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Abstract Late complications of thrombosis of the deep
veins in the region between the popliteal vein termination
and the confluence of the common iliac veins and inferior
vena cava (suprapopliteal deep-vein thrombosis) are com-
mon and often unrecognized by those responsible for the
initial management. Pharmacomechanical-assisted clear-
ance of the thrombus at the time of first presentation
provides the best opportunity for complete recovery with
preservation of normal venous valve function and avoid-
ance of recurrent deep-vein thrombosis and postthrombotic
syndrome. Recent interventional radiology methods pro-
vide for rapid and complete thrombolysis even in some
patients in whom thrombolysis was previously considered
contraindicated. This review describes the methods, safety,
and efficacy of acute interventional treatment of supra-
popliteal deep-vein thrombosis.
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Introduction

Thrombosis of the deep veins in the region between the
popliteal vein termination and the confluence of the
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common iliac veins and inferior vena cava (suprapopliteal
deep-vein thrombosis [DVT]) is a condition that is usually
treated in the acute phase by anticoagulation with bed rest
and compression stockings. Late complications of this
treatment are common and often unrecognized by those
responsible for the initial management. As a result,
patients are left with significant morbidity from post-
thrombotic complications that might have been avoided
with pharmacomechanical-assisted clearance of the throm-
bus at the time of first presentation. A Medline search
was performed for the terms deep-vein thrombosis, post-
thrombotic syndrome, and thrombolysis for the years
2000-20009.

This review describes the methods, safety, and efficacy
of acute interventional treatment of suprapopliteal DVT.

Background

The incidence of clinically recognized acute DVT in the
United States is estimated to be up to 250,000 [1] per year,
which approaches 1% of the total population.

Thrombi usually develop in the calf veins, propagating
in the direction of blood flow subject to the observations of
Virchow, who described a triad of blood constituents,
blood flow, and vessel wall integrity as the determinants for
thrombosis formation. DVTs are classified relative to their
involvement of the popliteal vein. DVTs confined below
the popliteal vein are rarely associated with adverse out-
comes. However, when thrombus extends above the pop-
liteal vein, it may involve the iliac veins or the inferior
vena cava with an increased risk of pulmonary embolism
and phlegmasia cerulea dolens. More than 90% of symp-
tomatic pulmonary embolism originates from leg veins,
and potentially fatal pulmonary embolism will develop in
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10% of patients presenting with venous thrombosis above
the popliteal vein [1].

The most common risk factors for DVT are recent sur-
gery or hospitalization [2]. However, increasing numbers
of patients present with DVT related to other risk factors,
including advanced age, increased body mass index,
infection, immobilization, use of combined (estrogen-con-
taining) forms of hormone contraception, tobacco use, and
long-distance travel associated with a combination of
immobility and relative dehydration [3].

The risk of recurrent DVT varies depending on whether
the patient has had an idiopathic DVT [4-7], a DVT in the
setting of a transient risk factor [8], a permanent risk factor
for recurrent DVT, or a history of multiple previous
thromboses [9, 10]. Thrombophilia, although uncommon,
often expresses itself with recurrent thromboses and should
always be excluded by coagulation studies in patients with
DVT.

Almost 90% of patients with DVT will have some
symptoms, and 15% of these will develop stasis ulcers
despite anticoagulation therapy as a result of venous
hypertension that results from residual venous obstruction
and valve incompetence [11]. This chronic venous insuf-
ficiency, most commonly manifesting as postphlebitic
syndrome, occurs to some degree in up to 75% of patients
with proximal DVT [12] and is more severe in those with
iliofemoral DVT compared to infrainguinal DVT. This
syndrome is not specifically defined but consists of edema,
leg pain, hyperpigmentation, and cutaneous ulceration; it
has an incidence of 25%, even when compression stockings
are worn for up to 2 years. In those who do not wear
compression stockings, however, the incidence of postph-
lebitic syndrome is up to 60% [13]. The severity of chronic
venous disease can be classified according to CEAP, which
assesses clinical severity, etiology, anatomy, and patho-
physiology with a spectrum ranging from no evidence for
venous disease to open venous ulceration. Its use helps
promote consistency between physicians and improve
accuracy of diagnosis.

There is level III intervention evidence [14—17] that
earlier, more complete removal of thrombus will result in
reduced DVT recurrence and its subsequent complications,
including postphlebitic syndrome, and will improve quality
of life [11, 18, 19].

Pathophysiology and History of Treatment

Normal physiology regulates the dissolution of fibrin clots
and balances the procoagulant activity of the coagulation
proteins. This fibrinolytic system results in a variable
degree of recanalization of a thrombosed vein. The active
fibrinolytic agent is plasmin, a serine protease that
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circulates in an inactive form: plasminogen. Plasminogen
activators are modulated by several negative regulatory
proteins, of which the principal one is o-2-antiplasmin. The
degree of recanalization, however, may not be sufficient for
complete resolution of clinical symptoms. Sherry described
only 6% thrombus lysis with anticoagulation alone [20].

