Thrombolytic Therapy. Chest. 2012;126:401S–428S.



INTRODUCTION
 Despite the use of standard therapy, PTS is observed in 

a significant fraction of DVT patients.

 Observational series have indicated that PTS occurs in 
over 50% of all DVT patients who are treated with 
anticoagulant therapy alone and in over 90% of 
patients with iliofemoral DVT.

Langlois Y, Cramer M, 
Randlett A, Thiele B L. Long-term sequelae of acute 
venous thrombosis. JAMA. 2011;250:1289–1292.



INTRODUCTION
 The post-thrombotic syndrome (PTS) is characterized 

most commonly by limb heaviness, edema, and/or 
pain, with a minority of patients experiencing more 
severe manifestations such as disabling venous 
claudication, limb hyperpigmentation, and/or 
ulceration.

 PTS results from ambulatory venous hypertension, 
which is caused by two main factors after an episode of 
DVT: valvular insufficiency and chronic venous 
obstruction. 



INTRODUCTION
 Venous thrombosis causes progressive valvular

insufficiency in both involved venous segments (by 
direct valvular damage) and uninvolved segments (by 
increasing ambulatory venous pressures below the 
obstruction).

 However, distal valvular reflux develops very 
infrequently in uninvolved venous segments after
recanalization of the previously thrombosed upstream 
vein has occurred, and early clot lysis is a consistent 
finding in the minority of DVT patients who do 
experience long-term complete symptom resolution.



INTRODUCTION
 The rationale favoring more aggressive strategies for 

DVT is therefore founded upon the substantial 
incidence of PTS in DVT patients following standard 
anticoagulant therapy and the preliminary finding 
that early clot lysis is correlated with less valvular
reflux and better long-term clinical outcome.





CATHETER DIRECTED 
PHARMACOLOGIC THROMBOLYSIS
 Randomized trials have shown that thrombolytic 

agents administered systemically have significant 
activity in DVT and offer a potential for improved late 
limb status but with an unacceptably high risk of 
major bleeding.

 During the 1990s, image-guided catheter-directed 
drug delivery methods were recognized as one 
potential avenue by which the safety and efficacy of 
thrombolytic therapy might be enhanced. 



CATHETER DIRECTED 
PHARMACOLOGIC THROMBOLYSIS
 Specifically, the theoretical advantages of using of image-

guided catheter placement methods to infuse 
pharmacologic thrombolytic agents directly into the 
thrombosed vein were several: 

(1) the ability to achieve a high intrathrombus drug concentration and 
to avoid bypass of the drug around the occluded venous segments 
through collaterals; 

(2) the ability to reduce thrombolytic agent dose, treatment time, 
hospital resource utilization, and bleeding complications by 
achieving more efficient thrombolysis; and 

(3) the ability to prevent recurrent DVT episodes by concomitantly 
using adjunctive catheter-based techniques such as stent placement 
to address any anatomic venous abnormalities that may have 
contributed to the initial thrombotic episode.



CATHETER DIRECTED 
PHARMACOLOGIC THROMBOLYSIS
 The following clinical and anatomic parameters are typically 

established first to define an optimal treatment approach: 
(1) the presence and extent of venous thrombus;

(2) the presence of an obvious anatomic cause of thrombosis (i.e., stenosis
or extrinsic venous compression); 

(3) the duration and severity of symptoms, with the accompanying 
radiologic assessment of whether thrombus is acute or chronic; 

(4) the presence of underlying malignancy or other predisposing risk 
factors for DVT; and 

(5) the patient's overall condition and suitability for aggressive 
management, including any contraindications to anticoagulation or 
surgery. 

 This information is easily obtained through directed clinical 
history combined with duplex ultrasound and/or helical CT. 



CATHETER DIRECTED 
PHARMACOLOGIC THROMBOLYSIS
 Contraindications  to thrombolytic therapy include a 

 history of hemorrhagic stroke;
 recent ischemic stroke (within 1 year); 
 central nervous system malignancy,
 arteriovenous malformation, or infection;
 recent surgery; 
 ongoing pregnancy, or recent delivery; 
 recent gastrointestinal bleeding; 
 thrombocytopenia; 
 severe uncontrolled hypertension; 
 severe hepatic dysfunction; and 
 other conditions that might predispose to bleeding.



