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Summary
The initial goals of treatment for venous thromboembolism
(VTE) are usually achieved with anticoagulation.This review fo-
cuses on fibrinolysis and interventional therapy in VTE, treat-
ments whose indications are much more controversial. The
benefit-to-risk ratio of fibrinolysis in deep vein thrombosis
(DVT) is dubious.Thrombolytic treatment is recommended for
unstable patients with pulmonary embolism (PE),although these
patients represent less than 5% of all patients hospitalized for PE.
The use of thrombolytic treatment in patients with sub-massive
PE remains controversial.Two indications are widely recognized
for inferior vena cava filters: the first is a permanent or tempor-
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ary contraindication to anticoagulation, in patients with proxi-
mal DVT or PE.The second is the occurrence of PE or propa-
gation of the thrombus in patients treated for DVT or recur-
rence in patients with PE.The PREPIC study demonstrated that
in acute VTE, vena cava filters reduced the risk of PE but in-
creased that of DVT and had no effect on survival.The fact that
prevention of PE is mainly observed during the short initial peri-
od following the diagnosis of an acuteVTE event justifies a new
randomized study with the use of retrievable filters as an adju-
vant to anticoagulation in high risk patients with PE.
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Introduction
The initial goals of treatment for venous thromboembolism
(VTE) are to stop clot propagation and prevent early and late re-
currence, pulmonary embolism (PE) and pulmonary hyperten-
sion (a potential complication of multiple recurrent PEs), and for
patients with deep vein thrombosis (DVT) to prevent the post-
thrombotic syndrome. These goals are usually achieved with
anticoagulation using heparin or low-molecular-weight heparin
(LMWH) followed by an oral anticoagulant (1). This article will
focus on the role of fibrinolysis and interventional therapy in
VTE, whose indications are much more controversial compared
with the evidence obtained from numerous trials with heparin
and its derivatives followed by oral anticoagulants.

Fibrinolysis in deep vein thrombosis
The rationale for the use of thrombolysis in DVT is the promise
of dissolving the thrombus within the deep venous system, re-

storing a faster patency of valves and preserving their function. If
this is achieved, the incidence and severity of post-thrombotic
syndrome can theoretically be reduced in the long term. The
benefit on mortality is dubious, as mortality in recent trials of
anticoagulation treatment in DVT is below 4%, after three
months of follow-up (2). Furthermore, mortality related to PE in
this population is below 1%. There is no doubt that fibrinolytic
treatment induces lysis of the deep vein thrombus more rapidly
and more completely than heparin administration in the acute
treatment of DVT; the main problem of such an approach in DVT
is the benefit-to-risk ratio.

Systemic fibrinolysis
In a meta-analysis published in 1984, which included a relatively
low number of patients, recanalization is obtained 3.7-fold more
often in patients receiving fibrinolysis compared with patients
treated with heparin (p < 0.0001) (3). However, there is a major
price to pay for this relative benefit: a 2.9-fold increased risk of
major bleeding (p < 0.04). In a small trial of 65 patients rando-
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mized to receive recombinant tissue type plasminogen activator
(rt-PA) alone, rt-PA plus heparin or heparin alone, Goldhaber et
al. showed a frequency of around 30% of initial lysis in patients
treated with rt-PA alone or associated with heparin. No lysis oc-
curred in patients treated with heparin alone 24–36 hours after
randomization. There was one major complication: a non-fatal
intracranial hemorrhage in a patient who received rt-PA (4).