Iliac vein occlusion rarely recanalizes, resulting in per-
sistent iliac obstruction and increased ambulatory venous
pressures. This is in contrast to femoropopliteal occlusion
by DVT, which can access alternative venous channels.
Thus, in the acute setting of suprapopliteal DVT, a threa-
tened limb (phlegmasia) requires aggressive and urgent
intervention to avoid limb loss [1]. It is important clinically
to recognize that sudden venous outflow obstruction of a
limb may cause both “white” and “blue” phlegmasia.
Phlegmasia alba dolens, or white, painful thrombosis, is not
due to arterial obstruction, as the color suggests, but rather
to arterial spasm in response to the marked increase in
outflow obstruction caused by the venous thrombosis.

Anticoagulation with heparin from 1937 and warfarin
(an oral vitamin K antagonist) from 1954 is still used as a
mainstay of treatment for DVT, although more recently,
low-molecular-weight heparins have been used in prefer-
ence to the older preparation.

Patients with suprapopliteal DVT that involves the
iliofemoral region continue to be treated in the wider
medical community similarly to those with infrainguinal
DVT: by anticoagulation therapy without thrombolysis
[21]. This is in part because of the bleeding risk of systemic
thrombolysis and the apparent nonurgency of clot removal,
with adverse sequelae not evident in some patients for up to
15 years [1, 21]. Anticoagulation halts propagation and
formation of new thrombus but does not remove existing
clots. Early thrombolysis for acute DVT has been shown to
deliver improved patient outcomes in terms of symptoms,
clot recurrence, and reduced costs [11]. Animal studies
have additionally shown that thrombolysis preserves
endothelial function and valve competence, and results in
more complete thrombus removal [22].

It is recognized that there is an increased bleeding rate in
patients on longer-term vitamin K antagonists such as
warfarin, with an odds ratio of 2.6 reported in one study
[23]. Although the anticoagulant benefit decreases over
time, the optimal duration of therapy is unknown, as each
patient risk profile is different. In terms of bleeding risk for
systemic thrombolysis, early reports suggested an
increased number of bleeding episodes [24]; however,
more recent higher-quality evidence shows no statistically
significant early bleeding risk [25]. Longer-term low-
molecular-weight heparin has been compared with oral
vitamin K antagonists, showing bleeding rates that are
equal or less, and low-molecular-weight heparin is partic-
ularly beneficial in patients in whom international
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normalized ratio control is difficult, or who have malig-
nancy [26].

Surgical thrombectomy with calf massage and intrave-
nous heparin is a method of bulk thrombus removal.
However, the indication for operative thrombectomy in the
management of acute DVT in the absence of phlegmasia
cerulea dolens is unresolved [27]. Although surgical
thrombectomy is now rarely performed, in part because of
the relatively high recurrence rates compared to catheter-
directed thrombolysis, it is more effective than anticoagu-
lation alone [21].

The first clinically useful systemic thrombolytic agent
discovered was streptokinase in 1933. Tillett and Garner
reported that streptokinase caused complete dissolution of
human plasma clot approximately 10 min from contact
[28]. Streptokinase activates plasminogen in a two-step
process that requires binding to plasminogen to form an
activator complex. Apart from the disadvantages of sys-
temic thrombolysis, streptokinase is dependent on an ade-
quate level of plasminogen to bind to, and its effect is
reduced as plasminogen is consumed. Because it is a
bacterial protein, there is risk of allergy and an incidence of
antibody formation, which reduces its effectiveness.

The first agent used to activate plasminogen directly was
urokinase, an agent, as its name suggests, that was first
extracted from human urine and is now manufactured from
mammal-cell cultures [29]. Other direct tissue—plasmino-
gen activators, including alteplase, duteplase, and retep-
lase, have been developed in an attempt to increase the
effectiveness and specificity of thrombolysis.

In the 1990s, as a result of complications relating to
systemic thrombolysis, localized treatments emerged.
These involve regional clot-directed thrombolysis, ultra-
sound-enhanced thrombolysis, balloon-isolated thrombol-
ysis, and mechanical clot removal [21, 30].

Interventional Techniques

The more commonly used interventional techniques of
thrombus removal include catheter-directed thrombolysis,
the pulse-spray technique, and mechanical devices. There
are also promising emerging technologies.

Catheter-directed thrombolysis involves thrombolytic
infusion through an end-hole catheter in and around the
thrombus with or without the operator aspirating the
loosened fragments of clot (Fig. 1). The pulse-spray tech-
nique was developed in an attempt to increase penetration
of the thrombus by lytic agent. This method uses a multiple
side-holed catheter that is placed through the thrombus, and
Iytic drug is intermittently sprayed over several hours until
repeat venography is performed and an adequate result
achieved.

Fig. 1 A This patient presented with suprapopliteal deep-vein
thrombosis diagnosed clinically and on ultrasound. The femoral vein
is nearly completely occluded (open arrow), and there are multiple
surrounding venous collaterals (closed arrow) that indicate an
established thrombosis. It is unlikely that full clearance with
thrombolysis alone will be possible. B Postcatheter-directed throm-
bolysis and balloon venoplasty. There is ample and rapid flow via the
femoral vein (open arrow) with reduced filling of the surrounding
collateral veins

Mechanical devices such as the Arrow Trerotola PTD
(Arrow, Reading, PA, USA) aim to macerate clot with a
spinning metallic helix and aspirate it from the vein. The
AngioJet (Possis, Minneapolis, MN) uses burst-sprayed
saline with or without thrombolytic to macerate thrombus
and create a pressure differential such that clot migrates
from vein into catheter. The Trellis system (Bacchus
Vascular, Santa Clara, CA) involves isolating thrombus
between two inflated balloons, then infusing the area in
between the balloons with thrombolytic agent, rotating a
sinusoidal wire to fragment the thrombus, which is then
aspirated. In patients who have relative contraindications to
thrombolysis, these maceration/aspiration systems may be
considered, and with the Trellis device, and to a limited
extent the Possis device, the thrombolytic agent can be
aspirated to prevent systemic release.

