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ABSTRACT

INTRODUCTION

This article presents a review of the treatment of lowerextremity deep venous thrombosis (DVT) with systemic
and catheter-directed thrombolysis (CDT) and percutaneous
mechanical thrombectomy (PMT). Standard treatment
including anticoagulation therapy and compression stockings may not be entirely adequate, because a significant
proportion of patients eventually develop post-thrombotic
syndrome (PTS). Thrombolytic agents might offer a
potential advantage because they cause faster and more
complete clot resolution, which may reduce or prevent
residual vein stenosis and valve damage.

Deep venous thrombosis (DVT) is an important disease
with serious clinical sequelae. Its annual incidence is one
per 1000 patients, but the incidence increases with age.1-3
The therapeutic goals for treating the patient with acute
DVT include prevention of pulmonary embolism (PE),
prevention of recurrent thrombosis and preservation of
venous valve function. Success in the achievement of these
clinical goals will minimise the morbidity and mortality
of PE and will diminish the long-term sequelae of the
post-thrombotic syndrome (PTS).
The current standard of care includes systemic anticoagulation with unfractionated heparin (UH) or lowmolecular-weight heparin (LMWH) followed by oral anticoagulants.4,5 Such a regimen, however, does not promote
lysis to reduce the thrombus load, nor does it contribute to
restoration of venous valve function. Anticoagulation alone,
therefore, might not sufficiently protect the limb from PTS.
Catheter-directed thrombolysis (CDT) and percutaneous
mechanical thrombectomy (PMT) have been proposed as a
new treatment for patients with DVT. Application of these
techniques could potentially result in a lowering of the PTS
syndrome by preservation of the venous valve function.
This article provides a comprehensive review of the literature
evaluating the efficacy and safety of systemic thrombolysis and
CDT and PMT in patients with DVT, with the focus on PTS.

Thrombolytic therapy results in greater lysis, but also in
higher complication rates than does anticoagulation
alone. Major bleeding occurs in 11% of patients treated
with thrombolytic therapy. The incidence of PTS tends to
be lower in patients treated with thrombolytics. However,
several methodological flaws limit the conclusions with
respect to reduction in PTS.
No adequate randomised controlled trials have been
performed comparing CDT or PMT with conventional
therapy. Given the current data, thrombolytic treatment,
CDT or PMT should not be applied except in extraordinary
cases. First, the long-term effectiveness in terms of reducing
PTS, although possible, remains uncertain. Second, the
risks of thrombolytic therapy and PMT are higher. Third,
current conventional therapy is relatively inexpensive,
convenient and safe.

CLINICAL CONSEQUENCES OF DVT

In the acute phase, venous obstruction leads to impaired
venous return and therefore most patients experience leg
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phase have included PTS as a primary endpoint.
Adjunctive treatments such as compression stockings
have been shown to reduce the incidence of the PTS by
50%.23 However, a risk of moderate to severe PTS of
about 10% is reported in patients who receive appropriate
anticoagulation and compression therapy. Proponents of
thrombolytic therapy argue that this rate is high enough
to warrant interventional treatment strategies.24,25

pain and swelling. Patients with extensive thrombosis may
experience more severe symptoms and on rare occasions
develop limb-threatening ischaemia. PE, with its attendant
mortality, is the most devastating complication of acute
DVT.6 Chronically, DVT results in a variable degree of
venous obstruction and valvular incompetence. These
changes can lead to PTS.7
Pathophysiology of PTS
PTS refers to a spectrum of post-thrombotic chronic
venous diseases attributable to venous hypertension and
stasis affecting a limb in which a DVT has previously
occurred. The spectrum of PTS can encompass several
combinations of symptoms in various degrees of severity.
These include a chronic feeling of leg heaviness, leg aching
and venous claudication, oedema, venous varicosities,
and chronic trophic skin changes ranging from hyperpigmentation to frank nonhealing ulceration to fibrotic
scarring.8-10
The pathophysiology is thought to be multifactorial,
including venous obstruction and valvular incompetence;
inflammatory damage caused by the thrombotic process
and subsequent scarring is a likely mechanism. Valvular
incompetence develops most frequently in segments
affected by thrombosis and seldom develops in segments
initially free of thrombus, with total thrombotic occlusions resulting in the highest risk for subsequent valve
insufficiency.11-14 Unlike valvular incompetence, which
can develop shortly after acute DVT, the onset of dermatological manifestations of PTS tends to be much more
delayed, with symptoms usually occurring within two
years after the initial DVT episode.9,15,16

