The New England
Journal of Medicine

© Copyright, 1998, by the Massachusetts Medical Society

VOLUME 338

FEBRUARY 12, 1998

S

5

NUMBER 7

A CLINICAL TRIAL OF VENA CAVAL FILTERS IN THE PREVENTION OF
PULMONARY EMBOLISM IN PATIENTS WITH PROXIMAL DEEP-VEIN
THROMBOSIS

Herve Decousus, M.D., ALAIN Leizorovicz, M.D., FLoreNcE PARENT, M.D., Yves PaGge, M.D., BERNARD TARDY, M.D.,
PHiLIPPE GIRARD, M.D., SiLvy LAPORTE, B.S., RENE FAIVRE, M.D., BERNARD CHARBONNIER, M.D.,
FABRICE-GUY BARRAL, M.D., YANN HUET, M.D., AND GERALD SIMONNEAU, M.D.,

FOR THE PREVENTION DU RisQUE D'EMBOLIE PULMONAIRE PAR INTERRUPTION CAVE STuDY GROUP*

ABSTRACT

Background The efficacy and safety of vena caval
filters in the prevention of pulmonary embolism in
patients with proximal deep-vein thrombosis are still
a matter of debate.

Methods Using a two-by-two factorial design, we
randomly assigned 400 patients with proximal deep-
vein thrombosis who were at risk for pulmonary em-
bolism to receive a vena caval filter (200 patients) or
no filter (200 patients), and to receive low-molecular-
weight heparin (enoxaparin, 195 patients) or unfrac-
tionated heparin (205 patients). The rates of recur-
rent venous thromboembolism, death, and major
bleeding were analyzed at day 12 and at two years.

Results At day 12, two patients assigned to receive
filters (1.1 percent), as compared with nine patients
assigned to receive no filters (4.8 percent), had had
symptomatic or asymptomatic pulmonary embolism
(odds ratio, 0.22; 95 percent confidence interval, 0.05
to 0.90). At two years, 37 patients assigned to the fil-
ter group (20.8 percent), as compared with 21 pa-
tients assigned to the no-filter group (11.6 percent),
had had recurrent deep-vein thrombosis (odds ratio,
1.87; 95 percent confidence interval, 1.10 to 3.20).
There were no significant differences in mortality or
the other outcomes. At day 12, three patients as-
signed to low-molecular-weight heparin (1.6 percent),
as compared with eight patients assigned to unfrac-
tionated heparin (4.2 percent), had had symptomatic
or asymptomatic pulmonary embolism (odds ratio,
0.38; 95 percent confidence interval, 0.10 to 1.38).

Conclusions In high-risk patients with proximal
deep-vein thrombosis, the initial beneficial effect of
vena caval filters for the prevention of pulmonary
embolism was counterbalanced by an excess of re-
current deep-vein thrombosis, without any differ-
ence in mortality. Our data also confirmed that low-
molecular-weight heparin was as effective and safe
as unfractionated heparin for the prevention of pul-
monary embolism. (N Engl J Med 1998;338:409-15.)
©1998, Massachusetts Medical Society.

LACING a barrier in the inferior vena cava

to prevent pulmonary embolism arising from

venous thrombi was first suggested by Trous-

seau in 1868.! The procedure became com-
mon after intracaval filters became available in the
late 1960s.2 However, unfractionated heparin fol-
lowed by oral anticoagulants for three months pre-
vents pulmonary embolism in 95 percent of patients
with proximal deep-vein thrombosis.3* In these pa-
tients, the generally accepted indications for filter
placement are therefore restricted to contraindica-
tions to or failures of anticoagulant therapy.>”

