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A NEW PARADIGM IN

DVT MANAGEMENT
Presented by Mark W. Mewissen, MD

A
ccording to the 2004 ACCP Guidelines,1 the
standard of care for treatment of DVT is antico-
agulation. These guidelines, which are scheduled

to be revised in January 2008, include very little men-
tion of thrombus removal as a strategy for DVT treat-
ment. However, rapid thrombus removal in carefully
selected patients using current catheter-directed and
pharmacomechanical techniques have been demon-
strated in the literature and are increasingly being used
in today’s practices. 

GOAL S OF DVT THER APY
DVT of the lower extremity is recognized as a cause of

both pulmonary embolism (PE) and the postthrombotic
syndrome (PTS). Although anticoagulation is currently
considered the standard of care for the prevention of PE
and recurrent DVT, this form of therapy does not protect
the patient from the manifestation of PTS, which can
appear months to years after the acute episode of DVT.

Early thrombus removal is a logical approach to improve
the long-term outcome of iliofemoral DVT. Today, natural
history studies have shown that valve function is preserved
with rapid physiologic lysis,2 and clinical observations have
indicated that valve function is preserved with successful
lytic therapy.3 Currently available interventional treatment
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strategies include catheter-directed thrombolysis (CDT),
pharmacomechanical thrombolysis (PMT), and, rarely,
surgical thrombectomy. Strategies directed at early
thrombus removal are attractive because they can help
achieve restoration of the lumen and removal of the
thrombus lining the venous valves. Two goals may be
achieved: relief of venous outflow obstruction and preser-
vation of valve function, both of which are established
determinants of PTS.

Many patients with severe DVT, even when treated with
anticoagulation, will still experience PTS. The first manifes-
tations of PTS are pain and swelling of the lower extremity,
and these symptoms are often observed in younger
patients who are otherwise functional. In these patients,
PTS treatment, which consists of compression stockings
and leg elevation, is difficult due to their ambulatory needs.
A recent study by Delis et al looked at the long-term effect
of iliofemoral DVT on venous hemodynamics.4 The investi-
gators concluded that venous claudication occurs in almost
50% of patients with iliofemoral DVT, and it limits ambula-
tion in close to 20%. There is marked hemodynamic
impairment and significantly reduced quality of life, all
related to PTS.

LESSONS FROM THE NATIONAL VENOUS
REGISTRY

The DVT Lysis National Venous Registry, published in
1999, included 287 patients (303 limbs) treated at 63 aca-
demic and community centers.5 Although it was a large
registry that did not control for any inclusion variables,
one of the goals was to gain an understanding as to which
patients would likely benefit from aggressive therapy using

catheter-directed lytic
techniques. Overall,
thrombosis-free sur-
vival was observed in
60% of patients at 12
months. There was a
significant correlation
of thrombosis-free sur-
vival with the results of
initial therapy. Seventy-
nine percent of those
who had complete
thrombus resolution
had patent veins at 1
year, compared to 32%
of those who had
<50% of their throm-
bus dissolved. Notably,
in a subgroup of acute,
first-time iliofemoral

DVT patients who had successful thrombolysis, 96%
remained patent at 1 year. In addition to sustained paten-
cy, early success directly correlated with valve function at 6
months. Sixty-two percent of patients with <50% lysis had
venous valvular incompetence, whereas 72% of patients
who had complete lysis had normal valve function. 

Although the registry constitutes a relatively low level of
evidence-based medicine, it does indicate that there are
patients who would clearly benefit from early thrombus
removal using CDT or PMT. From these data, patients with
acute iliofemoral DVT of less than 2 weeks’ duration are
very likely to benefit from a strategy directed at early
thrombus removal.

