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Endovascular Treatment
of lliocaval DVT

A new therapeutic approach using an aspiration cannula and circuit.

BY RIPAL T. GANDHI, MD; DAVID QUINTANA, MD; MELANIE SCHERNTHANER, MD;
CONSTANTINO PENA, MD; ANDREW HALL, MD; NIBERTO MORENO, MD;
JAMES F. BENENATI, MD; AND BARRY T. KATZEN, MD

nferior vena cava (IVC) thrombosis is along the clinical

spectrum of deep venous thrombosis (DVT), and largely

shares the same predisposing clinical factors in Virchow’s

triad: hypercoagulability, venous stasis, and vascular injury.
There are many causes of IVC thrombosis, including trauma,
infection, and compression secondary to retroperitoneal
neoplastic processes.” Intravascular causes, especially foreign
bodies such as IVC filters, have been well documented as
potential sources for IVC thrombosis."* Although the true
incidence of IVC thrombosis is unknown, the rate has likely
increased with the introduction of permanent or semiper-
manent intravascular devices, which are thrombogenic.>4°

Occlusion is the most common complication of IVC
filters, with thrombosis reported in 2.7% of patients, due
to three main causes: (1) new local thrombus formation/
thrombogenicity of the device, (2)
trapped embolus from a more dis-
tal source (lower extremity), or (3)
cephalad extension of distal DVT.>®
Approximately 10% to 20% of patients
with DVT involving the lower extremity
have progression to the iliocaval seg-
ments.” It should be noted that filters
primarily function to protect from large
thromboembolism from the deep veins
of the lower extremities, and so throm-
bus-bearing filters are not necessarily
due to the filter itself. However, current
estimates of IVC thrombosis following
filter insertion range from 13% to 30%
in longer-term studies.*®
IVC thrombosis is a significant source

of morbidity, and if left untreated, can
lead to venous claudication, chronic
venous stasis, ulceration, and recur-
rent thromboembolism. As a result,
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Figure 1. Thrombotic occlusion of the
IVC bilateral common iliac veins. The
bilateral femoral veins were open at
this time (not shown).

long-term goals regarding treatment largely involve pre-
venting chronic venous insufficiency and postthrombotic
syndrome, along with reducing the incidence of recurrent
thromboembolism.

We present a case of filter-bearing IVC thrombosis with
unusually large clot burden, as well as iliac and common
femoral vein thrombosis, which was subsequently treated
with mechanical thrombectomy primarily using the
AngioVac device (AngioDynamics, Latham, NY).

CASE REPORT

A 72-year-old man with a history of coronary artery dis-
ease and benign prostatic hypertrophy presented with left
lower extremity edema 3 weeks after laser prostatectomy
for urinary retention. Subsequent venous duplex imaging
revealed left femoral and popliteal DVT,
and computed tomography (CT) angi-
ography of the chest showed acute pul-
monary emboli involving the left main
pulmonary artery, as well as the bilateral
segmental pulmonary arteries. The
patient was started on anticoagulation
with intravenous unfractionated hepa-
rin. He subsequently developed gross
hematuria accompanied by a two-point
drop in hemoglobin. Anticoagulation
was stopped, and an Option IVC filter
(Argon Medical Devices, Inc, Plano, TX)
was placed. Additionally, the patient
had several episodes of bright red blood
per rectum, a colonoscopy showed a
5-cm ulcerating mass in the sigmoid
colon, and pathology revealed adeno-
carcinoma. PET CT revealed peritoneal
carcinomatosis, and the patient was
therefore not a surgical candidate. He
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Figure 2. IVC
occlusion to the
level of the IVC
filter. A small
amount of throm-
bus is attached to
the filter hook.

was discharged with plans for outpa-
tient systemic chemotherapy.