The ease of insertion of the new filters by the per-
cutaneous route and the reportedly low complica-
tion rates have increased their use and probably wid-
ened the indications for their use.310 According to
industry sources, 30,000 to 40,000 filters are insert-
ed each year in the United States.!® Among patients
who have received filters and anticoagulants,® be-
tween 10 and 50 percent have presented with acute
deep-vein thrombosis and concomitant pulmonary
embolism,!! chronic cardiac or pulmonary insuffi-
ciency,!213 advanced age,* cancer,!s or large proxi-
mal!¢ or free-floating!¢!7 thrombi. Evidence support-
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ing the effectiveness of filters is lacking because
there have been no randomized trials.>!812 We un-
dertook a randomized trial to evaluate the benefits
and risks of prophylactic filter placement in addition
to anticoagulant therapy in patients with proximal
deep-vein thrombosis who were considered to be at
high risk for pulmonary embolism.
Low-molecular-weight heparins have been shown
to be at least as effective and safe as unfractionated
heparin in the treatment of deep-vein thrombosis.
There was a need to evaluate these compounds in
patients presumed to be at high risk who might re-
ceive a vena caval filter for prophylactic purposes. A
two-by-two factorial design allowed us to compare
both the use of a filter with no filter and low-molec-
ular-weight heparin with unfractionated heparin.

METHODS
Study Design

In a multicenter, randomized, open trial at 44 centers in
France, we compared the installation of a permanent vena caval
filter with no filter and fixed-dose subcutaneous low-molecular-
weight heparin with adjusted-dose intravenous unfractionated
heparin. The protocol was approved by the institutional review
boards of all participating institutions.

Patients

Consecutive hospitalized patients over 18 years of age were eli-
gible if they had acute proximal deep-vein thrombosis confirmed
by venography, with or without concomitant symptomatic pulmo-
nary embolism, and if their physicians considered them to be at
high risk for pulmonary embolism. Patients were excluded if they
had any of the following: placement of a previous filter, contra-
indication to or failure of anticoagulant therapy, curative antico-
agulant therapy lasting more than 48 hours, an indication for
thrombolysis, short life expectancy, allergy to iodine, hereditary
thrombophilia, severe renal or hepatic failure, pregnancy, or likeli-
hood of noncompliance. After the patients gave written informed
consent, randomization (stratified according to center) was per-
formed by means of a central 24-hour computer telephone system.

Treatments

Four types of permanent vena caval filters were used: Vena Tech
LGM (B. Braun, Boulogne, France), titanium Greenfield (Boston
Scientific, Watertown, Mass. ), Cardial (Bard, Saint-Etienne, France),
and Bird’s Nest (Cook Group, Bloomington, Ind.). These percu-
taneous filters were inserted under fluoroscopic control through
a femoral or jugular vein immediately after the patient was ran-
domized and cavography was performed.

Patients assigned to unfractionated heparin (Fournier, Paris) re-
ceived an intravenous bolus dose of 5000 IU, then a continuous
intravenous infusion of 500 IU per kilogram of body weight per
day for 8 to 12 days, adjusted according to the activated partial-
thromboplastin time so that the ratio of the patient’s value to the
control value remained between 1.5 and 2.5, according to the re-
agent used. Tests were performed four to six hours after the be-
ginning of treatment or after a subtherapeutic activated partial-
thromboplastin time had been recorded, and then at least daily.
Patients assigned to low-molecular-weight heparin were given a
weight-adjusted dose (1 mg, or 100 International Factor Xa In-
hibitory Units, per kilogram) of subcutaneous enoxaparin (Bellon
Rhéne-Poulenc Rorer, Montrouge, France) every 12 hours for
8 to 12 days.

Warfarin or acenocoumarol therapy was started on day 4 and
continued for at least three months. The dose was adjusted to
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achieve an international normalized ratio of 2 to 3. Treatment
with either unfractionated heparin or low-molecular-weight hep-
arin was continued until the international normalized ratio was
2 or more for two consecutive days. If the use of an oral antico-
agulant was not possible, subcutaneous unfractionated heparin
was used (ratio of activated partial-thromboplastin time to con-
trol value, 1.5 to 2) for at least three months. Graded-compres-
sion stockings were prescribed for the same period.