CDT TECHNIQUES
The access technique we employ for CDT for patients

with symptomatic iliofemoral DVT depends on whether
there is popliteal vein thrombus involvement. If the
popliteal vein is thrombosed, we gain access into the pos-
terior tibial vein and also into the thrombosed popliteal
vein in order to have two long-infusion catheters in place
because we know that it is important to have the entire
thrombus load impregnated with lytic agent. If the
popliteal vein is not thrombosed, a popliteal stick under
ultrasound guidance with the patient prone can be per-
formed with relative ease. 

Our technique is demonstrated in the following case
study (Figure 1). A 45-year-old man presented with a 1-
week history of worsening pain and swelling of the left
lower extremity. Duplex study revealed DVT extending
from the popliteal vein to the common iliac vein. After
catheterization of the left posterior tibial vein at the ankle
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under ultrasound guidance (Figure 1A), the noninvasive
studies were confirmed at venography: There is thrombo-
sis of the popliteal vein (Figure 1B), superficial femoral vein
(Figure 1C), common femoral vein, and the external and
common iliac veins (Figure 1D). After placement of a mul-
tisidehole catheter via the posterior tibial vein, the throm-
bosed left popliteal vein was catheterized via direct fluo-
roscopy access (Figure 1E), to place a second infusion
catheter, therefore permeating the total thrombus length
via two overlapping infusing catheters. After administra-
tion of 4.8 million units of urokinase at a rate of 200,000
units per hour, evenly split between the two catheters,
complete lysis was demonstrated in all previously throm-
bosed veins (Figure 1F, G). The uncovered stenosis in the
proximal common iliac vein (Figure 1H) was successfully
treated with a self-expanding stent (Figure 1I). At 6-month
follow-up, the deep veins remain patent, and the patient is
asymptomatic.

This case is presented to highlight the importance of
catheter access when the ipsilateral popliteal vein is
thrombosed. To ensure that the entire thrombus burden
is permeated with urokinase, the posterior tibial vein is
punctured directly under ultrasound guidance. Via a 6-F
sheath, a long, 5-F multisidehole catheter is then
advanced to infuse the most proximal thrombus, usually
at the level of the tibioperoneal venous trunk. The patient
is then turned prone on the angiographic table to punc-
ture the thrombosed popliteal vein. This can be per-
formed with ultrasound guidance or by directly aiming
the micropuncture needle at the 5-F infusing catheter
inserted via the tibial vein. This “dual” tibial-popliteal
venous access technique will allow the entire thrombus
length to be infused, from the infrapopliteal veins to the
inferior vena cava, if indicated. 

Should extensive DVT be present with a patent
popliteal vein, a “dual” popliteal access can easily be per-
formed, accessing the popliteal vein with two sheaths and
therefore allowing placement of overlapping long infusing
catheters.

There are many unanswered questions related to CDT,
including which lytic agent works best, as well as the ideal
dosage and infusion rate and the role of heparin and GP
IIb/IIIa inhibitors. We must also determine what it will take
for the paradigm of DVT therapy to shift to an “interven-
tion-first” approach, and exactly which patients and
anatomical characteristics are most likely to be suitable for
intervention. The ideal uses of mechanical thrombectomy
devices and retrievable vena cava filters are also areas of
continuing study. However, as we continue to see favor-
able results with increasing clinical experience, efforts must
be made to help referring physicians become more aware
of these emerging treatment options. 

PREVENTING EMBOLIC

COMPLICATIONS OF DVT
Presented by Anthony C. Venbrux, MD

I
n addition to chronic venous stasis ulcers and PTS, one
of the most significant considerations in DVT patients
is the risk of embolic complications, most notably PE.

An estimated 140,000 to 200,000 people die in the US
each year due to PE. If untreated, the mortality rate of PE
is approximately 30%; however, if treated with anticoagu-
lation therapy, this number can fall to 8%. 