Table 1 summarizes the results of the Cochrane Database
Systematic Review of Thrombolysis for acute DVT, which in-
cluded 12 studies (5). Complete clot lysis occurred significantly
more often in the treatment group in early follow up (relative risk
[RR] 0.24, 95% confidence interval [CI] 0.07–0.82), and in late
follow up (RR 0.37, 95 % CI 0.25–0.54). There was a signifi-
cantly lower incidence of post-thrombotic syndrome in patients
receiving fibrinolysis (RR 0.66, 95% CI 0.47–0.94]. The inci-
dence of leg ulceration, which occurs in the more severe form of
post-thrombotic syndrome, was also decreased (RR 0.53, 95%
CI 0.12–2.43), but not significantly due to the small number of
observed events. Interestingly, it was also shown that the inci-
dence of bleeding appears to decrease over time with the intro-
duction of stricter selection criteria. However, no significant ef-
fect on mortality was detected in either early or late follow-up,
and the effects on PE and DVT recurrence were inconclusive.

As the long-term benefit on severe post-thrombotic syn-
drome in DVT remains unproven, and due to the risk of major
bleeding, the systemic use of fibrinolysis in patients with DVT is
not recommended. Such a conclusion is supported by the seventh
ACCP conference on antithrombotic and thrombolytic therapy:
“in patients with DVT, we recommend against the routine use of
i.v. thrombolytic treatment (Grade 1A)” (1). In very rare patients
with iliofemoral DVT and phlegmasia cerulea dolens, i.v. fibri-
nolysis can be performed due to the high risk of limb gangrene.
In these cases, the optimum drug, dose and route of adminis-
tration have yet to be determined (5).

Catheter-directed thrombolysis
Catheter-directed thrombolysis has been proposed since the
mid-1990s, but all the studies are open or retrospective (6, 7).
Most studies of local thrombolysis used urokinase, but rt-PA
(0.5–1.0 mg/h) or reteplase (0.5–1.0U/h) can also be used. The
largest study with catheter-directed thrombolysis in DVT is the
National Venous Thrombolysis Registry, which included 287 pa-
tients (71% with iliofemoral DVT) treated with urokinase and

followed up for one year. Complete dissolution of the thrombus
was achieved in 31% of cases, and partial dissolution in 52% (8).
Preservation of valvular function was demonstrated in 72% of
patients with complete thrombolysis. Nevertheless, 34% of the
patients also had a stent placed in the thrombotic vein. A rando-
mized study of only 35 patients compared thrombolysis plus
anticoagulation versus anticoagulation alone in iliofemoral
DVT. Thrombolysis was associated with a six-month improve-
ment in patency rate (71% vs. 12%; p < 0.001) and venous valvu-
lar function (89% vs. 59%; p < 0.04) (10). The long-term bene-
fit of such an approach has not been demonstrated. In fact, ca-
theter-directed thrombolysis is often combined with other invas-
ive techniques, such as mechanical thrombus removal devices or
mechanical fragmentation and/or stent placement, for example
in the case of DVT caused by May-Thurner syndrome (9–13).
The long-term benefit of such an aggressive approach remains to
be demonstrated. Furthermore, the long-term risk of recurrence
in patients with DVT treated by stent placement has never been
adequately assessed after withdrawal of oral anticoagulant. Ca-
theter-directed thrombolysis has been advocated by some auth-
ors in the case of phlegmasia cerulea dolens (14).

Fibrinolysis in PE
The hospital mortality rate of unselected patients with PE has
been estimated to 9%, and depends primarily on hemodynamic
tolerance and underlying disease (15, 16). For clinically stable
patients, the in-hospital mortality rate when using anticoagulant
treatment is between 1% and 2% (17, 18). A recent meta-analy-
sis comparing unfractionated heparin with LMWH for the initial
treatment of PE reported an in-hospital mortality rate of 1.4% for
unfractionated heparin and 1.2% for LMWH (19). However,
more than 25% of patients with low blood pressure die during the
first two weeks (15, 20, 21). In between these two clinical pre-
sentations, several studies have described an intermediate group
of patients with normal blood pressure and right ventricular fai-
lure, as shown by echocardiography, who have an increased mor-
tality rate compared with patients with normal echocardiography
findings (22).