METHODS

Nonconventional thromboablative types of therapy in
acute DVT include systemic thrombolytic therapy,
catheter-directed regional thrombolytic therapy (CDT)
and percutaneous mechanical thrombectomy (PMT).
A study using the electronic literature (PubMed) was
performed using the keywords deep venous thrombosis,
thrombolysis, catheter-directed thrombolysis and mechanical
thrombectomy. Literature was reviewed up to January 2004.
Eighteen controlled trials were identified comparing systemic thrombolytic therapy with standard treatment.26-42
Twelve studies compared streptokinase with heparin
(468 patients), two trials compared urokinase with heparin
(117 patients) and four trials compared tissue plasminogen
activator with heparin (150 patients). There were eight trials
reporting the incidence of PTS after thrombolysis. Only one
trial compared catheter-related thrombolysis with standard
anticoagulant treatment.43 There are no trials comparing
PMT and conventional therapy. For this reason also nonrandomised trials evaluating CDT and PMT are discussed.

S Y S T E M I C T H R O M B O LY T I C T H E R A P Y
CONVENTIONAL ANTICOAGULANT
THERAPY

The rationale for an aggressive thromboablative approach
in acute DVT might be twofold. In the short term, it
consists of preventing PE, achieving rapid reduction of
pain and swelling of the involved leg, and, when applicable,
preventing or allowing more effective management of
phlegmasia cerulea dolens and venous gangrene. The
long-term endpoint of treatment of an acute DVT episode
relates mainly to the prevention of PTS. Rapid thrombus
resolution may offer a potential for prevention of PTS
based on the known favourable effect on the preservation
of venous valvular function. It might also prevent the
development of obstructive disease because it prevents
organisation of an occlusive thrombus, which leads to
downstream venous hypertension.
Tables 126-42 and 229,38,39,44-48 show a summary of the randomised
controlled trials that have compared lytic therapy with
standard heparin in the acute phase and in the long-term.
It has to be noted that there are no trials comparing
thrombolytic therapy with LMWH.

Current conventional treatment of DVT consists of anticoagulation and the use of compression stockings.
Anticoagulation therapy consists of subcutaneous LMWH
or intravenous UH initially, followed by oral anticoagulants.
LMWH is continued for at least five days and coumarin
therapy for at least three months, the total duration varying
according to underlying risk factors for recurrence. In
general, this approach to treatment is effective and safe in
most patients.4,17-20 Anticoagulation therapy has no direct
thrombolytic effect, and thrombus recanalisation largely
depends on the effectiveness of the endogenous fibrinolytic
system and the initial thrombus load. The risk of major
complications in large randomised trials of LMWH is low:
fewer than 5% have recurrent venous thromboembolic
events, fewer than 2% have clinically significant bleeding,
and fewer than 2% have symptomatic PE.4,18,21,22
No major randomised trials of treatment in the initial
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Table 1

Randomised trials comparing systemic thrombolytic and heparin therapy for deep venous thrombosis
NUMBER

VENOGRAPHIC RESULTS
(RESOLUTION)

AUTHOR
(YEAR)

TOTAL

EVALUBLE

TREATMENT

COMPLETE PARTIAL
N (%)
N (%)

NONE
N (%)

MORTALITY PE
N (%)
N (%)

MAJOR
BLEEDING
N (%)

Browse
(1968)

10

5
5

Heparin
SK

0
3 (60)

0
1 (20)

5 (100)
1 (20)

0
0

0
0

0
0

Robertson
(1968)

16

8
8

Heparin
SK

0
0

3 (37)
7 (87)

5 (63)
1 (13)

1 (10)
0

ND
ND

1 (13)
3 (38)

Kakkar
(1969)

20

9
9

Heparin
SK

2 (22)
6 (67)

2 (22)
1 (11)

5 (56)
2 (22)