As detailed by Dr. Mewissen, an aggressive approach to
DVT therapy using CDT or PMT clot lysis and removal
can reduce thrombus-related complications in carefully
selected patients. As an adjunct to this therapeutic
option, many centers have begun placing vena cava filters
to prevent dislodged debris from embolizing both peri-
and postprocedurally. The concept of using a tethered fil-
ter to protect against venous thromboembolic disease
was first published in 1968,6 but the technology has come
a long way since that time, with several removable filters
having undergone clinical trials and receiving FDA
approval. 

In patients in whom filters have been placed, the report-
ed incidences of caval thrombosis vary from as low as 3%
to as high as 40% of patients. The reason for this wide dis-
crepancy is the relative lack of data available for these
patients, as well as the nature of the data that are available.
Many of the published series include all comers, and the
patients are not stratified according to their thrombotic
risk. The nature of thromboembolic disease likely varies
considerably across the numerous types of patients it can
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Figure 2. The OptEase retrievable filter (Cordis Endovascular,

a Johnson & Johnson company, Warren, NJ).



affect, such as young trauma patients and patients with
inherited defects, protein deficiencies, malignancies, etc. 

THE WINDOW OF VULNER ABILITY
In 1998, Decousus et al published a prospective, nonran-

domized study showing a definite trend suggesting that the
risk-benefit ratio associated with using vena cava filters
changes over time.7 In the acute setting of the first 12 days
after placement, there was no question that filters saved
lives. But at 2 years, patients with filters in place were experi-
encing an increased rate of thromboembolic events, such as
PE and recurrent DVT. The idea that permanent filter place-
ment could be associated with increased thromboembolic
risk led to the development of retrievable filters, which are
indicated for use in any patient at temporary risk for PE; in
other words, these devices are designed to provide protec-
tion during a “window of vulnerability.” 

When optional filters became available and permanent
placement was no longer necessary, we lowered our thresh-
old for the application of filter use. The indications for place-
ment of an optional filter are the same as those for a perma-
nent filter. These include trauma, orthopedic, neurosurgical,
bariatric and general surgery, GYN, oncology, and hematol-
ogy patients, as well as patients with inferior vena cava or
iliofemoral thrombus undergoing pharmacomechanical clot
removal. 

Four optional vena cava filters are available (although
some are FDA approved only for permanent placement):
Günther Tulip and Celect (Cook Medical, Bloomington, IN),
OptEase (Cordis Endovascular, Warren, NJ), and
Recovery/G2 (Bard Peripheral Vascular, Tempe, AZ); of
these, the Günther Tulip and OptEase are FDA approved for
optional (permanent or retrievable) placement. 

The Günther Tulip is placed from a jugular or femoral
approach, and it must be retrieved only from a jugular or
upper-body approach. This retrieval can be done using a
standard snare. The Celect filter is the next generation of the
Günther Tulip, with the closed loops having been removed
from the latter device, allowing it to be implanted for a
longer period of time. The OptEase filter (Figure 2) can be
placed using a small, 6-F deployment system, with separate
kits available for both jugular/femoral and basilic vein
approaches. The OptEase is the only optional filter that may
be placed into a vena cava up to 30 mm, and it is also the
only one that can be retrieved from a femoral approach
using a standard snare. Significantly modified from the pre-
vious-generation Recovery filter, the G2 is a bilevel device
available for use in up to 28-mm caval diameters. It requires
a device-specific retrieval cone; standard snares should not
be used. 

In a patient who has a history of DVT and/or PE, an
optional filter should only be removed after confirmation

by imaging that a large thrombus is not trapped in the filter
and a lower-extremity duplex ultrasound is negative.
Anticoagulation therapy need not be reversed while the fil-
ter is in place. 

The key to successful treatment of venous thromboem-
bolic disease is to have a firm understanding of all of the
therapeutic options available for each unique patient.
Aggressive treatment and urgent referral are essential to
reduce morbidity and mortality. In our experience, catheter-
directed therapies may serve to maintain valve function,
unmask underlying pathologies, and set the stage for fur-
ther interventions. The use of vena cava filters may play a
significant role in the treatment of this disease by protecting
patients from devastating embolic complications, most
notably PE. 