One day after discharge, the
patient presented to the emergency
department again with dizziness and
presyncope, back pain, and increased
pain and swelling in his lower
extremities. Magnetic resonance
venography demonstrated acute
thrombosis of the IVC to the level
of the previously placed IVC filter,
as well as thrombosis of the bilat-
eral iliac veins (Figure 1). Subacute
thrombus in the left femoral and
popliteal veins was also noted, but
the common femoral veins were pat-
ent. The patient’s symptoms were
likely related to the caval thrombo-
sis, and perhaps decreased venous
return, leading to poor cardiac out-
put. The hematology department
was consulted and prescribed low-
dose fondaparinux (2.5 mg subcuta-
neously daily) due to the previously
mentioned bleeding complications.
Over the course of several days, the
patient developed debilitating scro-
tal edema, and his bilateral lower

extremity pain and swelling worsened, which precluded
him from ambulating,
Given that the patient had recent hematuria and

The patient was anticoagulated with bivalirudin, and
aspiration thrombectomy was initiated via the AngioVac
cannula while he was on extracorporeal bypass (Figure 4).
The device was advanced and withdrawn in the throm-
bosed IVC multiple times. Significant thrombus was aspi-
rated, and the AngioVac filter had to be replaced once. A
repeat cavagram demonstrated persistent residual throm-
bus (Figure 5). Multiple additional passes with the device
were made in the IVC.

The device was then advanced into the left common
iliac vein for further thrombectomy. There was some dif-
ficulty in advancing it into the right common iliac vein. To
accomplish this, a wire and catheter were advanced into
the AngioVac device via the right common iliac vein. This
established a rail, which allowed the device to pass into
the right common iliac vein.

Because the large-profile AngioVac device did not easily
pass through the left external iliac vein to the left com-
mon femoral vein, we achieved access to these veins via a
crossover approach from the right common femoral vein
access. A venogram demonstrated significant thrombus
(Figure 6). An Angioet Solent thrombectomy catheter
(Bayer, Indianola, PA) was used to perform mechanical
thrombectomy of the left external iliac and common
femoral veins (Figure 7). The right external iliac and com-
mon femoral veins were then accessed with the AngioJet
catheter via the right internal jugular sheath.

Final venograms demon-
strated an excellent result,
with rapid, spontaneous
blood flow (Figure 8). A

gastrointestinal hemorrhage from a colonic adenocarci-
noma, he was not a good candidate for catheter-directed
thrombolysis. A decision was made to use the AngioVac
device to remove caval and iliac thrombus. Initial access
was achieved via the right internal jugular vein, and a
cavagram demonstrated occlusion of the IVC to the level
of the IVC filter (Figure 2). A small amount of thrombus
was noted at the filter hook. The Option IVC filter was
initially retrieved using a standard gooseneck snare and
an 11-F sheath (Guinther Tulip Vena Cava Filter Retrieval
Set, Cook Medical, Bloomington, IN).

Ultrasound interrogation of the bilateral common
femoral veins demonstrated interval thrombosis at the
time of intervention. The right common femoral vein
was accessed, and a venogram demonstrated complete
thrombosis (Figure 3). Next, attention was turned back to
the right internal jugular vein, which was serially dilated,
and a 26-F DrySeal sheath (Gore & Associates, Flagstaff, AZ)
was placed. Through this sheath, the 22-F AngioVac can-
nula was placed into the IVC. A 16-F reinfusion cannula
was placed into the left internal jugular vein.
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Gunther Tulip IVC filter was
placed to protect the patient
from recurrent thromboem-
bolic disease. Hemostasis was
achieved via a U-stitch and
manual compression.

There were no immedi-
ate procedure-related com-
plications. The patient was
anticoagulated for 24 hours
and then placed on low-dose
fondaparinux (2.5 mg daily).
The lower extremity edema
and scrotal edema significantly
improved over the course
of the next several weeks. At
1-month follow-up, a duplex
ultrasound demonstrated
patent bilateral iliac veins and
IVC. At 4 months postpro-
cedure, the patient had only

Figure 3. A venogram
from the right common
femoral vein demon-
strates occlusion of the
external and common iliac
veins. The right common
femoral vein was also
occluded (not shown).
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Figure 4. The AngioVac device is advanced through a 26-F
DrySeal sheath placed via the right internal jugular vein. The
patient is on extracorporeal bypass with a reinfusion cannula
in the left internal jugular vein (not shown).

mild residual lower extremity edema. There were no recur-
rent gastrointestinal bleeding episodes.