2 (20)
0

1 (10)
0

2 (20)
2 (20)

Robertson
(1970)

16

7
9

Heparin
SK

2 (29)
6 (67)

5 (71)
3 (33)

0
1 (11)

0
4 (44)

1 (14)
ND

Tsapogas
(1973)

34

15
19

Heparin
SK

1 (7)
10 (53)

14 (93)
9 (47)

0
0

1 (7)
0

ND
ND

Duckert*
(1975)

134

42
92

Heparin
SK

0
39 (42)

4 (10)
23 (25)

38 (90)
30 (33)

0
0

5
7

58 (62)
2 (5)

Porter
(1975)

50

26
23

Heparin
SK

1 (4)
6 (26)

20 (77)
15 (65)

5 (19)
2 (9)

0
1 (4)

0
0

1 (4)
4 (17)

Marder
(1977)

24

12
12

Heparin
SK

0
5 (42)

3 (25)
2(16)

9 (75)
5 (42)

0
1

ND
ND

ND
ND

Arnesen
(1978)

42

21
21

Heparin
SK

16 (76)
6 (29)

0
0

0
1 (5)

3 (14)
3 (14)

Eliott
(1979)

51

25
23

Heparin
SK

0
9 (39)

ND
12 (52)

ND
2 (9)

2 (8)
0

2 (8)
1 (4)

0
2 (8)

Watz
(1979)

35

17
18

Heparin
SK

1 (6)
8 (44)

5 (29)
4 (22)

11 (65)
6 (34)

0
0

1
1

0
0

Schulman
(1986)

38

19
17

Heparin
SK

2 (11)
7 (41)

ND
ND

ND
ND

0
0

0
0

1 (5)
3 (18)

Jeffrey
(1986)

40

20
20

Heparin
SK

1 (5
11 (55)

0
0

19 (95)
9 (45)

ND
ND

ND
ND

ND
ND

Turpie I
(1990)

24

12
12

Heparin
rt-PA

2 (17)
9 (75)

10 (83)
3 (25)

0
0

ND
ND

1 (8)
4 (33)

Turpie II
(1990)

59

30
28

Heparin
rt-PA + heparin

7 (23)
13 (46)

23 (77)
15 (54)

0
0

ND
ND

1 (3)
1 (3)

Goldhaber
(1990)

65

11
32
17

Heparin
rt-PA
rt-PA + heparin

0
2 (6)
1 (6)

2 (18)
18 (56)
8 (47)

9 (82)
12 (38)
8 (47)

0
0
0

ND
ND
ND

0
1 (3)
0

Goldhaber
(1996)

361

9
8

Heparin
rUK

1
1

5
5

3
2

0
0

ND
ND

1
0

Schweizer
(2000)

150

50
50
50

Heparin
UK + heparin
SK + heparin

1 (2)
17 (34)
20 (40)

9 (18)
23 (36)
20 (40)

40 (80)
10 (20)
10 (20)

0
0
0

0
4 (8)
5 (10)

0
4 (8)
5 (10)

5 (24)
15 (71)

PE = pulmonary embolism; SK = streptokinase; UK = urokinase; rUK = recombinant urokinase; rt-PA = recombinant tissue plasminogen activator;
ND = not determined; *not randomised.

efficacy in comparison with standard anticoagulation.
Previous studies suggest that newer and nonocclusive
thrombi are more likely to undergo successful lysis when
compared with older and occlusive thrombi.49

Short-term efficacy
The results of randomised controlled trials assessing the
short-term efficacy of streptokinase, urokinase and rt-PA
compared with heparin are summarised in table 1.26-30,32,33,35-41,48
Most of these trials demonstrate that systemic thrombolytic
therapy more often leads to complete or partial resolution
than does heparin therapy. Complete lysis occurred in
26 to 67% and 0 to 22% of patients, respectively.
Although at least some degree of lysis has been reported
in 50 to 70% of patients treated with thrombolysis, no
single study has had sufficient power to prove its

Long-term efficacy
Eight studies (173 patients) were identified comparing
lytic therapy with UH in which long-term efficacy was
assessed.29,38,39,44-48,50 An additional study has been published
in which patients were randomised to one of several
thrombolytic regimens or UH (250 patients).39 Duration
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Table 2