In the ICOPER registry, the mortality was 58% in patients
with hemodynamic instability compared with 15% in clinically
stable patients (15); a systolic blood pressure < 90 mm Hg was
independently associated with an increased mortality (odds ratio
[OR]: 2.9; 95% CI 1.7–5.0). In the same study, the in-hospital
death rate of patients with right ventricular failure was 18%, al-
though the patients with shock were not analyzed separately. An-
other large multicenter registry included 1,001 patients with
major PE, defined as PE and right heart failure or pulmonary hy-
pertension (21). Four patient groups were prospectively defined:
(i) patients with evidence of right ventricular pressure overload
or pulmonary hypertension with normal blood pressure; (ii) pa-
tients with arterial hypotension (systolic blood pressure < 90 mm
Hg or a drop of at least 40 mm Hg for more than 15 minutes) but
without cardiogenic shock or need for catecholamine support;
(iii) patients with arterial hypotension and cardiogenic shock or
catecholamine administration; and (iv) patients who underwent
cardiopulmonary resuscitation. The physician in charge decided
on the treatment. Hospital mortality was 8.1% in group (i),

Table 1: Results of the Cochrane collaboration concerning
thrombolysis for acute deep vein thrombosis (from ref. 5).

Events RR
(fibrinolysis vs. heparin)

95% CI

Complete clot lysis 0.24 0.07–0.82

Post thrombotic syndrome

Leg ulceration

Normal venous function

Total bleeding

Mortality

Recurrent DVT

0.66

0.53

0.43

1.73

1.33

1.41

0.47–0.94

0.12–2.43

0.06–3.17

1.04–2.88

0.34–5.24

0.37–5.40
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15.2% in group (ii), 25% in group (iii) and 62.5% in group (iv)
(21).

Recently, cardiac biomarkers have been evaluated to select
patients with sub-massive PE. Brain natriuretic peptide, pro-
brain natriuretic peptide, and troponins T and I were all associ-
ated with an increased risk of death in patients with PE. However,
most studies did not carry out separate analyses of patients in a
stable hemodynamic condition and patients with shock. In one
series, the in-hospital mortality of patients with normal blood
pressure, high troponin levels and an enlarged right ventricle was
25% (23). Another study from the same group showed that clini-
cally stable patients with high pro-brain natriuretic peptide levels
had a 17% mortality rate (24). Other markers have been studied,
such as N-terminal pro-brain natriuretic peptide (NT-proBNP) or
troponin. The cut-off level of 1,000 pg/ml for NT-proBNP had a
high negative predictive value, but NT-proBNP ≥ 1,000 pg/ml
did not independently predict an adverse outcome in the absence
of right ventricular dysfunction (25).

Based on clinical examination, PE can be classified in two
main categories: i) massive PE defined by a systolic blood press-
ure ≤ 90 mm Hg or a pressure drop of ≥ 40 mm Hg for at least 15
minutes, and ii) non-massive PE (26). Sub-massive PE is con-
sidered as a subgroup of non-massive PE with evidence of right
ventricular hypokinesis on echocardiography (26). Thrombo-
lytic treatment is recommended for unstable patients with PE, al-
though these patients represent less than 5% of all patients hos-
pitalized for PE (15). However, the use of thrombolytic treatment
in patients with sub-massive PE remains controversial. Some in-
direct evidence supports the use of thrombolysis in these pa-
tients, but controlled studies neither confirm nor exclude a sig-
nificant reduction in mortality as it was summarized in recent
meta-analyses (16, 27). In several studies, the mortality in this
group varied from 0–20%, due to the different criteria used for
definition of right ventricular dysfunction (23–25, 28–34).