MECHANICAL

THROMBECTOMY TECHNIQUES
Presented by Peter H. Lin, MD

In treating patients who have acute DVT, there are
numerous options available to the interventionist, including
medical management, catheter-directed lysis, and a variety
of interventional techniques. The appropriate treatment
choice should be based on the specific symptoms and
anatomy of the individual patient, as well as the associated
risk-factor assessment. 

EVALUATING TREATMENT OPTIONS
Prior to the era of endovascular interventions, acute

symptomatic iliofemoral DVT was historically treated with a
surgical approach. In the interest of complete discussion, the
surgical option with balloon thrombectomy followed by
femoral arteriovenous fistula creation should be mentioned,
although for the most part, surgical removal is currently sel-
dom used for acute DVT patients. For the majority of
patients who present with iliofemoral DVT, outpatient anti-
coagulation using low-molecular-weight heparin is the most
commonly administered therapy, particularly if the patient
has only mild symptoms and is likely to be compliant to
therapy. However, if the patient has significant symptoms or
fails to respond to outpatient anticoagulation therapy, it is
often necessary to treat these patients in an inpatient set-
ting using unfractionated heparin in an IV drip, followed by
warfarin for anywhere from 3 to 6 months. 

Anticoagulation with heparin or coumadin is very effec-
tive in preventing propagation of thrombus, but it does not
remove the existing burden. As discussed previously, the
possible dangers of PE and the discomforts of PTS may be
significantly reduced if the clot burden is lysed and/or
removed. Endovascular techniques such as CDT and PMT
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have emerged as viable options for treating and removing
thrombus burden in recent years as this technology has
evolved. These techniques may also have the theoretical
advantage of restoring valve function, thereby preventing
subsequent valve dysfunction or PTS incidence. 

CDT can be effective in dissolving thrombus and revealing
the underlying lesion or stenosis, after which more direct
treatment can be delivered (eg, angioplasty and stenting).
Additionally, CDT allows the lytic agent to penetrate into
the small surrounding vessels, which are otherwise inaccessi-
ble with balloon catheters and other devices. However, this
technique does have some limitations. First, the patient
must be kept in the ICU with a continuous IV drip. Also, if a
catheter has been placed in the groin, the patient must be
kept on complete bed rest. Serial blood tests must also be
monitored to ensure the fibrinogen level and other serum
markers such as platelets, PT, and PTT remain stable. These
serum blood evaluations are typically performed every 8
hours for as long as CDT is administered. Prolonged dura-
tion of CDT can also lead to bleeding complications, and all
of these factors require extensive nursing care involvement.

PMT AND THE POWER-PULSE SPR AY
TECHNIQUE

Our institutional preference for managing symptomatic
acute DVT patients is the Power-Pulse Spray technique
using the AngioJet® Rheolytic™ Thrombectomy System
(Possis Medical, Inc., Minneapolis, MN). The Power-Pulse
Spray technique encompasses the use of two treatment
modalities: Power-Pulsed thrombolytic agent delivery and
mechanical thrombectomy. We also consider using retriev-
able vena cava filters on an individual patient basis depend-
ing on symptoms and thrombus burden. We use tPA as our
lytic agent. 

Our technique can be illustrated in the following case.
After a 12-hour trans-Atlantic flight from Paris to Houston,

the patient presented to the ER with swelling of the right leg
after 3 days. Ultrasound in the ER showed a large thrombus
in the iliofemoral system. Based on this diagnosis and the
patient’s symptoms, which included leg swelling, severe
pain, and inability to bear his body weight on his leg, our
treatment plan was as follows. First, we placed a retrievable
filter via left groin access with the patient in a supine posi-
tion. For this particular indication, our filter of choice is the
OptEase because this device can be retrieved from the groin
approach, rather than the jugular. This is especially helpful if
a stenting procedure is part of the therapy, after which the
filter can be retrieved from the same access point if it is
determined to be free of any thrombus. For this particular
indication, we believe that groin retrieval also provides
short-term advantages from a patient-comfort standpoint. 