Long-term results of systemic thrombolytic therapy
RESULTS
VENOGRAMS
AUTHOR
(YEAR)

NUMBER OF PATIENTS
INITIAL

LONG-TERM

Kakkar
(1969)

20

8
7

Bieger
(1976)

10

Common
(1976)

50

TREATMENT

NORMAL N (%)

FUNCTIONAL
PTS* N (%)

CLINICAL
PTS N (%)

6-12 months

Heparin
SK

1 (13)
4 (57)

7 (87)
3 (43)

ND
ND

5
5

3-4 months

Heparin
SK

1 (20)
4 (80)

4 (80)
1 (20)

2 (40)
0

12
15

4-18 months

Heparin
SK

1 (8)
6 (40)

11 (92)
9 (60)

6 (50)
5 (33)

Johansson 57
(1979)

3
5

9-12 years

Heparin
SK

2 (66)
0

1 (33)
3 (100)

2 (66)
4 (80)

Elliott
(1979)

51

20
23

19 months

Heparin
SK

ND
10 (50)

ND
10 (50)

18 (90)
8 (35)

Arnesen
(1982)

42

18
17

6.5 years

Heparin
SK

0
7 (44)

18 (100)
9 (56)

12 (67)
4 (24)

Schulman 38
(1986)

18
17

2-108 months

Heparin
SK

4 (36)
1 (14)

7 (64)
6 (86)

11 (61)
11 (65)

Schweizer 250
(2000)
46
46
50

46

12 months

Heparin
SK (syst) + heparin
UK (syst) + heparin
UK (locoregional) +
heparin
Rt-PA + heparin

5 (11)
23 (50)
14 (30)
13 (26)

41 (89)
23 (50)
32 (70)
37 (74)

41 (89)
23 (50)
32 (70)
37 (74)

11 (22)

39 (78)

39 (78)

50

DURATION OF
FOLLOW-UP

PTS = post-thrombotic syndrome; SK = streptokinase; UK = urokinase; rt-PA = recombinant tissue plasminogen activator, *measured using venography or duplex.

with heparin. Systemic treatment with rt-PA resulted in
one major haemorrhage for every 15 patients treated.51
Aggregating the data across studies in table 1 shows that
9% (range 0 to 38%) of patients receiving thrombolytic
agents have a major bleed compared with only 5% (range
0 to 22%) of patients receiving UH. The wide range can
be explained by more aggressive diagnostic and follow-up
protocols in earlier studies and by the variable definitions of
‘major haemorrhage’. There was no significant difference in
bleeding risk according to route of administration or dose.
Haemorrhage following thrombolytic therapy most
commonly occurs at vascular puncture sites, although
spontaneous haemorrhage, especially gastrointestinal,
retroperitoneal and intracranial, may also occur. Older
age, a higher body mass index, and the performance of
pulmonary angiography have been identified as significant
predictors of bleeding.
Before initiating thrombolytic therapy, patients should
undergo a thorough evaluation to elicit factors that
increase the risk of major haemorrhage. A striking study
is that of Markel et al.52 in which only 15 (7%) of 209
patients with DVT exhibited no contraindications for
thrombolytic treatment.
Risk of PE while receiving the thrombolytic agent is a
theoretical concern. Lensing and Hirsh demonstrated
that in contrast to the haemorrhagic risk, the incidence of
clinically significant PE was quite low.51 However,