Even when interventional radiological techniques are
used, long-term anticoagulation remains an essential
treatment component to prevent propagation of any per-
sisting clot, help relieve symptoms, and prevent pulmonary
embolism [1], although if used alone it yields just 6%
complete DVT lysis at 10 days [31]. Systemic thrombol-
ysis results in three times better lysis compared to antico-
agulation alone but four times the increased risk of major
bleeding [15, 21], prompting a progression to catheter-
directed thrombolysis. Despite the technique, a lower
success rate is achieved the more chronic the thrombus
[21].
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There are several developing technologies that are
attempting to replace or improve current systems, such as
use of plasmin and ultrasound. Although all current
thrombolytics are plasminogen activators and dissolve
thrombin, plasmin directly degrades fibrin without requir-
ing plasminogen, thus acting locally and reducing bleeding
risk. It is also rapidly neutralized, resulting in minimal, if
any, systemic effect. Plasminogen activators (current
thrombolytics, e.g., t-PA) work proportionally to the
amount of plasminogen present in the clot (older clots
contain less), but plasmin works regardless of the amount
of plasminogen. There is a known threshold effect for
bleeding with plasmin, but with plasminogen activators,
there is bleeding effect at all doses such that plasmin has a
better overall benefit-to-risk profile than plasminogen
activators.

Ultrasound thrombus disruption can be used to increase
the surface area of fibrin, potentially reducing the dose of
thrombolytic required and increasing the rate of lysis
(when a thrombolytic such as t-PA is used) [21]. For
example, the Ekos EndoWave system (Ekos, Bothell, WA)
disaggregates fibrin matrix and exposes additional plas-
minogen receptor sites to the thrombolytic agent, which
may also improve clearance of more chronic thrombus.
Furthermore, ultrasound is shown to improve lysis effi-
ciency behind venous valves where thrombus is more dif-
ficult to remove.

One study has recently shown clot lysis can also be
achieved via microbubbles or nanoparticle drug delivery
with, for example, Abciximab (Reopro, Eli Lilly), which is
an antiplatelet agent via glycoprotein IIb/Illa inhibition.

Author

No. Patients / (limbs) Method
Comerota, 2000 54

COT with UK / rt-PA +/- thrombectomy

Herne, 2000 10 CDT with rt-PA
Delomez, 2001 18* ATD +/- asp +/- PTA, stent
Kasirajan, 2001 9 COT with UK / rt-PA [ rPA
AbuRahma, 2001 51 CDT with UK / rt-PA +/- stent
Heparin
Vedantham, 2002 20 (28) COT with UK / rt-PA / rPA +/- thrombectomy, stent
Elsharawy, 2002 35 CDT with SK +/- PTA, stent
Heparin
Castaneda, 2002 15 COT with rPA
Grunwald, 2004 74 (82) COT with UK / tPA / rPA +/- PTA, stent
Vedantham, 2004 18 (23) COT with tPA +/- Helix, stent
Lalho, 2004 32 COT with rt-PA
Systemic lysis with rt-PA
Sillesen, 2005 a5 CDT with rt-PA +/- PTA, stent
Jackson, 2005 28 COT with UK / rPA 4/- stent
Ogawa, 2005 24 COT with UK
CODT with UK + IPC
Cynamon, 2006 24 Angiojet +/- COT with tPA / UK +/- PTA, stent
Kim, 2006 37 (45) COT with UK
CDT with PMT
Lin, 2006 93 (98) COT with rPA [ rt-PA / UK +/- PTA stent

PMT with rPA / rt-PA / UK +/- PTA, stent

Protack, 2007 69 (197) Mech, Mech +/- tPA / UK +/- pulse +/- stent

O'Sullivan, 2007 19 (22) Trellis with tPA and stent

Hillerman, 2008 147 Trellis with tPA / UK +/- CDT with tPA / UK +/- PTA, stent +/- emb
Shi, 2008 16 (18) ATD/Rotarex and CDT with UK +/- PTA, stent

Martinez, 2008 21 (27) COT with rt-PA / UK +/- PTA, stent

22 (25) Trellis with rt-PA +/- CDT +/- PTA, stent
50*

Enden, 2009 CDT with rt-PA+/- PTA +/- stent

CDT = catheter directed thrombolysis
ATD = amplatz device

asp = aspiration thrombectomy

Helix = helix mechanical device

emb = balloon embolectomy

basket = metallic basket fragmentation
pulse = pulse spray

PMT = hanical

IPC = intermittent pneumatic compression
* = prospective study

Again, a smaller amount of thrombolytic drug can be used
and therefore the bleeding risk reduced [32].