Beneficial effects of thrombolytic treatment in PE
Thrombolytic treatment induces a rapid decline of pulmonary ar-
tery resistance in patients with acute PE and pulmonary hyper-
tension. In the PAIMS 2 study, alteplase, given as a 100-mg dose
over two hours, reduced the pulmonary artery mean pressure
from 30.2 ± 7.8 mm Hg to 21.0 ± 6.7 mm Hg after two hours,
whereas no significant change was observed with heparin (35).
Simultaneously, the cardiac index increased significantly in the
alteplase group, whereas no change was observed in the heparin
group. In the UPET study, no significant change in hemody-
namic measurements were observed after 24 hours of heparin in-
fusion, whereas a significant 23% reduction in pulmonary artery
mean pressure was observed in the patients who received uroki-
nase (36). Early reversal of right ventricular dysfunction has also
been documented by serial echocardiography in patients receiv-
ing alteplase compared with patients receiving heparin (37).

Thrombolytic treatment produces a faster decrease in vascu-
lar obstruction compared with treatment with heparin. In the
PAIMS 2 study, the pulmonary vascular obstruction assessed by
the Miller index (an angiographic score of pulmonary vascular
obstruction with a maximum value of 34) decreased signifi-
cantly from 28.3 ± 2.9 to 24.8 ± 5.2 at the end of the alteplase in-
fusion, whereas no significant difference was observed in the pa-

tients who received heparin (35). Using lung scanning, Gold-
haber et al. observed a larger reduction in vascular obstruction 24
hours after the start of treatment with alteplase (37). However,
the difference between thrombolytic therapy and heparin treat-
ment disappeared after seven days (35). These data strongly sug-
gest that thrombolytic therapy produces a much faster improve-
ment in vascular obstruction and hemodynamics than heparin
treatment, but that thrombolytic treatment and heparin produce a
similar improvement after one week.

Bleeding and fibrinolysis in PE
A recent meta-analysis of controlled studies compared thrombo-
lytic treatment with heparin in patients with PE (16). It found that
the overall rate of major bleeding events was 9.1% in the patients
who were allocated to thrombolytic treatment and 6.1% in those
who received heparin, a non-significant increase (OR 1.42; 95%
CI 0.81–2.46). However, intracranial bleeding remains a major
concern in patients receiving thrombolytic treatment; the inci-
dence of intracranial bleeding has been estimated to be 1.9%
(95% CI 0.7–4.1) and is higher than in myocardial infarction
studies (38). Risk factors for major bleeding include older age
and invasive diagnostic procedures (39). As most of the bleeding
events occur at the puncture site, it is essential to avoid invasive
diagnostic procedures to confirm PE when the use of thrombo-
lytic treatment is considered (40). Thrombolytic therapy can be
given through a peripheral line, and a central venous line should
be avoided. In the recent Cochrane collaboration review (27),
whose clinical events are summarized in Table 2, major bleeding
events were not statistically higher in the fibrinolysis group (OR
1.61; 95% CI 0.91–2.86). A slight increased was also observed
for minor hemorrhagic events, but this was not statistically sig-
nificant (OR 1.98; 95% CI 0.68–5.75).

Results of studies on mortality in massive PE
In patients with massive PE, a single, small randomized trial has
compared streptokinase with heparin. Although 40 patients were
expected to be recruited, the trial was terminated after only eight
patients had been included. All patients had massive PE; four
were allocated to streptokinase and survived, and four were allo-
cated to heparin and died from cardiogenic shock during the 72
hours following randomization (41). These results prompted the
ethics committee to stop the trial. In a recent meta-analysis of the
controlled studies comparing thrombolytic therapy with heparin
in patients with PE, a subgroup analysis was performed for the
studies that included patients with massive PE and shock (16).

Events RR
(fibrinolysis vs.
heparin)

95% CI

Death by all causes 0.89 0.45–1.78

Recurrence of PE 0.63 0.33–1.20

Major bleeding 1.61 0.91–2.86

Minor bleeding 1.98 0.68–5.75

Table 2: Results of the Cochrane collaboration concerning
thrombolysis for pulmonary embolism (from ref. 27).
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The mortality rate in these studies was 6.2% for the patients allo-
cated to thrombolytic treatment and 12.7% for those allocated to
heparin (OR 0.47; 95% CI 0.20–1.10). When recurrent PE and
deaths were considered, the difference was significant, with a
9.4% event rate for patients allocated to thrombolytic treatment
compared with 19% for those allocated to heparin treatment (OR
0.45; 95% CI 0.22–0.92).