Once the filter was placed, the patient was turned to a
prone position, and his right popliteal vein was accessed
using ultrasound guidance. Using a portable ultrasound
unit, the occluded vein can be accessed very easily with a
.014-inch guidewire. Once this was achieved, the guidewire
was exchanged for a .035-inch guidewire, the dilator was
removed, and the initial venogram was performed (Figure 3).
In this patient, a large amount of thrombus was discovered
in the superficial femoral vein, common femoral vein, and
iliac venous system. The clot was then treated with PMT
using the Power-Pulse Spray technique, in which throm-
bolytic agent was mechanically delivered directly into the
thrombus, which was followed by a “lysis-and-wait” period
of approximately 15 minutes. During this period, throm-
bolytic agent was allowed to exert its pharmacologic effect
by breaking down the venous thrombus. The Power-Pulse
Spray technique was completed with mechanical
thrombectomy in which the AngioJet catheter was activat-
ed to remove all remaining venous thrombus. 

Possis recently introduced the newest generation of the
AngioJet system, which consists of a much smaller drive unit
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Figure 3. Initial venograms showing a large amount of thrombus in the superficial femoral vein (A), common femoral vein (B),

and the iliac venous system (C).
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that performs the same clinical function. Once this catheter
system is activated, seven high-velocity jet streams are emit-
ted in a coaxial wave. By placing this catheter in an enclosed
space, the activation of this high-velocity jet stream will cre-
ate an absolute vacuum, known as the Venturi effect. The
suction created is the means by which the AngioJet removes
thrombus (Figure 4). 

The AngioJet system can be used in both normal
thrombectomy and Power-Pulse Spray modes. To perform
Power-Pulse Spray, a specific kit is connected to the system,
allowing two solution bags to be hung and the physician to
connect saline and a small IV bag containing a lytic agent to
separate ports. We use 10 mg of lytic agent in a 50-mL solu-
tion. 

Using the AngioJet Power-Pulse mode, the outflow is
blocked, making the AngioJet catheter into a power-infu-
sion system. With the Gen II system, a stopcock is placed on
the outflow lumen to occlude the flow. When the outflow
channel is blocked, the lytic agent is forcefully delivered into
the thrombus itself. However, with the newer-generation
AngioJet Ultra console, which became available in 2007,
when a catheter is connected to the drive unit, the system
will ask if the physician wants to use Power-Pulse Spray. If
the answer is yes, the outflow channel of the catheter will
automatically be shut off; manipulation of the three-way
stopcock is not necessary with the new system. 

We allow the medication to infuse
the thrombus for approximately 15 to
20 minutes. A venogram taken at this
point in this patient shows that there
is improvement, but that significant
thrombus remains (Figure 5). Next, the
thrombectomy mode of the AngioJet
was activated by opening the outflow
channel, and the residual thrombus
was removed, which was confirmed
by venogram (Figure 6). We successful-
ly identified the lesion, which was
treated with angioplasty and stenting.
Returning our attention to the vena
cava, we saw that there was significant

thrombus trapped in the OptEase fil-
ter over the 2-hour duration of the
procedure. Although one can theoret-
ically remove the thrombus trapped
within the IVC filter, it is not our rou-
tine practice to perform thrombecto-
my for thrombus trapped inside the
filter, because we believe these throm-
bi would be dissolved by sponta-
neous thrombolysis. We typically
leave the IVC filter in place and initi-

ate systemic anticoagulation therapy with IV heparin fol-
lowed by oral coumadin. Pre- and 2-day postprocedure
photographs show the dramatic improvement in this
patient after aggressive DVT therapy (Figure 7). 