Evidence for Interventional Therapy

There is a lack of prospective, randomized data regarding
the safety, efficacy, and cost of thrombolytics versus anti-
coagulants (including the acute procedure, ongoing treat-
ments, and management of complications). Clinical benefit
end points in several series are also poorly defined, which
makes direct comparison difficult—for example defining
significant clot removal or improved patient function. After
Comerota and Gravett [21], presented their review data in a
tabular form of catheter-directed thrombolysis for acute
DVT, we have used a similar approach to compare several
more recent studies that use a combination of pharmaco-
mechanical techniques to achieve thrombus resolution
(Fig. 2). Notably, in studies covering the last 5 years, there
is only a single reported intracranial hemorrhage [33]—
previously a significant deterrent for thrombolysis.
Considering the current evidence, the most favorable
outcomes are achieved by selecting patients with large
suprapopliteal clot burden, phlegmasia, younger age, and
May-Thurner syndrome [1]. If a >2-year patient survival is
predicted, then immediate thrombus removal should be
attempted if appropriate, particularly in active patients with
more extensive DVT; this population includes those who
are at the highest risk of postthrombotic syndrome [30].
Catheter-directed thrombolysis with local delivery of
thrombolytic to the thrombus produces more favorable

Grade III Lysis (%) Grade II Lysis Grade I Lysis Bleed Min Bleed Maj PE Death due to Rx
4

14 (26) 28 (52) 6(11) 8 1 0
9 (30} 1 (10) 0 3 o 2 o
B (44) 7(39) 3(17) (] 0 0 o
7(78) 1(11) 1(11) n/a n/a [i] nfa
15 (83) unknown unknown 3 2 1] o
1(3) unknown unknown 3 2 2 ]
23 (82) unknown unknown 1] 3 o o
13(72) 5 (28) o 0 [} 1] o
2(12) B (47) T(41) L] o o o
15 (100) unknown unknown 1] o o o
54 (73) 26 (32) unknown 6 4 [ o
7{31) 12 (52) 4(17) o 1 o o
B (50) 5(31) unknown 4 2 2 1]
5(31) 8 (50) unknown 6 1 5 0
42 (93) unknown unknown 4 0 1 0
5(18) 20 (72) unknown 2 1] o 1]
0(0) 10 (100) o 0 [} 0 1]
5 (36) 9 (64) 0 L] 0 o o
12 (50} 7 (29) 5(21) L] 2 o 1]
21 (81) 3(11) 2(8) 1 2 1 o
16 (84) 3(16) 0 0 1 1 0
32 (70) 14 (30) 5(11) 2 1 0 1]
39 (75) 13 (25) 4(8) 2 0 0 o
46 (67) 19 (27) 4(6) 0 0 3 0
3(14) 18 (82) 1(4) a 0 (1] (1]
58 (39) 79 (54) 10 (7} o F3 o o
10 {56) 6(33) 2(11) 3 1 0 1
3(11) 16 (59) & (30) 4 [1] o 1]
7(28) 16 (64) 2(8) 3 1 0 o
24 (48) 20 (40) 4 7 1 o o

Fig. 2 Summary table of results of pharmacologic and/or mechanical thrombolysis
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results than systemic thrombolysis, with almost double the
venous patency rate at 1 year and an approximately 80%
overall success rate [30]. Aspiration thrombectomy with a
catheter and negative syringe pressure is a previously
described related technique [12, 34], coupled with inferior
vena cava (IVC) filter insertion with or without metallic
basket clot fragmentation. Successful clot lysis was seen in
nearly 90% of patients but included catheter-directed
thrombolysis if the aspiration technique was inadequate or
failed. In cases where there is a contraindication to
thrombolysis, surgical thrombectomy with or without
temporary arteriovenous fistula formation has successfully
been performed in order to preserve valve function and
reduce the rate of postthrombotic syndrome [17].

As previously mentioned, pharmacomechanical throm-
bolysis devices including the Trerotola, Angiolet, and
Trellis can be used with or without a thrombolytic agent
and can involve mechanical maceration or disruption of
clot in order to facilitate easier and more complete
thrombus aspiration with or without lysis.

Cynamon et al. [35] have reported success with the An-
gioJet. Fifty percent of patients experienced complete lysis,
and 79% of patients had more than half the thrombus cleared
(>50% lysis). Complications included 2 out of 24 patients
experiencing major hemorrhage, and 1 patient requiring
surgery to resolve compartment syndrome (Fig. 3a, b).

Studies by O’Sullivan et al. [36], Martinez Trabal et al.
[37], and Hilleman and Razavi [38] have a combined
cohort of 188 patients in whom the Trellis system was used
for thrombectomy. Although their complete lysis rates
ranged 14-40%, >50% lysis was demonstrated in 92-96%,
consistent with a very good and reproducible outcome. In
total, there were three major hemorrhage episodes and no
procedure-related pulmonary embolism or deaths.