of follow-up varied from two months to six years. Most of
the studies invariably did not use a validated scoring system
for assessment of PTS, but relied on clinical assessment.
These assessments were performed at different intervals
in each study and were not always blinded to the treatment
allocation, and in some of the trials assessments were
limited because of significant numbers of patients lost to
follow-up.
Aggregating the data from these studies, the long-term
risk of developing PTS in the thrombolytic groups is 0 to
80%, whereas in the unfractionated heparin group it is
40 to 90%.
The largest study demonstrated relatively poor functional
results (low reflux pathology) in heparin control patients,
giving rise to more symptoms of PTS.39 They also
observed that patients affected by thromboses in the
pelvic region seemed to benefit less from lytic treatment,
which is known due to early collateral formation. Lysis
medication may, thereby, fail to reach thromboses in
pelvic veins due to circulatory bypasses.
Complication rates
Potential complications of thrombolytic therapy include
bleeding and PE. In a meta-analysis Lensing and Hirsh
reported major bleeding events in 13.2% of patients treated
with systemic streptokinase or recombinant tissue plasminogen activator (rt-PA) compared with 3.5% of patients treated
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direct regional infusion of concentrated thrombolytic
agent from an ipsilateral dorsal foot vein into the deep
venous system. Although the latter approach has the
advantage of allowing regional thrombolysis of the crural
veins, which are typically difficult to access with use of
catheter-directed techniques, it is more time-consuming
and requires larger doses of thrombolytic than catheterdirected protocols.53,54 Postprocedurally, all patients should
be started on a long-term anticoagulation regimen with a
target INR of 2.5 to 3.0 for three months unless contraindications exist.

Schweitzer’s data suggest that there is an increased risk
as 4.5% of patients suffered a PE while on lytic therapy.39
Furthermore the prolonged infusion times (two to three
days) typically required to treat iliofemoral DVT can be
difficult to tolerate for some patients, and complications
may become more frequent with longer infusion durations.
Also the cost of thrombolytic infusion, multiple venograms,
repeat laboratory studies and the intensive care unit
monitoring required for thrombolytic therapy in many
centres is substantial.
Failure of lytic therapy
Reasons for lytic therapy to fail include extensive DVT in
which the plasminogen activator does not contact the clot;
old, organised thrombus; inadequate fibrinolytic
response; and premature termination of lytic infusion.49
The success of lysis is related to the amount of fibrin
bound to plasminogen within the thrombus and, therefore,
correlates with the age of the thrombus. Treatment of
patients whose thrombus is more than one week old is less
likely to be successful. Unfortunately, clinicians cannot
accurately determine the age of the clot but must rely on
patient’s symptoms, which in many cases are not closely
related.
In most centres only patients with extensive venous
thrombosis are treated with thrombolytic therapy.
Because these patients frequently have iliofemoral venous
thrombosis, they are likely to have the poorest long-term
outcome. This patient selection process represents an
inherent bias in evaluation of outcome based on therapy.
In such patients, the venous system is frequently occluded
by the thrombus and there is no blood flowing through
the veins involved.

Only one randomised controlled study comparing CDT vs
conventional therapy has been performed.43 This trial is
not reliable, since only 35 of 207 patients were included
in the study. For this reason also the nonrandomised trials
are being discussed (table 3).55-69
Several small series have demonstrated a high efficacy
rate, with reported complete or substantial recanalisation
rates of 60 to 83%.61-63,66,68,69 The success rate of CDT
appeared to be increased by adjunctive procedures such
as angioplasty, stent placement and mechanical
thrombectomy. So far, the largest published experience
with this approach in lower-extremity DVT has been
from the Venous Thrombolysis Registry, which reported a
collective multicentre experience with 287 patients (303
limbs) in whom one-year follow-up was available.60,70 The
location of DVT was in the iliofemoral segment in 71% of
patients with involvement of the inferior vena cava (ICV)
in 21%. Complete thrombolysis was achieved in 31% of
cases, whereas partial (>50%) thrombolysis with restoration
of forward flow was achieved in 52% of patients.
Complications included an 11% incidence of major bleeding
that required transfusion of blood products and a 16%
incidence of minor bleeding. The risks of intracranial
haemorrhage and death were 0.2 and 0.4% respectively.
Although the overall rate of valvular reflux on follow-up
was 58%, valvular reflux occurred in only 28% of patients
in whom complete thrombolysis was achieved. Comerota
et al. demonstrated that patients treated with CDT had
better functioning and well-being, compared with
patients treated with anticoagulation alone.71 Despite the
possible promise of the data, the Venous Registry was not
a randomised trial and lacked a control group treated with
standard anticoagulation. Therefore the data cannot be
used to establish a new standard of care for the treatment
of acute DVT.