The available evidence suggests that thrombolytic therapy in-
duces a reduction in mortality rate in patients with massive PE.
The high mortality rate seen in patients with massive PE, the
early hemodynamic improvement observed with thrombolytic
therapy, the results of the randomized study by Jerjes-Sanchez et
al. and the recent meta-analysis all strongly suggest that throm-
bolytic therapy should be instituted early in patients with mass-
ive PE (16, 41). Guidelines recommend the use of thrombolytic
therapy for patients with massive PE (1, 26).

Results of studies on mortality in sub-massive PE
To date, the largest randomized study assessing thrombolytic
treatment for sub-massive PE included 256 patients with PE and
normal blood pressure who were allocated to receive either hepa-
rin alone or both alteplase and heparin (42). The main endpoint
consisted of the combination of in-hospital death and/or clinical
deterioration requiring an escalation of treatment. This was
achieved in 11% of the patients in the alteplase/heparin group
compared with 24.6% in the heparin group (p = 0.006). The dif-
ference was mainly due to secondary open-label thrombolytic
therapy, which was more frequent in the patients assigned to re-
ceive heparin (23.2%) than in those receiving alteplase (7.6%;
p = 0.001). The death rate was 3.4% for the alteplase group and
2.2% for the heparin group.The unexpected low mortality rate in
patients receiving heparin may be related to the low (30%) pro-
portion of patients with right ventricular dilatation on echoc-
ardiography, or to the early use of rescue thrombolytic treatment
for those patients who did not improve with heparin. Ten other
controlled studies have been conducted to compare thrombolytic
therapy with heparin for patients with PE. These studies were in-
cluded in a meta-analysis that analyzed the outcome of 748 pa-
tients (16). The overall death rate was 4.3% for the patients allo-
cated to thrombolytic therapy compared with 5.9% for those as-
signed to heparin (OR 0.70; 95% CI 0.37–1.30). In a subset of
studies that included only clinically stable patients, the death rate
was 3.3% for those receiving thrombolytic therapy compared
with 2.4% for those allocated to heparin (OR 1.16; 95% CI
0.44–3.05). The current evidence from controlled studies does
not suggest a reduction in the hospital mortality rate among pa-

tients with sub-massive PE receiving thrombolytic treatment.
However, even the meta-analysis was not powerful enough to de-
tect a 50% reduction in the mortality rate with thrombolysis. In
the Cochrane collaboration review (27), similar results were ob-
served with an OR for death rate in the fibrinolysis group of 0.89
(95% CI 0.45–1.78) (Table 2).

Despite negative results from controlled studies, some indi-
rect evidence suggests that thrombolytic therapy may affect the
outcome of patients with sub-massive PE. Goldhaber et al. retro-
spectively analyzed a subgroup of 36 patients with right ven-
tricular hypokinesis who were included in a controlled study
comparing thrombolytic therapy and heparin. They observed
five recurrent PE (two fatal) among 18 patients who were treated
with heparin but no death or recurrent PE among 18 patients who
received thrombolytic treatment (37). In the MAPETT study, the
death rate was higher for patients receiving heparin, whereas
thrombolytic treatment was the only independent predictor of fa-
vorable outcome (32).

The current evidence does not indicate that thrombolytic ther-
apy decreases the mortality rate of patients with sub-massive PE.
International experts have recently expressed different opinions
regarding the indications for thrombolytic therapy in these pa-
tients, demonstrating that a large international randomized study
is needed to clarify this controversial issue (27, 43, 44).