Base-Line Evaluation of Pulmonary Perfusion

All patients underwent base-line ventilation—perfusion scan-
ning within 48 hours of enrollment. Pulmonary angiography was
performed if the ventilation—perfusion scan was not available and
was strongly recommended if the ventilation—perfusion scan was
abnormal. A diagnosis of initial pulmonary embolism was made
if there were positive findings on pulmonary angiography (in-
traluminal filling defect or sudden arterial cutoff) or, when pul-
monary angiography was unavailable, if a ventilation—perfusion
scan showed a high probability of pulmonary embolism.20

Follow-up and Surveillance

When clinically suspected pulmonary embolism occurred dur-
ing the first 12 days, a ventilation—perfusion scan was obtained.
Pulmonary angiography was performed if the ventilation—perfu-
sion scan showed that the patient’s condition was becoming
worse (at least one new segmental perfusion defect) or if a scan
could not be obtained. The same procedure was systematically
performed between days 8 and 12 in all patients in whom pulmo-
nary embolism was not confirmed before that date, in order to
detect asymptomatic embolism. During initial treatment, full blood
counts were obtained at base line, then twice weekly and when
there was any bleeding.

At discharge, all patients and their general practitioners were
asked to report any new symptoms of recurrent venous throm-
boembolism or any bleeding to the investigating center immedi-
ately. Follow-up visits were scheduled at three months and one
year. At two years, the patient received a telephone call from a
physician from the coordinating center who was unaware of the
treatment assignments. During each visit or telephone call, the
patient was asked about new symptoms of thromboembolic or
hemorrhagic events and was asked to come to the investigating
center again if such symptoms developed. For all events, radiolog-
ic, biologic, and clinical data, obtained at the time of occurrence,
were recorded centrally by the coordinating center.

Assessment of Outcome Events

The primary outcome event was the occurrence of pulmonary
embolism, either symptomatic or asymptomatic, within the first
12 days after randomization. Diagnosis of pulmonary embolism
was based on a comparison between the base-line findings and
those obtained when pulmonary embolism was suspected or be-
tween days 8 and 12. The angiographic diagnosis required the
visualization of a new intraluminal filling defect or a sudden new
arterial cutoff. When pulmonary angiography was unavailable, the
diagnosis based on the ventilation—perfusion scan required the
visualization of at least two new segmental mismatched perfusion
defects, with no current improvement in other areas in cases of
initial extensive perfusion defects.2122 Symptomatic pulmonary
embolism included fatal pulmonary embolism diagnosed on the
basis of strong clinical evidence or at autopsy.

Secondary outcome events were all symptomatic and included
pulmonary embolism, recurrent deep-vein thrombosis, death,
major filter complications, and major bleeding during the two-
year follow-up period. Diagnosis of recurrent venous throm-
boembolism was based on a comparison between the previous
findings and those obtained when thromboembolism was sus-
pected. The diagnostic procedures for pulmonary embolism were
identical to those for the primary outcome event. Recurrence of
deep-vein thrombosis was diagnosed if there was a new intralumi-
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nal filling defect on venography or if there was a lack of compress-
ibility at a new site or an extension to a new venous segment of
the thrombus on duplex ultrasonography.232¢ In suspected venous
thromboembolism, patency of the filter had to be assessed by du-
plex ultrasonography, cavography, or abdominal computed to-
mography. Major filter complications included thrombosis at the
filter site, erosion into the wall of the vena cava, infection, and
migration of the filter. Major bleeding was defined as overt hem-
orrhage that was fatal or that required transfusion of at least two
units of red cells, surgical intervention, or cessation of treatment.

All pulmonary investigations performed within the first 12 days
and all documented symptomatic events, including deaths, were
validated by an independent adjudication committee whose
members were unaware of the treatment assignments.