C AT H E T E R - D I R E C T E D T H R O M B O LY S I S

Local-regional thrombolytic therapy has emerged in the
past decade as a possible superior approach, allowing
delivery of the pharmacological thrombolytic agent directly
into the venous thrombus. This technique has evolved to
address the main limitations of systemic thrombolysis;
namely, unpredictability of thromboablative effect, high
risk for haemorrhagic complications and high rate of
patient exclusion from therapy because of the need to
adopt stringent selection criteria to avoid haemorrhagic
complications.
The most common agents used are urokinase and rt-PA.
Two groups of techniques have been developed.53 The
first is catheter-directed thrombolysis, which relies on
administration of the thrombolytic agent directly into the
clot with use of a variety of infusion catheters or wires
and from various approaches. The second is flow-directed
regional thrombolytic therapy, which is based on the

The most common complication during CDT is bleeding,
either local from the access site or remote from onset of a
systemic thrombolytic state. Reported rates of major
bleeding requiring transfusion vary widely (0 to 25%),
depending on the dosing regimen, duration of infusion,
extent of concomitant anticoagulation and the specific
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Table 3

Catheter-directed thrombolysis for DVT
AUTHOR
(YEAR)

N

THERAPY

MEAN
TIME OF
LYSIS
(HR)

SIGN
RESOLUTION
N (%)

PARTIAL
RESOLUTION
N (%)

NO
RESOLUTION
N (%)

PTA
N

STENT
N

MAJOR
BLEEDING
N

PE
N

DEATH
N

Molina (1992)

12

UK

70

11 (92)

1 (8)

0

10

5

0

0

0

6 (100)

0

0

0

0

0

0

0

Palombo (1993)

6

rt-PA /
heparin*

*

Emanuelli (1995)

25

UK/SK

48

17 (68)

8 (32)

0

0

0

0

0

0

Semba (1996)

32

UK

30

27 (84)

3 (9)

2 (6)

22

20

0

0

0

Verhaeghe (1997)

24

rt-PA

30

19 (79)

5 (21)

0

0

9

6

0

0

Raju (1997)

24

UK

41

17 (71)

4 (17)

3 (12)

12

6

0

0

Bjarnason (1997)

77

UK

75

61 (79)

0

16 (21)

46

34

5

1

Mewissen (1999)

312

UK

53.4

258 (83)

54 (17)

0

ND

105

54

6

2

Comerota (2000)

54

45 (83)

0

9 (17)

6

0

0

Horne (2000)

10

9 (90)

1 (10)

0

0

1

2

0

Aburhama (2001)

18

UK

15 (83)

1 (5)

2 (11)

10

2

0

0

Chang (2001)

10

rt-PA

9 (90)

1 (10)

0

0

0

0

0

0

Elshawary (2002)**

17
18

Heparin
SK

0
11 (61)

0
7 (39)

17 (100)
0

0
1

0
1

0
0

1
0

0

Castaneda (2002)

25

Reteplase

23 (92)

0

2 (8)

13

1

0

0

Burkart (2002)

5

Tenecteplase

4 (80)

0

1 (20)

0

0

0

0

Cho (2003)***

5

UK

5 (100)

0

0

2

0

0

0

Grunwald (2004)

38
32
12

UK
tPA
rPA

27 (71)
21 (66)
6 (50)

10 (26)
10 (31)
6 (50)

1 (3)
1 (3)
0

0
0
0

2
1
1

ND
ND
ND

0
0
0

rt-PA

24-72

40.6
30.8
24.3

0

0
0
0

0

UK = urokinase; rt-PA = recombinant tissue plasminogen activator; SK = streptokinase; ND = not determined; *rt-PA alternating with heparin infusion;
**randomised study (only 35 of 207 patients were included); ***patients with protein C and S deficiency.

aspiration, mechanical aspiration or ultrasonic lysis.
Some devices are designed to use both mechanical fragmentation and pharmacological lysis.74,75
The use of PMT might offer advantages in DVT. Flow
can be established more rapidly, even though achieving
complete or near-complete thrombus ablation often
requires a combination of pharmacological and mechanical
techniques. Furthermore it can be used primarily in
situations in which rapid venous decompression and
restoration of flow is crucial.76

thrombolytic agent used. It has been shown that prolonged infusions are associated with increased frequency
of haemorrhagic complications, with intracranial bleeding
occurring in as many as 3% of patients receiving systemic
treatment.72,73 Other complications include PE, infections
and sepsis. The need for ICV filtration during endovascular
management of extensive DVT has been debated.
Furthermore, although the medical literature indicates that
CDT of proximal venous thrombosis is quite successful
on a short-term basis, it does not address the long-term
issue PTS prevention.