Figure 9 illustrates the significant thrombus removed
during the procedure.

DISCUSSION

Thrombus removal is preferred by many who manage
IVC thrombosis, as it is thought likely to minimize the
long-term complications of chronic venous insufficiency
and postthrombotic syndrome. Although anticoagulation
has level 2B evidence for treating DVT,? medical therapy
only reduces clot propagation and lacks thrombolytic
potential, relying on the body’s own intrinsic thrombolytic
pathway for clot removal, which is ineffective in large clot
burden. This ultimately increases the risk of postthrombotic
syndrome, which can occur in up to 50% of patients with
proximal DVT within the first 2 years.™

There are several different options for treating symp-
tomatic iliocaval DVT. In our practice, catheter-directed
thrombolysis with or without concomitant mechanical
thrombectomy is the initial strategy for these cases. Given
our patient’s recent bleeding complications, thrombolysis
was contraindicated. Mechanical thrombectomy alone
with devices such as the AngioJet and Trellis (Covidien,
Mansfield, MA) were considered; however, it was believed
that these devices would not be adequate without throm-
bolytics in the presence of such a large burden of thrombus.
The AngioJet rheolytic system, which relies on Bernoulli’s
principle, is a powerful thrombectomy catheter and was
very effective in removing thrombus from the external iliac
and common femoral veins. However, the use of this device
is limited for large-volume thrombectomy (especially in the
absence of thrombolytics) because of hemolysis, which may
result in renal failure or even pancreatitis in rare cases.'"'?
In contrast, large-volume thrombectomy may be achieved
with virtually no hemolysis with AngioVac, and the blood
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(which is aspirated during thrombectomy) is reinfused,
minimizing procedural blood loss.

The AngioVac catheter is indicated for use in procedures
requiring extracorporeal circulatory support for periods
of up to 6 hours and consists of a 22-F balloon-actuated,
expandable funnel-shaped tip enabling high flow, which
is connected to a circuit for extracorporeal bypass. The
funnel-shaped distal tip facilitates en bloc removal of large
extraneous material while preventing device occlusion.
During extracorporeal circulation, the blood passes through
a filter, which traps thrombus and other particulate material
before being recirculated into the patient via a 16-F reinfu-
sion sheath.

Because the existing IVC filter was occluded, and there
was thrombus projecting cranially from the filter hook, our
initial plan was to perform AngioVac thrombus aspiration
from a right internal jugular vein approach with reinfusion
into the right common femoral vein, while IVC filter retriev-
al would be performed via a left internal jugular approach.
The rationale behind this approach was that the AngioVac
device would be actively aspirating during manipulation
and retrieval of the IVC filter, minimizing the risk of pulmo-
nary thromboembolism. Although the magnetic resonance
venogram had demonstrated only IVC and iliac vein throm-
bus, there was interval thrombosis of the bilateral common

Figure 5. Significant
residual thrombus
in the IVCiis still
noted after an ini-
tial pass with the
AngioVac device.

Figure 6. Significant thrombus is
noted in the left external and com-
mon femoral veins. The left common
iliac vein has been cleared of throm-
bus by the AngioVac device.
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Figure 7. AngioJet thrombectomy via a Solent catheter of
the bilateral femoral and external iliac veins.

femoral veins by the time of the intervention, and therefore,
this approach was not feasible.

The 16-F reinfusion sheath was placed into the left inter-
nal jugular vein, and there was an existing left subclavian
central venous catheter. However, an 11-F filter retrieval
sheath may have also been placed via a left internal jugu-
lar approach, but given the presence of several left-sided
venous lines, we decided to perform filter retrieval via
the right internal jugular vein without activation of the
AngioVac. The 11-F retrieval sheath was advanced through
the 26-F DrySeal sheath before placement of the AngioVac
device. The 26-F sheath was aspirated during filter retrieval
to minimize risk of pulmonary embolism.