What is the optimal thrombolytic regimen inPE?
Different thrombolytic regimens have been evaluated in con-
trolled trials (Table 3). In the USPET study, urokinase, given as
a bolus dose of 4,400 IU/kg followed by a 12- or 24-hour main-
tenance infusion of 4,400 IU/kg/h, was compared with streptoki-
nase given as a 250,000 IU bolus dose followed by a 100,000
IU/h infusion given over 24 hours (45). The three regimens pro-
duced the same degree of hemodynamic and angiographic im-
provement, with no significant difference regarding major hem-
orrhage. A subsequent European study found no difference con-
cerning safety or efficacy when the same dose of urokinase was
administered over 12 or 24 hours (46).

In two randomized controlled trials, rt-PA given as a two-
hour 100 mg infusion was compared with a 4,400 IU/kg/h infu-
sion of urokinase given over 12 or 24 hours (47, 48). In both
studies, rt-PA produced a faster hemodynamic and angiographic
improvement, but the two drugs achieved the same hemody-
namic improvement by the end of the urokinase infusion. A non-
significant reduction in major bleeding events was observed in
both studies for the patients receiving rt-PA, although the two
studies were not powerful enough to detect a difference in the
major bleeding rates. The same rt-PA regimen was subsequently
compared with a shorter regimen of urokinase, given as a 3-MU
infusion over two hours (49). No difference was observed re-
garding hemodynamic improvement or bleeding between both
groups. More recently, two randomized trials have compared
rtPA with streptokinase given as a 100,000 IU/h 12-hour infusion
or given as a 1.5-MU infusion over two hours (50, 51).Again, the
two-hour regimen of rt-PA produced a faster hemodynamic im-
provement compared with 12-hour of streptokinase infusion,
whereas no difference was observed when the two drugs were
given over two hours. The rate of major bleeding was lower for
patients receiving the two-hour streptokinase infusion than for

Streptokinase
250,000 IU over 15 min + 100,000 IU/h, 12–24 h

1.5 M IU, 2 h

Urokinase
4400 IU/kg over 30 min + 4400 IU/Kg/h, 12–24 h

3 MIU, 2 h

rt-PA
100 mg, 2 h

0.6 mg/kg, 15 min

Table 3:Thrombolytic regimens for pulmonary embolism
evaluated in prospective controlled studies.
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those receiving rt-PA, although this difference was not statis-
tically significant. Two studies compared the efficacy and safety
of 0.6 mg/kg body weight of rt-PA given over a period of 15 mi-
nutes with 100 mg during two hours (52, 53). Hemodynamic im-
provement was slightly but significantly faster for the two-hour
regimen, although the 0.6 mg/kg dose was associated with a non-
significant reduction in major bleeding events.

The role of inferior vena cava filters inVTE
The role of inferior vena cava (IVC) filters in the management of
VTE has recently been reviewed (54).The first IVC filter was the
Mobin–Uddin umbrella in the late 1960s and then the Greenfield
filter in the early 1970s (55, 56). Compared with IVC ligation
and then clips, filters are now easily inserted through a femoral
or jugular vein using local anesthesia and fluroscopic control.
However, numerous complications do persist, such as fracture
and/or migration of these devices (54). Despite the absence of
large evaluations of IVC filters, their rate of implantation has
been very high in some countries with, for example, a 50-fold
higher rate of implantation in the USA compared with Sweden,
during the 1990s (57). A five-fold increase in the number of
caval filters implanted in the USA was reported between 1980
and 1996 (58). Furthermore, it is surprising to see in a recent
prospective US registry of 5,451 patients with acute DVT that
781 patients (14%) had received filters. Among them, one-third
were inserted for prophylaxis rather than accepted indications
such as contraindication to anticoagulant treatment (59).

Several IVC filters exist, nine of which have been approved
by the FDA (8, 54). There are three kinds of devices: permanent,
temporary and retrievable filters. The temporary filters require a
permanent catheter to fix the device and tend to be abandoned.
Alternatively, the retrievable filters can be left in place like a per-
manent filter or retrieved as it was the case with a temporary
filter. Two of them (the ALN and the RNF filters) can be retriev-
ed up to six months after initial placement; among these new de-
vices the ALN filter is certainly the one that has undergone the
most studies (60). However, complication rates and comparison
between the different devices are limited due to the small number
of studies published to date and their short follow-up.