The Clot Buster Amplatz Thrombectomy Device (ATD,
Minneapolis, MN) was used by Delomez et al. [39] to
achieve a 44% complete lysis rate in patients with ilio-
femoral DVT. Although there were no major pulmonary
embolism or bleeding events reported, all patients experi-
enced transient arterial desaturation such that the procedure
was stopped until oxygen saturation recovered. This was
thought to be due to micropulmonary emboli, given the
inherent nature of the technique to create small, loose
thrombi. A single patient presented again with venous
ulceration at 6 months. Shi et al. studied the effectiveness
of the Amplatz device (and Straub-Rotarex catheter) in a
series of 16 patients (18 limbs) with a similar complete
lysis rate of 56% [34]. There was a single fatal intracere-
bral hemorrhage, and one patient with thrombophilia and
DVT recurrence developed postthrombotic syndrome.

Although either of these devices may result in pul-
monary embolism, evidence from another application,
thrombosed dialysis fistula, implies this incidence can be

Fig. 3 A Power-pulse pharmacomechanical thrombolysis with the
Poussis device in a patient with acute (3 days) right iliofemoral vein
thrombosis. A posterior lumbar fusion operation had been performed
several years before, and there was a history of bilateral calf vein deep-
vein thrombosis. Initial angiography from the popliteal vein showed
complete occlusion with poor collaterals. The thrombus extended up to
the confluence of the common iliac veins and was partly outlined with
contrast (arrows). The absence of collateral veins indicates an acute
thrombosis. B Over a 30-min procedure, the acute thrombus was
removed with the Possis AngiolJet device to reveal adherent old
thrombus and a stenosis related to the lumbar fusion pedicular screws
(arrows). C The old thrombus was removed with an Arrow Trerotola
PTD device and angioplasty, and 14-mm-diameter nitinol stents were
inserted across the stenoses (open arrows). The stents are overlapped to
allow for further expansion (middle open arrow). Subsequently, normal
flow resulted. There is inflow of unopacified blood in the common
femoral vein (closed arrow)
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reduced when used in conjunction with a plasminogen
activator. A significant incidence of pulmonary embolism
has been reported with the pulse-spray technique, evident
in 18% of patients who underwent treatment for throm-
bosed dialysis grafts using plasminogen activator, but
increasing to 64% when heparin alone was used. The death
rate from pulmonary embolism with catheter-directed
thrombolysis, however, does not differ greatly from that
seen in DVT cohorts with anticoagulation alone [13, 30].

Percutaneous mechanical thrombectomy and thrombol-
ysis have the benefit of not requiring intensive monitoring
of a continuous infusion of thrombolytic agent [37].
However, the risks of vein wall and valve injury may be
higher given the mechanical forces exerted by some of the
equipment. Pharmacomechanical thrombolysis of a specific
region or isolated segment of clot is often quicker and uses
reduced thrombolytic dose with much of what is used being
aspirated back, reducing the systemically absorbed dose
even further (Fig. 3). Compared to catheter-directed
thrombolysis alone in the short term, there is a similar
incidence of adjunctive venoplasty and stenting, compli-
cations, and length of hospital stay. Martinez Trabal et al.
[37] and O’Sullivan et al. [36] report similar figures for
percutaneous mechanical thrombectomy with the Trellis
system, whereby complete clot removal was seen in just 14
and 17% of patients, respectively. However, an improved
result is evident in combination with catheter-directed
thrombolysis of 32%.

Other potential issues with mechanical thrombolysis
devices include a temporary anemia and deterioration in
renal function. This is thought to be due to a varying degree

Fig. 4 A Left external iliac
vein stenosis with a small
amount of thrombus (arrows).
Note the multiple inguinal
collateral venous pathways,
indicating a significant gradient.
B Status after single end-hole
catheter-directed thrombolysis
and a long nitinol stent
placement (arrows). Because
the venous gradient has
disappeared, the collaterals are
no longer filled with contrast
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of hemolysis, seen, for example, with the Trellis system
[21]. O’Sullivan et al. [36] demonstrated a shorter infusion
time and reduced dose, and therefore cost, of lytic drug.
There were no bleeding episodes reported by Hilleman and
Razavi [38], compared to an 8% incidence of major
bleeding with catheter-directed thrombolysis. Chronically
occluded vessels yielded inferior results [40]. The AngioJet
device also causes hemolysis, resulting in decreased white
blood cell and platelet counts in porcine models. Lang et al.
[40] recommend caution in patients who have recently had
a blood transfusion and in children with a lower blood
volume and presumably less reserve.

Postthrombolysis

Despite the method of thrombolysis, if an underlying cause
or lesion can be found and if the DVT is chronic, angio-
plasty with or without stenting can help prevent or prolong
the interval to recurrence [11, 20]. Stenting an underlying
lesion can result in almost 50% improved patency com-
pared with systemic thrombolysis alone [11], with most
patients being women, with a female-to-male ratio of 2.6—1
(Fig. 4). Within the iliac veins, 1% of stents can be
expected to reocclude within 30 days [41] and a >50%
restenosis will be seen in up to 15% of patients at
42 months [11]. Restenosis is more commonly seen in
patients who are postthrombotic, have had a previous DVT,
are hypercoagulable, or have longer length stents, includ-
ing those that extend below the inguinal ligament. Overall,
however, 92% primary assisted patency at 3 years can be
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achieved. The issue of stenting below the inguinal ligament
in cases of proximal DVT has again been brought to light
[42], with >50% stenosis seen in just 5% of all stents at
32 months.