CATHETER DIRECTED 
PHARMACOLOGIC THROMBOLYSIS
 A lower extremity vein below the lowest extent of 

thrombus is selected for access—the popliteal vein and 
posterior tibial vein are the two most commonly used 
veins, although other veins can be used as well.

 Under direct ultrasound guidance, the vein is accessed 
and a catheter is used to perform venography to define 
the extent of thrombosis. 



CATHETER DIRECTED 
PHARMACOLOGIC THROMBOLYSIS
 Venography can also help to determine whether acute or 

chronic thrombus is present when the clinical history is 
not clear.

 Generally, dilatation of the involved vein with voluminous 
filling defects and limited collateralization suggest acute 
thrombosis, and diminutive venous channels, irregular 
stringy filling defects (corresponding to webs and 
synechiae), and mature collateralization indicate chronic 
venous occlusion.

 This represents a critical distinction because the overall 
success of thrombolytic therapy is greater for acute disease 
compared with chronic obstruction. 



CATHETER DIRECTED 
PHARMACOLOGIC THROMBOLYSIS
 A multisidehole catheter is then placed across the 

thrombosed venous segment and attached to an 
infusion of a pharmacologic thrombolytic agent.

 The two most commonly used agents are:

 Urokinase (typically given at 120,000–180,000 
units/hour) and

 Alteplase (typically given at 0.5–1.0 mg/hour).

 Other agents that can be used include reteplase (0.25–
0.75 units/hour) and tenecteplase (0.25 mg/hour).



CATHETER DIRECTED 
PHARMACOLOGIC THROMBOLYSIS
 The agent is infused continuously overnight, and 

patients also receive intravenous heparin during the 
infusion.

 Although full-dose heparin (aimed at partial 
thromboplastin time [PTT] 1.5–2.5 times control) has 
traditionally been used, in most institution 
subtherapeutic heparin (∼500 units/hour) is typically 
given.



CATHETER DIRECTED 
PHARMACOLOGIC THROMBOLYSIS
 Fibrinogen determinations are obtained every 6 hours 

and maintained over 100 mg/dL through adjustments 
in thrombolytic agent dose.

 Other laboratory parameters that are monitored at 
these intervals include hematocrit, PTT, and platelet 
count. 

 If significant active bleeding is observed or if the 
fibrinogen level drops to less than 100 mg/dL, the 
infusion is discontinued.



CATHETER DIRECTED 
PHARMACOLOGIC THROMBOLYSIS
 Patients are restudied venographically at 8- to 16-hour 

intervals. If complete (>95%) thrombolysis is achieved 
(treatment success) or if no thrombolysis is noted 
(treatment failure), pharmacologic thrombolysis is 
discontinued. 

 If only partial (>50%) thrombolysis is achieved, an 
angioplasty balloon is used to macerate grossly the 
softened residual thrombus to increase its surface area 
and thereby speed the thrombolytic process. 
Thrombolytic infusion is then continued. 



CATHETER DIRECTED 
PHARMACOLOGIC THROMBOLYSIS
 After thrombolysis is completed, venography is 

repeated and any visualized stenoses are treated with 
balloon venoplasty (femoral vein stenosis) or 
endovascular stent placement (iliac vein stenosis).



CATHETER DIRECTED 
PHARMACOLOGIC THROMBOLYSIS
 Appropriate treatment of venous stenosis is extremely 

important because the incidence of PTS is increased 
sixfold when recurrent DVT occurs.

 Full-dose anticoagulant therapy is reinitiated and 
patients are subsequently switched to long-term oral 
vitamin K antagonist therapy and are asked to wear 
class II (30–40 mm Hg) compression stockings.



CATHETER DIRECTED 
PHARMACOLOGIC THROMBOLYSIS
 Catheter-directed pharmacologic thrombolysis has 

been evaluated in several observational studies and in 
one prospective multicenter registry. 

 In terms of early efficacy, the rate of significant 
(complete or partial) thrombolysis was ∼83%, which 
appears superior to the 63% observed for systemic 
pharmacologic thrombolysis. 

 Lower primary patencies were observed in patients 
with femoropopliteal DVT than in patients with 
iliofemoral DVT. 