Technique
The extent of thrombus is determined by imaging with
ultrasound and computed tomography. Cross-sectional
images also reveal other pertinent anatomical factors
such as May-Thurner syndrome, osteophytes, tumours or
masses. Access is obtained peripheral to the thrombosed
segment and an anterograde approach is used. A single
wall puncture of the ipsilateral popliteal vein is made
under ultrasound guidance. If the popliteal vein is
thrombosed, the proximal posterior tibial vein may be
cannulated. Venograms are performed to delineate the
extent of thrombus. Combined mechanical thrombectomy
and pharmacological lysis can take place.

P E R C U TA N E O U S M E C H A N I C A L
THROMBECTOMY

Since outcomes might be optimised with maximum clot
removal, and because thrombolytic agents are less effective
on subacute or chronic thrombus, PMT has emerged as a
potentiator of pharmacological therapy. In addition, some
patients with absolute contraindications to pharmacological
thrombolysis may be candidates for mechanical lysis.
Many devices have been developed recently, most using one
of the following mechanisms to remove clot: rheolytic
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removal of thrombus using a suction catheter or stenting
of a residual clot. This type of therapy has been suggested
as an alternative to standard therapy based on a better
lysis rate of 60 to 80%. Unfortunately, because these rates
are derived from case series and patient registry data,
they are susceptible to selection or reporting bias and the
true benefit may be lower. Furthermore, the bleeding rate
with this therapy is considerably higher than rates with
conventional therapy, even with this select population. It
should be noted that, although CDT and PMT techniques
offer advantages of allowing faster and more complete
clot clearance, which translate into remarkably faster
symptom resolution, to date there have been no randomised trials comparing this form of therapy with conventional anticoagulation in terms of prevention of PTS.
Until such trials are conducted or more clinical experience suggests the superiority of these evolving treatment
modalities in acute DVT, it is important to continue to
restrict aggressive endovascular interventions to situations
in which compelling indications exist (table 5).

There are no controlled studies comparing PMT and conventional anticoagulant treatment. Recent trials evaluating
PMT are described in table 4.77-80 It has to be noted that
these studies evaluated only a small selection of patients.
Potentially significant complications with PMT are PE
and valve damage.74,78,81,82 Because the goal of treatment is
to improve quality of life by increasing the extent of lysis
while minimising complications and cost, prospective
randomised studies comparing PMT vs conventional
treatment should be performed. Patients should be followed
for at least two years to detect valve insufficiency and
signs and symptoms of PTS.

CONCLUSION

It is difficult to draw definitive conclusions based on the
published data on thrombolysis, since studies have
included relatively small numbers of patients, a range of
thrombolytic regimens, and varying durations of follow-up.
Furthermore, outcomes, including the degree of clot lysis
and the incidence of the PTS, have been assessed using a
range of modalities.
When compared with anticoagulation, thrombolytic therapy
for DVT leads to superior short-term venous patency and
a higher risk of major haemorrhage but no difference in
the rates of PE and mortality.
It is not clear how many patients with DVT are actually
candidates for thrombolytic therapy.
One study, for example, found that 194 out of 209
patients (93%) had a contraindication for thrombolysis,
most often recent surgery.52 Elshawary et al. also included
only 35 out of 207 patients.43
Based on this review, there is no advantage in using any
thrombolytic agent over another, or using local vs systemic
administration. There is a need to further evaluate CDT
and PMT. CDT instils the thrombolytic agent directly into
the thrombus and can be combined with mechanical

With respect to the patient characteristics, we need to know
which patients benefit most from aggressive therapy.
Perhaps the younger, healthier patient, who will face many
years of decreased productivity if severe PTS develops, is
the main candidate. In addition, young, healthy patients
possibly have a decreased risk of bleeding related to
thrombolysis.
Future research using randomised controlled studies
should focus on the following key questions:
- Does thromboablative therapy improve long-term outcomes of DVT with a favourable risk-to-benefit ratio
and, if so, which patients are most likely to benefit in
the long term?
- What is the precise role of CDT or PMT in the treatment
of VTE, particularly the use of a low-dose thrombolytic
agent in conjunction with mechanical clot disruption
to minimise bleeding in patients with high risk?