Statistical Analysis

The incidence of symptomatic pulmonary embolism in patients
with proximal deep-vein thrombosis who were treated with intra-
venous unfractionated heparin alone was estimated to be about
1 to 2 percent during the first 12 days of treatment.2%26 Since we
decided to study a population presumably at high risk and also to
consider both symptomatic and asymptomatic pulmonary embo-
lism, we estimated that this incidence would be about 5 percent
in the no-filter group and 1 percent in the filter group.s A reduc-
tion in the incidence of pulmonary embolism from 5 to 1 per-
cent, with a two-tailed test at an alpha level of 5 percent and a
beta risk of 10 percent, would require a sample size of 400 pa-
tients per group, or a total of 800 patients. However, the study
was interrupted when, after the enrollment of 400 patients over
four years, the steering committee, unaware of the results, decid-
ed that the slow recruitment rate was not compatible with con-
tinuation of the study.

All analyses were performed on an intention-to-treat basis. The
chi-square test, Fisher’s exact test, and Student’s t-test were used.
For long-term end points, Kaplan—-Meier analysis of the cumula-
tive rate of events was performed. Data on patients who died or
were lost to follow-up were censored. Statistical significance was
assessed with the Mantel-Haenszel method. Because of the fac-
torial design, tests for interaction were performed.?”

RESULTS
Study Population

Between September 1991 and February 1995,
400 patients were recruited. The log books, which
were available from 13 centers (from which 272 pa-
tients were enrolled), recorded 735 patients who
met the inclusion criteria. Of these, 370 (50 percent)
were excluded, for the following reasons: placement
of a previous filter (30 patients), contraindication to
or failure of anticoagulant therapy (40 patients), an-
ticoagulant therapy lasting more than 48 hours
(88 patients), indication for thrombolysis (52 pa-
tients), short life expectancy (58 patients), follow-up
impracticable (43 patients), and other reasons (59
patients). Of the 365 cligible patients, 93 did not
consent to participate.

Of the 400 patients, 200 were randomly assigned
to receive filters and 200 to receive no filters; 195
patients were randomly assigned to receive low-
molecular-weight heparin and 205 to receive unfrac-
tionated heparin. The base-line characteristics of the
treatment groups were similar (Table 1). A total of
197 patients presented with initial pulmonary em-
bolism (145 symptomatic and 52 asymptomatic pa-
tients), which was confirmed by angiography in 84
percent of patients and by ventilation—perfusion
scanning in 16 percent of patients. Ninety percent
of patients presented with at least one, and 61 per-
cent with at least two, of the following features: ini-
tial symptomatic pulmonary embolism, chronic car-
diac or respiratory insufficiency, age of more than 70
years, cancer, or iliocaval thrombosis.

TABLE 1. BASE-LINE CHARACTERISTICS OF THE STUDY PATIENTS.

FILTER
CHARACTERISTIC (N=200)
Mean (=SD) age — yr 73x11
Male sex 92 (46)
History of venous thrombo- 70 (35)
embolism
Chronic cardiac or respiratory 47 (24)
insufficiency
Surgery in past 60 days 17 (8)
Cancer 32 (16)
Upper limit of deep-vein thrombosis
Popliteal 13 (6)
Femoral 113 (56)
Tliac 70 (35)
Caval 4(2)
Symptomatic initial pulmonary 77 (38)
embolism
Asymptomatic initial pulmonary 25 (12)

embolism

Low-
MOLECULAR-
WEIGHT UNFRACTIONATED
No FiLTER HEPARIN HEPARIN
(N=200) (N=195) (N =205)
72*11.5 73+10.5 72x12
number (percent)
98 (49) 93 (48) 97 (47)
71 (36) 70 (36) 71 (35)
39 (20) 50 (26) 36 (18)
26 (13) 18 (9) 25 (12)
24 (12) 24 (12) 32 (16)
10 (5) 15 (8) 8 (4)
105 (52) 102 (52) 116 (57)
77 (38) 74 (38) 73 (36)
8 (4) 4(2) 8(4)
68 (34) 68 (35) 77 (38)
27 (14) 24 (12) 28 (14)
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