Because there was thrombus found in the filter, we left it
in place and brought the patient back several weeks later for
evaluation. After 3 weeks, the patient returned, and ultra-
sound examination showed no thrombus in the filter. We
then gained access via the groin and obtained a venogram
confirming that no thrombus remained. To remove the fil-
ter, we used a standard snare (EN Snare; InterV, Dartmouth,
MA). By drawing the snare under the filter, we were able to
easily engage one of the loops of the snare onto the hook
on the lower portion of the filter. The next step was to slow-
ly provide gentle downward traction; the filter was kept in
traction with the snare and captured inside the sheath by
advancing the sheath forward. The device was then
removed in its entirety. A completion venogram showed
that there was no residual thrombus and that the filter
removal was successful. 

CDT AND PMT: A HEAD-TO-HEAD
EVALUATION

Our institution conducted an 8-year retrospective study
comparing CDT to PMT in patients with symptomatic DVT,
analyzing both treatment outcomes and cost-effectiveness.8
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Figure 4. The AngioJet System pulls thrombus from the vessel into the catheter

where it is fragmented and removed from the body.

Figure 5. A venogram taken after lytic infusion shows that there is improvement,

but that significant thrombus remains.
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The patients were treated during the same time period, and
both cohorts were relatively similar in demographics. The
average age of the thrombus in both groups was approxi-
mately 2 weeks from the onset of symptoms. The treatment
outcomes in each group showed remarkable therapeutic
success in terms of both radiographic appearance and clini-
cal response, with no statistically significant difference
between the two cohorts. The majority of patients in both
groups underwent adjuvant angioplasty or stenting. One
area where the groups differed was that significantly fewer
venograms were required in the PMT group (0.4±0.2) as
compared to the CDT group (2.5±0.7). The PMT group also
saw reductions versus the CDT group in duration of treat-
ment (76±34 min vs 1.8±0.8 days); mean ICU stay (0.6±0.3
days vs 2.4±1.2 days); overall length of hospital stay (4.6±1.3
days vs 8.4±2.3 days); and red blood cell transfusion (0.2±0.3
units vs 1.2±0.7 units). 

In terms of the cost analysis, the PMT patients were treat-
ed in the OR, whereas the CDT patients underwent therapy
in the radiology suite; consequently, a direct cost compari-
son in this regard is not feasible, but it should be noted that
the costs related to the OR are higher. However, due in large
part to the reduction in ICU and overall length of stay, there
is a significant reduction in the total cost of PMT therapy

($47,742±$19,247) compared to CDT
($85,301±$24,832). Additionally, in our
current practice, many of these PMT
procedures now take place in the cath
lab or radiology suite, with lower asso-
ciated costs than indicated in our
study. 

In summary, the significant finding
of the study is that patients undergo-
ing PMT will have significantly reduced
numbers of venograms required, ICU
stay, hospital stay, and red blood cell
transfusion requirements than those
undergoing CDT. The hospital costs
associated with PMT were found to be
half those of CDT therapy. Both thera-
peutic options were found to be
equally efficacious in terms of clinical
response and radiographic outcome in
patients with acute DVT. 

CONCLUDING REMARKS
New options are emerging for the

treatment of DVT patients. These
techniques and technologies go
beyond the current standard anticoag-
ulation therapy, and early experiences
have shown benefits such as immedi-

ate relief of symptoms, quicker recovery times, and earlier
return to normal life in carefully selected patients. However,
the belief that early and urgent removal of thrombus will
reduce the incidence of PTS has not yet fully been proven,
although limited data and clinical experiences indicate that
valve function may be better preserved using this approach,
decreasing the incidence of future PTS development.
Further study evaluating the use of PMT alone and in con-
junction with retrievable filters is needed to fully determine
the extent of these possible benefits. ■
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Figure 6. Venograms confirming removal of residual thrombus using mechanical

thrombectomy.
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Figure 7. Pre- and 2-day postprocedure photographs show the dramatic improve-

ment in this patient after aggressive DVT therapy.
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