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Thrombosis research paper

Background and Objectives. Body weight-adjusted
subcutaneous low molecular weight heparin (LMWH) has
been proven to be more effective and safer than aPTT-
adjusted intravenous unfractionated heparin (UFH) for
the initial treatment of patients with acute symptomatic
deep venous thrombosis (DVT) based on analyses pool-
ing the results of studies with different LMWHs. We inves-
tigated whether these findings hold for a particular LMWH
by pooling the results of two independent studies. 

Design and Methods. Patients with acute symptomatic
proximal DVT (n=1758), proven by ascending phlebogra-
phy or compression ultrasound, received either a fixed,
body weight independent dose of 8,000 IU Certoparin
b.i.d. (n=893) for 8.6 days or intravenous UFH (n=865)
adjusted to an 1.5 to 3.0-fold prolongation of the aPTT for
12.0 days both followed by vitamin K-antagonists for 6
months. 

Results. Venous thromboembolism (VTE) re-occurred
in 5.1% and 3.1% (RRR 0.62, CI 0.39-0.98, 2p=0.04),
major bleeding in 3.5% and 1.9% (RRR 0.55, CI 0.31-
0.99, 2p=0.05), mortality in 3.6% and 2.1% (RRR 0.59,
CI 0.34-1.04, 2p=0.08), and the composite outcome of
all three events in 10.3% and 6.3% (RRR 0.61, CI 0.44
to 0.84, 2p=0.002) of patients at 6 months initially ran-
domised to UFH and LMWH, respectively.

Interpretation and Conclusions. The initial treatment
of acute DVT with a fixed dose of the LMWH, certoparin,
is more effective in reducing, over 6 months, the re-occur-
rence of VTE and the composite outcome of recurrent VTE,
major bleeding, and mortality without any relation of the
bodyweight of the patients to recurrent venous throm-
boembolism or major bleeding complications.
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Comparison of six-month outcome of patients initially treated for acute deep
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Individual studies have shown a comparable or bet-
ter efficacy and safety of subcutaneous body-weight
adjusted low molecular weight heparin (LMWH) as

compared to intravenous unfractionated heparin for the
initial treatment of patients with acute deep vein
thrombosis.1-3 It is generally accepted that LMWH ther-
apy does not require anticoagulant monitoring.4 This is
based on the pharmacological properties of these drugs,
including less binding to plasma proteins such as fib-
rinogen, platelet factor 4, alpha-1 acid glycoprotein,
and to platelets, macrophages and granulocytes.5 Less
binding to platelets results in a reduced risk of bleed-
ing complications and less binding to macrophages
results in a higher bioavailability of nearly 100%. The
biological half-life on factor Xa inhibition is twice as
long as for unfractionated heparin,6,7 resulting in a more
predictable anticoagulant response.8 However, the
necessity of adjusting the dose of LMWH to the patien-
t’s body-weight has not been established and is ques-
tionable given the distribution volume of LMWH in
humans. 

Meta-analyses demonstrated a lower incidence of
recurrent venous thromboembolism, major bleeding and
mortality 3 to 6 months after initial treatment with
LMWH than after treatment with unfractionated
heparin.9-11 However, pooling data from clinical studies
may encounter difficulties such as the comparability of
low molecular weight heparins.12 One recent analysis
demonstrated differences in venous thromboembolism
recurrence and major hemorrhage rates dependent on
the type of LMWH .13 On the other hand, another study
showed that the efficacy of two LMWH preparations
was similar if proven effective doses were used to treat
acute deep vein thrombosis.14

To document the efficacy and safety of a single
LMWH, two independent clinical studies were per-
formed with an almost identical study design.15,16 We
took advantage of this similarity and pooled the out-
comes in order to assess the efficacy and safety out-
comes over six months in patients with acute deep vein
thrombosis treated initially with LMWH certoparin.

Design and Methods
Study design

The two studies15,16 were multicenter, randomized
clinical trials comparing fixed-dose, body weight-inde-
pendent subcutaneous LMWH with aPTT-controlled
intravenous unfractionated heparin in patients with
acute proximal deep vein thrombosis. In the participat-
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ing countries treatment is routinely given with
dose-adjusted intravenous unfractionated heparin
in hospitalized patients. Patients ≥ 30 years of age
with acute symptomatic proximal deep vein throm-
bosis (i.e. thrombosis in the popliteal or more prox-
imal vein) documented by ascending venography
according to Rabinov and Paulin17 or by compres-
sion sonography,18 were eligible. Patients were
excluded from the study if they had one of the fol-
lowing: indication for surgical or fibrinolytic treat-
ment of deep vein thrombosis, duration of symp-
toms exceeding 3 weeks, ongoing oral anticoagu-
lation with vitamin K antagonists, renal failure,
severe hypertension, severe hepatic failure, cur-
rently active bleeding, pregnancy, any operation
within the past 8 days, acute severe pulmonary
embolism, platelet count < 100,000/µL, and treat-
ment with heparin > 24 h before inclusion into the
study. The studies were carried out according to
the guidelines of the Declaration of Helsinki. The
study protocol was approved by all institutional
review boards. All patients had to give written
informed consent prior to randomization.