Other Considerations
May-Thurner Syndrome

Iliac vein compression syndrome is typically left-sided
with a compressed proximal left common iliac vein
between the right common iliac artery anteriorly and
vertebral bodies posteriorly (Fig. 5). Vein fibrosis
develops over time as a result of the pulsing artery-on-
vein mechanical trauma, endothelial irritation, and sub-
sequent formation of venous spurs and synechiae. It
usually becomes evident in women during their third or
fourth decades. Magnetic resonance Venogram/computed
tomographic angiogram can help in the diagnosis, where
one may see a >70% compression of the left common
iliac vein. In May-Thurner syndrome, when the under-
lying obstruction is not treated with a stent, there is a
reported 73% recurrence of acute left iliofemoral DVT
[43].

[

Fig. 5 A Recurrent deep-vein thrombosis due to May-Thurner
syndrome diagnosed by ultrasound in a 23-year-old woman. Stenosis
confirmed with venography showed the typical indentation caused by
the right common iliac artery as it crosses the left common iliac vein

Children

There is less evidence available about the investigation and
treatment of suprapopliteal DVT in children. A review
article by Brightwell and Osman [44] summarizes the
available evidence, most appropriate investigations, and
treatment options. They report a bimodal distribution for
thromboembolic disease in children that is seen in the
neonatal period; it is thought to be due to a lack of fibri-
nolytic factors, with a second peak at puberty due to
reduced fibrinolytic activity, resulting in an overall pedi-
atric incidence of approximately 0.5%. Relatively high
incidence is seen within the first year of life in hospitalized
patients as a result of central venous access devices. The
patient most commonly experiences pain and swelling in
the affected limb.

Ultrasound is considered the most appropriate first-line
investigation for pediatric thrombus; however, venography
remains the gold standard, with magnetic resonance
imaging or computed tomography encouraged as adjuncts,
thanks to better definition of the surrounding anatomy. The
child should be assessed for prothrombotic risk factors,
including blood screening. Although there is a lack of
evidence for treatment options in children, at this stage, a
similar algorithm to that used in adults can be used with

-

(arrows). B Balloon venoplasty was performed (arrows) and resulted
in continued patency with 3-year Doppler ultrasound follow-up.
Because 27% will respond to balloon venoplasty alone, in a young
patient, avoidance of a stent should be considered
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initial therapy consisting of immediate heparin and a long-
term vitamin K antagonist such as warfarin. There are no
study data to support thrombolysis, whether pharmaco-
logical or mechanical, although it and surgical thrombec-
tomy can be considered in patients with high thrombus load
where there is threatened loss of life or limb. Prophylactic
optional/removable IVC filters are also being used in select
patients, such as those with contraindications to anticoag-
ulation or with progressive DVT/pulmonary embolism
despite anticoagulation.

Pregnancy

Venous thromboembolism affects up to 3 per 1000 preg-
nant women annually—a rate 10 times more common than
in nonpregnant women [45, 46]. This can be attributable to
hemostatic changes as well as both inherited and acquired
maternal thrombophilias. Treatment options must be care-
fully considered, given the possible inherent hemorrhagic
and teratogenic repercussions for both mother and baby.

Therapy is preferably with low-molecular-weight hep-
arin [47]. Warfarin should not be used, especially between
6 and 12 weeks’ gestation, and after 36 weeks. Therapy
should continue to 6 weeks postpartum, for an overall
minimum term of 6 months [48]. There is a lack of data
regarding thrombolysis, catheter-directed thrombolysis,
and surgical embolectomy in pregnant patients, with sev-
eral reviews and case reports only [49]. If systemic
thrombolysis is to be used, Doreen te Raa et al. [49] have
recently recommended rt-PA rather than streptokinase or
urokinase because of fewer bleeding complications, shorter
duration of administration, and no allergic complications.

Surgical embolectomy should be considered when there
are contraindications to conventional or thrombolytic
therapy, but it should be limited to centers with adequate
surgical and perioperative support. Although it is a rarely
performed procedure, maternal mortality seems low,
although there is a higher rate of fetal death and preterm
delivery. Even more rarely reported is catheter-directed
thrombolysis/thrombectomy in pregnancy. One fetal death
and one preterm delivery resulted in four cases reviewed by
Doreen te Raa et al. [49]. Further evidence is clearly
required before a consensus recommendation can be
considered.

Recommendations for Treatment

In patients with recent internal bleeding, severe hyperten-
sion, or recent cardiovascular accident, thrombolysis of
suprapopliteal DVT is contraindicated and should only be
undertaken after careful consideration of the overall ben-
efit-to-risk profile [11].
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With catheter-directed thrombolysis, major bleeding
complications have been reported in 11% of patients, 39%
of these at the puncture site, yet only 0.4% intracranially.
An overall mortality of 0.4% is predominantly from pul-
monary embolism and intracranial hemorrhage [11].
Despite a 10% incidence of pulmonary embolism, only 1%
has been demonstrated to be symptomatic, suggesting
routine IVC filter insertion may be unwarranted and nec-
essary only in particular cases such as reduced cardiopul-
monary reserve or free-floating thrombus.