Table 4

Percutaneous mechanical thrombectomy for DVT
AUTHOR
(YEAR)

N

MEAN
DEVICE
FOLLOW-UP
(MONTHS)

THROMBO- SIGNIFICANT/ PE
LYTIC
RESOLUTION
N
N (%)

STENT

MAJOR
BLEEDING
N (%)

DEATH

PTS

Kasirajan
(2001)

17

9

Angiojet

9

10 (59)

0

7

0

0

ND

Delomez*
(2001)

18

29.6

Amplatz/-

0

15 (83)

0

6

0

1

1

Vedantham
(2002)

28

**

28 UK/
rt-PA

17 (62)

0

18

3 (14)

0

ND

Vedantham
(2004)

23

Helix

23
reteplase

19 (83)

0

23

1 (6)

0

2

19.8

PE = pulmonary embolism; PTS = post-thrombotic syndrome; UK = urokinase; rt-PA = recombinant plasminogen activator; ND = not determined;
*only mechanical treatment after failure of conventional heparin after 48 hours + cava filter, **different devices were used: Amplatz, Angiojet, Trerotola and Oasis.
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Table 5

12. Markel A, Manzo RA, Bergelin RO, Strandness DE Jr. Incidence and time

Possible indications for interventional therapy on acute
lower extremity DVT

of occurrence of valvular incompetence following deep vein thrombosis.
Wien Med Wochenschr 1994;144:216-20.
13. Van Haarst EP, Liasis N, van Ramshorst B, Moll FL. The development of

Young or highly functional patients with iliofemoral DVT

valvular incompetence after deep vein thrombosis: a 7 year follow-up

Extensive thrombus burden

study with duplex scanning. Eur J Vasc Endovasc Surg 1996;12:295-9.

Extension to IVC (especially with floating IVC thrombus)

14. Van Ramshorst B, van Bemmelen PS, Hoeneveld H, Eikelboom BC.

Associated findings of venous ischaemia

The development of valvular incompetence after deep vein thrombosis:

Phlegmasia cerulea dolens

a follow-up study with duplex scanning. J Vasc Surg 1994;19:1059-66.

High risk of fatal PE

15. Leizorovicz A. Long-term consequences of deep vein thrombosis.

Symptomatic IVC thrombosis after filter placement

Haemostasis 1998;28:1-7.

Propagation of DVT despite conventional therapy

16. Prandoni P, Lensing AW, Prins MH, Bagatella P, Scudeller A, Girolami A.

High likelihood of underlying anatomic abnormality (previous pelvic
DVT, compression by pelvic tumour, May-Thurner syndrome)

Which is the outcome of the post-thrombotic syndrome? Thromb
Haemost 1999;82:1358.
17. Leizorovicz A, Simonneau G, Decousus H, Boissel JP. Comparison of
efficacy and safety of low molecular weight heparins and unfractionated

According to the current data, thrombolytic treatment
for DVT should not be applied except in extraordinary
circumstances. First, the long-term effectiveness in terms
of reducing PTS, although possible, remains uncertain.
Second, the risks of thrombolytic therapy are high. Third,
current conventional therapy is relatively inexpensive,
convenient and safe.

heparin in initial treatment of deep venous thrombosis: a meta-analysis.
BMJ 1994;309:299-304.
18. Green D, Hirsh J, Heit J, Prins M, Davidson B, Lensing AW. Low molecular
weight heparin: a critical analysis of clinical trials. Pharmacol Rev
1994;46:89-109.
19. Lensing AW, Prins MH, Davidson BL, Hirsh J. Treatment of deep venous
thrombosis with low-molecular-weight heparins. A meta-analysis. Arch
Intern Med 1995;155:601-7.
20. Hirsh J. Comparison of the relative efficacy and safety of low molecular
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