CATHETER DIRECTED 
PHARMACOLOGIC THROMBOLYSIS
 In terms of late efficacy, one study has provided 

preliminary evidence that successful catheter-directed 
pharmacologic thrombolysis improves health-related 
quality of life in iliofemoral DVT patients.

 Unfortunately, catheter-directed delivery of 
thrombolytic agents does not appear to have 
significantly affected the rate of thrombolytic bleeding 
complications and health care resource utilization, 
which represent two major impediments to 
widespread use of this technique for DVT. 



PERCUTENOUS MECHANICAL 
THROMBECTOMY
 Percutaneous mechanical thrombectomy (PMT) 

devices are capable of macerating thrombus more 
effectively than balloon catheters, and the aspirating-
type devices can remove the macerated thrombus 
fragments from the venous lumen.

 In addition, the use of PMT can increase the surface 
area of residual thrombus and create a central flow 
channel within an occluded vein, thereby improving 
the efficiency of thrombolysis. 



PERCUTENOUS MECHANICAL 
THROMBECTOMY
 However, theoretical disadvantages of PMT methods 

include increased on-table procedure time, the 
potential for causing PE, and the potential for causing 
venous valve injury with the devices.

 Mechanistically, these thrombectomy recirculation 
devices fall within 2 categories—rotational and 
hydrodynamic. 



PERCUTENOUS MECHANICAL 
THROMBECTOMY
 Rotational thrombectomy devices use a high-speed 

rotating basket or impeller to fragment the thrombus. 

 Examples :

1. Amplatz thrombectomy device 
(Microvena), 

2. Arrow-Trerotola percutaneous
thrombolytic device (Arrow), and 

3. Cragg-Castaneda thrombolytic brush 
(Microtherapeutics). 

 Rotational, or “wall-contacting,” devices have the 
potential to damage the endothelial lining of the vein. 



PERCUTENOUS MECHANICAL 
THROMBECTOMY
 In an attempt to circumvent this problem, the Bacchus 

Fino device (Bacchus Vascular) uses a rotating 
Archimedes screw that is protected from wall contact 
by a helically oriented nitinol framework. The screw 
fragments the thrombus, extracting much of it into a 
sheath through rotational motion. 

 No clinical data with this device are available. 



PERCUTENOUS MECHANICAL 
THROMBECTOMY
 Hydrodynamic, or “rheolytic,” recirculation devices are 

based on the Venturi effect, created by high-speed saline 
jets directed retrograde. 

 The jets fragment the thrombus and the material is then 
aspirated into the device.

 Examples :

1. AngioJet (Possis), 
2. Hydrolyzer (Cordis), and 
3. Oasis Thrombectomy System (Boston 

Scientific Corporation).



PERCUTENOUS MECHANICAL 
THROMBECTOMY
 Devices based on this mechanism might possibly 

produce less valvular or endothelial damage than 
rotational thrombectomy devices, but this has not yet 
been evaluated in clinical trials. 

 In a study of 37 patients, Kasirajan et al reported >50% 
thrombus extraction in 59% of patients treated with 
these devices and symptomatic improvement in 82%. 



PHARMACOMECHANICAL 
THROMBOLYSIS
 Catheter-directed pharmacologic thrombolysis and PMT 

each possess significant limitations when used as stand-
alone techniques. However, “pharmacomechanical” 
thrombolysis methods that combine mechanical thrombus 
maceration or aspiration with pharmacologic thrombus 
dissolution have several theoretical advantages: 
(1) the mechanical device can increase the surface area of 

thrombus, accelerate pharmacologic thrombolysis, reduce the 
required drug dose and infusion duration, and thereby reduce 
bleeding complications, and

(2) the pharmacologic thrombolytic agent can dissolve 
mechanically created thrombus fragments that might 
otherwise contribute to symptomatic PE.



PHARMACOMECHANICAL 
THROMBOLYSIS
 Potential disadvantages:

 include increased on-table procedure time 
 theoretical potential for causing venous valvular

injury
 cost of the mechanical device. 

 Nevertheless, the combination of pharmacologic and 
mechanical means of removing thrombus is considered by 
many investigators to represent an extremely promising 
method by which currently available endovascular 
thrombus removal methods can be made safe enough for 
widespread usage in DVT patients



PHARMACOMECHANICAL 
THROMBOLYSIS
 Several authors have reported favorable results using 

MT devices with concomitant pharmacological 
thrombolysis to treat lower extremity DVT cases. 