Indications for IVC filter placement
Due to their risk of complication, the small number of controlled
trials available and the potential cost incurred, filter indications
should remain restricted. Table 4 summarizes the indications for
IVC filters in VTE. Two indications are widely recognized as
being appropriate, despite the fact that most clinical data on IVC
filter placement are derived from historic, non-randomized
series (1, 8). The first is a permanent or temporary contraindi-
cation to anticoagulation in patients with proximal DVT or PE.
Absolute contraindications include severe and active visceral
hemorrhage, recent history of brain hemorrhage, recent neur-
osurgical operation or head injury, and the need for major sur-
gery (57). When contraindication to anticoagulants is temporary,
the use of a temporary filter and now of a retrievable filter is logi-
cal.The second indication is the occurrence of PE or propagation
of the thrombus in patients treated for DVT, or recurrence in pa-
tients with PE, despite adequate anticoagulation. It is thus

necessary to ascertain the recurrence and that the patient was in
the therapeutic range during the period preceding the recurrent
event. If not, it is probably more appropriate to equilibrate anti-
coagulation treatment. Investigation of thrombophilia and/or
Trousseau’s syndrome is also mandatory in this setting.

Other debated or debatable indications are based on small
series, and IVC filter placement in these situations should be ad-
dressed by prospective clinical studies. This was realized in a
single randomized trial (the PREPIC study) in patients with
acute proximal DVT confirmed by bilateral venography, with or
without concomitant symptomatic PE, and considered to be at
high risk for PE (61). In a two-by-two factorial design, the auth-
ors randomized 400 patients with proximal DVT to receive a per-
manent vena caval filter (200patients) or no filter (200 patients),
and LMWH (enoxaparin, 195 patients) or unfractionated heparin
(205 patients), followed by at least three months of vitamin K an-
tagonists. The rates of recurrent VTE, death and major bleeding
were analyzed on day 12 and at twoyears.On day 12, 1.1% of pa-
tients assigned to receive filters, compared with 4.8% of patients
in the no-filter group, had had symptomatic or asymptomatic PE
(OR 0.22; 95% CI 0.05–0.90). By contrast, at two years, 20.8%
of patients assigned to the filter group, compared with 11.6% of
patients assigned to the no-filter group, had had symptomatic re-
current DVT (OR 1.87; 95%CI 1.10–3.20). There were no sig-
nificant differences in mortality or in the other outcomes. Re-
cently, the results of an eight-year follow-up of 99% of patients
included in the PREPIC study have been reported. Symptomatic
PE occurred in nine patients in the filter group (cumulative rate
6.2%) and 24 patients (15.1%) in the no-filter group (p = 0.008).
DVT occurred in 57 patients (35.7%) in the filter group and 41
(27.5%) in the no-filter group (p = 0.042). A similar rate of post-
thrombotic syndrome was observed in 70% of both groups, the
most common signs reported being edema and varicose veins.At
eight years, 201 (50.3%) patients had died (103 and 98 patients

Accepted (appropriate) indications

Contraindication (temporary or definitive) to anticoagulant treatment and
recent proximal DVT or PE

Failure of adequate anticoagulant treatment:
Documented PE
Documented propagation of DVT

Debated indications

Pulmonary thromboembolectomy patients

Post-embolic pulmonary hypertension

Adjuvant preventive treatment before high-risk surgery in high-risk patients
or in major trauma patients

Debatable indications

Thrombolysis of ilio-caval thrombus or extensive free-floating iliofemoral
thrombus

Proximal DVT or PE and thrombolytic treatment

Cancer patients

Exclusive preventive treatment before high-risk surgery or in major trauma
patients