The AngioVac device comes with an inner dilator and
is advanced over a guidewire to the desired location.
Subsequently, the dilation and guidewire are removed,
the pump is activated to create suction, and the catheter
is advanced “to and fro” under fluoroscopic guidance. In
contrast to other catheter-based mechanical thrombec-
tomy devices, the AngioVac requires blood flow in order
to function effectively. If placed in an entirely thrombosed
vessel, the device will stop aspirating, and the pump flow
rates will decrease. As a result, in the present case, the device
had to be continuously moved back and forth in the IVC to
maintain flow, given the significant amount of thrombus.
There was continual feedback from the perfusionist regard-
ing pump flow rates throughout the duration of the proce-
dure. When the flow rates decreased or stopped, the device
was withdrawn into a patent portion of the IVC until flow
resumed. At this point, the device could be readvanced into
the thrombosed vein.
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Once the AngioVac device is in place and active, the
interventionist cannot introduce a guidewire through
it without disconnecting it. This is of practical concern
because the device does not have directionality, and
advancing the device into different vessels may require
adjunctive techniques. In the present case, we had some
difficulty advancing the device into the right common iliac
vein. As previously described, we advanced a guidewire and
catheter from the right femoral access, which functioned
as a rail, allowing the device to be placed into the right iliac
vein. At one point in the procedure, the device would
not advance into the left common iliac vein. To facili-
tate this, a balloon via the right femoral approach was
advanced to the caval bifurcation and dilated to push
the AngioVac to the left.

The AngioVac device is relatively versatile and has been
utilized in the central pulmonary arteries and right atrium,
along with the central venocaval system." "7 Within the
right atrium, the AngioVac device has been successful in
removing undesirable obstructive infected vegetations from
endocarditis and also right atrial thrombi.’>>™ Prior to the
utilization of this device, patients were subject to cardiac
surgery for removal; however, many patients with these
conditions are not surgical candidates due to significant
comorbidities. Subsequently, the AngioVac device is a mini-
mally invasive procedure that has emerged as a potential
surgical replacement and/or bridge to surgery in these
patients.'>181

Dudiy et al demonstrated successful removal of a chronic
large right atrial thrombus causing obstructive physiology,
which measured over 7 cm. Postprocedure echocardiogra-
phy demonstrated no residual atrial mass and no evidence
of right ventricular thrombus or distal pulmonary embo-
lism." Patel et al described a case series of three patients in
which the AngioVac device was used to extract infective

Figure 8. Final venography demonstrating patent bilateral
iliac veins and IVC with rapid, spontaneous blood flow noted
on real-time imaging.



Figure 9. Total thrombus removed via the AngioVac device
during the procedure. The first filter was entirely full, and
therefore, a second filter was required.

vegetations from endocarditis.” In all three cases, vegeta-
tions were associated with obstructive physiology and
recurrent fever refractory to antibiotics. The AngioVac
successfully demonstrated removal of the unwanted vegeta-
tions, subsequent resolution of infection, and reduced risk
of septic pulmonary emboli, which can be seen in up to
55% of these patients.

More recently, Sakhuja et al described their single-center
experience with the novel device in 14 consecutive patients
with either right atrial, central pulmonary arterial, or veno-
caval thrombosis.” They report a 79% procedural success
rate and complete success in the removal of intravascular
thrombus in nine of 14 patients. In three patients, the lack
of success was either due to pulmonary arterial thrombus
beyond the site of catheter aspiration or residual tricuspid
valve-infected vegetation.

CONCLUSION

There are a variety of catheter-based techniques in the
treatment algorithm of DVT, which include mechanical
thrombectomy, pharmacologic thrombolysis, and pharma-
comechanical thrombolysis. IVC filter thrombosis is largely
a complex, multifactorial problem that requires significant
preprocedural planning and workup. Although IVC filters
protect patients from embolic complications associated
with DVT, if subsequent thrombosis occurs, aggressive
interventions are often mandated, with the ultimate goal
of reducing the risk of progression to postthrombotic syn-
drome and more adverse symptomatology.

In short, the AngioVac device can be very effective in
the removal of clot burden while minimizing the harmful
effects seen in other mechanical thrombectomy devices,
with virtually no blood loss. This further supports the use of
the AngioVac thrombectomy catheter in patients with large
clot burden and should be included in the armamentarium
for treating DVT and IVC thrombosis.
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