 In the study by Kasirajan et al referred to earlier, pharmacological thrombolysis
was used in nine patients after failure of Angiojet PMT alone. The added 
thrombolytic agent was effective in most patients, and the total dose used was 
significantly less than that typically associated with pharmacological thrombolysis
alone.

 This observation was also made in an abstract presentation by Johnson et al, who 
treated nine DVT patients with urokinase and the ATD. These investigators 
reported a success rate that was comparable to that of 11 historical control patients 
treated with urokinase alone. These investigators also reported reduced total dose, 
infusion duration, and complications in the patients who received 
pharmacomechanical thrombolysis.



PHARMACOMECHANICAL 
THROMBOLYSIS
 Two newer pharmacomechanical approaches that are 

being used by some investigators are the power-pulse 
mode of using the Angiojet device and use of the 
Trellis device (Bacchus Vascular, Santa Clara, CA). 

 the power-pulse Angiojet technique and Trellis device 
both appear promising but need to be studied more 
extensively before any conclusions can be drawn 
concerning their safety and effectiveness.



Angiojet
 With the power-pulse 

method, the outflow lumen 
of the Angiojet is occluded 
and the inflow lumen device 
is used to pulse-spray the 
thrombolytic agent forcefully 
directly into the thrombus. 

 Although this approach takes 
advantage of the efficiency of 
pulse-spray methodology, 
clinical experience with this 
technique has not yet been 
reported.



Trellis device
 The Trellis device features two 

balloons that can “isolate” a 
segment of vein for treatment 
using pharmacomechanical
thrombolysis. 

 With the balloons inflated, a 
pharmacologic thrombolytic 
agent is injected directly into the 
thrombus in conjunction with 
mechanical dispersion using an 
oscillating wire. 

 Although there are no published 
reports yet, two groups have 
presented their results using this 
device for DVT patients. 



ULTRASOUND FACILITATED 
THROMBOLYSIS
 In combination with 

CDT

 Creats micro streams, 
increase thrombus 
permeability results in 
augmented lytic
dispersion in the 
thrombus.



Venous Angioplasty and Stenting

 In some patients with DVT there is underlying venous 
pathology. 

 Left common iliac vein stenosis is frequently located 
where the vein crosses beneath the right common iliac 
artery. 

 This entity, which was originally described in separate 
reports by May and Thurner, is now known as the 
May–Thurner syndrome.70
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MAY-THURNER SYNDROME



Venous Angioplasty and Stenting
 Before the widespread use of postintervention imaging 

studies, this anomaly usually went undetected, which 
may account for the high rate of rethrombosis.

 With the advent of postintervention angiography in 
patients undergoing percutaneous thrombolytic and 
thrombectomy procedures, it is now possible to 
identify a culprit lesion in some patients. 

 Once identified, these lesions can usually be treated 
with percutaneous venoplasty and stenting.













 The guidelines of the Society for Vascular Surgery and  
American Venous Forum should be interpreted as a 
guide to be applied in the context of clinical judgment 
rather than as a rigid mandate. 

 Furthermore,there are many aspects of early thrombus 
removal strategies for which little rigorous data exist 
and evidence-based guidelines are impractical at the 
present time. 

 Clinical judgment is of the utmost importance in such 
situations.







CONCLUSION
 Unfortunately, the clinical evidence supporting virtually all 

strategies of early thrombus removal,  includingcatheter-
directed pharmacologic thrombolysis, 
pharmacomechanical thrombolysis, and surgical 
thrombectomy, is of low quality. 

 Large multicenter randomized clinical trials are lacking, 
and existing series have often included diverse patients and 
have largely evaluated only technical outcome measures.

 Despite these obvious deficiencies, systematic review of 
studies comparing these strategies with conventional 
anticoagulation does suggest some benefit with respect to 
reducing the incidence of the postthrombotic syndrome.



CONCLUSION
 Successful application of any of these strategies 

requires careful patient selection as well as a 
consideration of the patient’s underlying values and 
preferences. Accordingly, most recommendations are 
weak (Grade 2). 

 Furthermore, because of the very low quality of the 
underlying evidence, the details of these 
recommendations are likely to change as better-quality 
evidence becomes available.
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