Table 4: Indications for IVC filters (adapted from ref. 1, 54 and
57).
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in the filter and no-filter groups, respectively) (62). The take-
home message from PREPIC is that vena cava filters reduced the
risk of PE but increased that of DVT and had no effect on sur-
vival. Although their use may be beneficial in patients at high
risk of PE, systematic use in the general population with VTE is
not recommended. The fact that prevention of PE is mainly
required during the short initial period following the diagnosis of
an acute VTE event justifies a new randomized study with the
use of retrievable filters as an adjuvant to anticoagulation in
high-risk patients. This could demonstrate an initial benefit on
PE, without the drawback of an increased rate of late recurrent
DVT. Nevertheless, in DVT without concomitant PE it is doubt-
ful that vena cava filters in association with anticoagulation
would be useful. High-risk patients, with sub-massive PE, would
probably be a better subset of patients in terms of eligibility for
adjuvant IVC filters. As recently reported, the PREPIC study,
and now the new retrievable filters, raise more questions than
they answer (63), highlighting the need for more clinical trials.

Other invasive approaches in the treatment of PE
The role of mechanical devices and embolectomy in PE has been
recently reviewed by Greenfield (64). These techniques are re-
served for patients with massive PE, refractory to medical man-
agement including thrombolysis, or for patients with an absolute
contraindication to thrombolysis. Open pulmonary embolectomy
on cardiopulmonary bypass consists, once the patient is safely on
bypass, to open the pulmonary artery after sternotomy and to
extract the emboli using forceps, balloon catheters, irrigation and
manual massage of the lungs. The mortality rate for surgical em-
bolectomy exceeds 30% at experienced centers (65, 66).

Percutaneous embolectomy is a less invasive option than
open embolectomy in these patients (64). As this technique is
performed in patients with acute pulmonary hypertension, car-
diac arrest during the procedure is associated with the injection
of contrast material, which must be carried out with caution,
using small quantities. Cardiac arrest can also occur as a conse-
quence of fragmentation of the thrombi during the procedure.
Several devices, such as rotational catheters, jet-vortex catheters,
impeller catheters, rotatable pigtail catheters, and aspiration de-
vices have been designed for percutaneous embolectomy. The
principle of percutaneous embolectomy is to fragment, aspirate
and migrate to the periphery the part of the thrombi occluding

proximal pulmonary arteries. Rapid relief of central obstruction
to the periphery could allow a rapid decrease in obstruction and
hypertension associated with an increased cardiac output, based
on the premise that the cross-sectional area of the distal arteries
is several time that of proximal arteries (8). Percutaneous embo-
lectomy can also be used in conjunction with local adminis-
tration of fibrinolytic therapy, which will facilitate fragmen-
tation; fragmentation exposing a larger surface area of thrombi
will also facilitate thrombolysis (67).

A few cases of pulmonary stenting in the proximal main ar-
tery have been reported in life-saving therapy when other percut-
aneous treatments have failed. The long-term fate of stents in the
pulmonary artery is unknown (8, 64).

In DVT, surgical embolectomy, percutaneous mechanical
thrombectomy and the association of venous angioplasty and
stenting have also been used (reviewed in 7, 8). Recent recom-
mendations have stated that in DVT, surgical thrombectomy is
commonly complicated by a local recurrence of thrombosis (1).
A high percentage of patients require secondary re-intervention
or secondary angioplasty with or without stent and long-term
anticoagulation. For these reasons and the absence of proven
benefit compared with anticoagulation alone, thrombectomy
cannot be recommended in the vast majority of patients with
proximal DVT.

Conclusion
The indications of fibrinolysis, vena cava filters and/or interven-
tional therapies are not indicated in the majority of patients with
VTE. In the subset of the most severe patients with a life-
threatening disease, these approaches are certainly useful in our
armamentarium. In all the other situations, we need some future
trials which must be large enough to detect significant clinical
outcomes and last long enough to estimate the long-term benefit
or harm of the proposed therapeutic strategies.
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