Currently, patients with suprapopliteal DVT should
undergo immediate anticoagulation and thrombus removal
if appropriate; they should wear long leg compression
stockings [9, 18] and elevate the leg when not ambulant.
Computed tomographic scans of the chest, abdomen, and
pelvis can help exclude pulmonary embolism and causative
pathologies such as malignancy. If there is IVC thrombus
or free-floating clot on ultrasound, an IVC filter may be
inserted (Fig. 6). Similarly, insertion can be performed if
there is new major thrombus despite adequate anticoagu-
lation [1]. Unfortunately, most patients with iliofemoral
thrombosis are still managed on a standard anticoagulation
protocol, with no immediate thought of thrombus removal
(Fig. 7). We propose an alternative pathway, with priority
given to reduction of thrombus burden. The exact tech-
nique of thrombolysis will vary according to local condi-
tions and availability of equipment. Appendix 1 provides
our guidelines as an example.

Thrombus should be treated acutely. Although treatment
of arterial thrombosis is aimed at a 2-6-h window from
onset in stroke and myocardial ischemia [50], the tissue at
risk with venous thrombosis is far more tolerant to ische-
mia, and a time period of days rather than hours is
acceptable. There are no data to support use of thrombo-
lytic drugs in localized infrapopliteal venous thrombosis,
although a single-dose technique is used for cardiac and
carotid artery thrombosis with positive outcomes. Current
thinking is that the drug would be directed away from the
area of venous thrombosis by blood flow. This hypothesis
remains to be tested.

If no underlying lesion can be found, then no further
intervention is necessary, although thrombophilia screen-
ing is essential. If there is an underlying iliac lesion, then
venoplasty can be performed with or without stenting if
required to maintain patency; however, if a femoral lesion
is found, venoplasty alone is preferable. Some centers
prescribe aspirin and/or clopidogrel for up to 6 weeks after
insertion of an iliac stent [1], although the data supporting
the use of clopidogrel specifically relate to reduced intimal
hyperplasia in coronary stents [51].

After acute anticoagulation with heparin and then
thrombolysis, long-term heparin, or warfarin (international
normalized ratio 2-3) is recommended. Duration should be
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Fig. 6 A Typical patient presentation with extensive iliofemoral
deep-vein thrombosis (DVT) after standard medical therapy for DVT.
An optional Cook Celect IVC filter was inserted before catheter-
directed thrombolysis. The tip-occluding wire of the thrombolysis
catheter is positioned adjacent to the tip of the IVC filter (open
arrow). Thrombus (closed arrow) extended up to the filter. The

for at least 3 months in the setting of transient risk factors,
but at least 12 months if there has been DVT recurrence
[10]. Treatment up to 2 years has been shown to be of
benefit [18], with fewer recurrences the longer the treat-
ment [5, 9, 52, 53], although there is an increased number
of major bleeding events. Such effective thrombus reso-
lution for patients on long-term anticoagulation resulted in
a trial being ceased because it was no longer ethical to
prescribe placebo instead of anticoagulant [4, 10]. When
determining optimal treatment duration, the overall indi-
vidual risk-to-benefit profile must be considered.

Conclusion

liofemoral DVT can be safely and effectively treated at
presentation in most patients with a combination of catheter-
directed thrombolysis and/or mechanical thrombectomy
devices. There is mounting evidence that this approach pre-
serves venous valve function, reduces longer-term venous

central metallic artefact overlying the thrombus is due to umbilical
jewelry. B Status after catheter-directed thrombolysis in the same
patient after removal of the pulse-spray catheter. There is minor
residual thrombus in the inferior portion of the inferior vena cava and
proximal left common iliac vein (closed arrows)

hypertension, and lowers the incidence of postthrombotic
syndrome. After the acute episode, anticoagulation is
required, with duration dependent on many patient factors,
including the presence of an underlying pathology. None of
the evidence available at this time is of a high enough level to
develop clear guidelines for a specific treatment pathway.
Prospective, randomized trials are required, and to this end,
the NHLBI (USA) has funded the ATTRACT (Acute Venous
Thrombosis: Thrombus Removal With Adjunctive Catheter-
directed Thrombolysis) trial, which commenced enrollment
in late 2009 at 35 U.S. centers.

Solitary minor, or below-popliteal, DVT can be safely
treated with compression stockings and anticoagulation
without the need for urgent intervention such as catheter-
directed thrombolysis or mechanical thrombectomy, given
the associated low morbidity and mortality.

New thrombolytics and delivery devices continue to
improve clot lysis and removal; however, the patient risk-
to-benefit profile must always be considered before any
technique is routinely used in practice.

@ Springer
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Diagnosis of DVT:
Clinical: Pain & Swelling
Lab: D-Dimer, Coags
Imaging: USICT/IMR
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Surgery

Saline Angiojet
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Urokinase / t-PA with
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Clinical Review
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Compression Stockings 3yr
(Pandoni et al)

Fig. 7 Clinical pathway for presentation with deep-vein thrombosis

Appendix 1

Notes on iliofemoral deep-vein thrombosis thrombolysis
technique

Choice of Access

Because it is uncommon to find a patent femoral vein on
the same side as an iliac vein thrombosis, in most cases, the
easiest point of access is with the patient prone, from the
popliteal or sural veins. These veins can be identified with
ultrasound, and because the passage of a guide wire is in
the normal direction of flow, the venous valves present no
impediment.

In other cases where a contralateral femoral approach is
used, it can be difficult to advance a catheter into the deep
femoral veins and to negotiate the venous valves, which
occur at approximately 3—4-cm intervals. Access from the
right internal jugular vein is also possible, but longer
catheters are required, and in the femoral segment, the
same issue of venous valve passage applies.

If an inferior vena cava filter is to be placed before
thrombolysis, the use of the internal jugular route allows
the least possible interference with any thrombus in the
inferior vena cava. A retrievable filter with an extended
retrieval time should be used.

Puncture of the popliteal vein under ultrasound avoids
the risk of arterial puncture. In most cases, the artery lies
posterior and medial to the popliteal vein. Placement of a
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7F sheath allows injection of a small amount of contrast to
determine the inferior extent of the thrombus.

Our preferred technique is to advance a Terumo Glide
guide wire up the thrombosed segment, followed by a 5F
catheter with a “hockey stick” or “cobra2” tip configura-
tion. This allows the guide wire—catheter combination to be
steered into the desired position. The uppermost level of
the thrombus is defined by passage of the catheter into the
inferior vena cava unless there is thrombus in the inferior
vena cava (IVC) already.

At this stage, the choice of how to treat the thrombus
with lytic agent (t-PA or urokinase) is the following:

e Inject aliquots of lytic agent with the original catheter
as it is withdrawn. (This technique is less suitable for
large thrombus volumes because larger volumes of lytic
agent are required.)

e Replace the original catheter with a pulse-spray cath-
eter of a treatment length that is at least as long as the
thrombosed segment (maximum is 60 cm).

e Possis device in “power-pulse” and wait mode. This
mode does not aspirate the thrombus; it simply provides
agitation and mixing of thrombus and lytic agent.

e Trellis device agitated lysis, wait, and aspirate.

Which of these is used is a personal preference based on
cost and availability. (We use the Possis device because the
lysed thrombus can be aspirated within 30 min and longer
infusions are not required, but the operation of the Trellis
device is very similar.)

The lytic agent needs time to activate plasmin and for
thrombolysis to occur. With pulse-spray catheters and large
thrombus loads, this is most conveniently left overnight
and the patient returned the next day for completion.

With overnight pulse-spray infusions, relatively large
doses of lytic agent (1-2 million units of urokinase and
10,000 IU heparin) are required, and even so, it is not
uncommon to find that significant residual thrombus
remains. Often a mechanical device or angioplasty is
required to establish patency. This has led to greater use of
mechanical devices such as the Poussis and Trellis devices.

The Possis device and Trellis device are capable of rapid
lysis because of the more effective agitation of thrombus
and the ability to aspirate the thrombus once it is lysed.
Typically we would use 200-500,000 U of urokinase and
5000 IU heparin in the Possis device, depending on the
estimated thrombus burden.

If there is residual old thrombus (older than 7-10 days),
an Arrow Trerotola PTD device or balloon angioplasty
may be used to clear the lumen, and if necessary, any
luminal stenosis may be stented with a 12—16-mm diameter
self-expanding nitinol stent.

These mechanical devices allow the thrombolytic pro-
cedure to be completed in 30-90 min. The attraction of the
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single procedure is that hospital stay is minimized and
complications of bleeding are less likely. The 7F sheath is
removed at the end of the procedure and the affected limb
elevated 30 degrees.

Aftercare

An overnight admission is usual, and the affected leg should
have returned to a more normal appearance by morning. A
degree of hemolysis is expected; it is related directly to the
volume of thrombus treated by mechanical devices.

After flow is established angiographically and there is
no significant residual obstruction from stenosis or
thrombus, low-molecular-weight heparin and warfarin
therapy are begun. Oral anticoagulation (international
normalized ratio 2.5-3.0) is continued for 3-12 months.
The duration of anticoagulation depends largely on the
response, patient compliance, and the managing hematol-
ogist’s opinion. Once the affected leg is of normal caliber,
compression stockings are fitted. On the basis of the
experience of Prandoni et al. [9], patients are encouraged to
wear these stockings for a lengthy period, and at least until
the period of oral anticoagulation is completed.

Review with ultrasound is only indicated in the event of
a return of symptoms. Patients who have had a DVT are
very aware of how their legs should feel.

IVC Filters

Whether to use a protective IVC filter is still controversial,
and no high-level data exist [54]. As part of the informed
consent process, one should offer the patient the choice of
filter or not, as the risk of filter insertion and retrieval is low.

Most people who have performed thrombolysis with IVC
thrombus have seen evidence of pulmonary embolism.
Although theoretically the embolus will have some lytic
agent within it, this is little comfort if a large embolus occurs.

The risk in our experience seems to be higher with
prolonged pulse-spray lysis and when there is significant
thrombus within the IVC itself.

In the case of alocalized iliac or iliofemoral thrombus with
normal lung function, we would not normally insert a filter. If
an IVC filter is used, it should be one that can be easily
retrieved once the thrombotic episode has been resolved.
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