Treatment regimes
Patients received either a fixed dose of 8,000

anti-factor Xa international units (aXa IU) of cer-
toparin (Mono-Embolex® Therapie, Novartis Phar-
ma, Nuremberg, Germany) b.i.d subcutaneously for
10 to 14 days or unfractionated heparin with an
initial bolus of 5,000 IU followed by a continuous
intravenous infusion at an initial rate of 20 IU/kg/h.
The duration of the initial therapy with unfrac-
tionated heparin was 10 to 14 days in the first
study15 and 5 to 8 days in the second study;16 this
difference was the result of changes of the nation-
al recommendations. The dose of unfractionated
heparin was subsequently adjusted to a target acti-
vated partial thromboplastin time (aPTT) of 1.5 to
3-fold the reference value. The aPTT-tests were
performed 4-6 hours after the start of treatment
and if dose adjustment was required, the aPTT was
repeated after 6 hours.

Treatment with vitamin K antagonists was start-
ed within the first week and continued for 6
months. Treatment with the LMWH or unfraction-
ated heparin was stopped as soon as the interna-
tional normalized ratio (INR) was above 2.0 for 2
consecutive days.

Primary outcome measure
Objectively confirmed symptoms of recurrent

venous thromboembolism over 6 months were a
secondary outcome measure in the first study. The
combination of objectively confirmed symptomatic
recurrent venous thromboembolism during the 6
months of follow-up and mortality not caused by
diseases other than pulmonary embolism was the
primary outcome in the other study. Recurrent

thromboembolic complications were defined as
deep vein thrombosis, pulmonary embolism or death
due to pulmonary embolism. Patients with suspect-
ed recurrent deep vein thrombosis underwent
ascending venography. Patients in whom pulmonary
embolism was clinically suspected underwent ven-
tilation-perfusion scanning. Pulmonary embolism
was diagnosed if a high probability perfusion defect
was documented19 or if pulmonary angiography
showed emboli. In case of death, autopsy was per-
formed whenever permission was obtained.

Other outcome measures
Other outcomes were major bleeding and death as

well as the composite outcome of all three events
during the initial therapy and the 6-month follow-
up period. Bleeding was defined as major if it was
overt and associated with a decrease of the hemo-
globin concentration by at least 2g/dL or if a trans-
fusion of more than 2 units of blood was indicated
or if the bleeding was intracranial or retroperitoneal.
An independent and blinded adjudication commit-
tee evaluated all outcomes.

Statistical methods
The analysis was performed on an intention-to-

treat basis. The two treatment groups were com-
pared using Fisher´s exact test, the t-test for inde-
pendent data or the χ2 test. To compare for study
effects the Cochran-Mantel-Haenszel test and the
Breslow-Day test for homogeneity of odds ratios
were used (on medication by event by study) for
thromboembolic and major bleeding events. A logis-
tic regression model was used to investigate the
relationship between thromboembolic events or
major bleedings and study medication and body
weight. Relative risks and the corresponding 95%
confidence intervals were calculated using Mantel-
Haenszel estimates.

Results

One thousand seven hundred and fifty-eight
patients randomly received either unfractionated
heparin or LMWH after objective confirmation of
the diagnosis of acute deep vein thrombosis. Of
these, 893 were assigned to receive subcutaneous
LMWH and 865 to intravenous unfractionated
heparin. No differences in the baseline characteris-
tics of the two treatment groups were detected
(Table 1).

Anticoagulant therapy
The mean (± SD) duration of anticoagulant treat-

ment was 8.6±2.8 days with unfractionated
heparin and 12.0±2.6 days with LMWH, the differ-
ence being due to the shorter treatment period
with unfractionated heparin in the second study.16

The doses of unfractionated heparin were
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1362±374 IU/hr on day 1 and 1229±432 IU/hr on
day 7. Vitamin K antagonist administration was
started on day 4.3±2.9 in patients on unfraction-
ated heparin and on day 7.8±1.8 in patients on
LMWH.

Primary outcome measure
Venous thromboembolism recurred during the

total observation period in 3.1% and 5.1% in the
patients allocated to LMWH and unfractionated
heparin, respectively (relative risk reduction (RRR)
0.62, confidence interval (CI) 0.39 – 0.98, 2p=0.04)
(Figure 1). The incidences of venous thromboem-
bolism during the initial and follow-up periods are
given in Table 2. The higher number of patients
with hereditary thrombophilia in the LMWH group
does not explain the lower incidence of recurrent
venous thromboembolism in these patients.

Other outcome measures
Major bleeding complications occurred in 1.9%

and 3.5% of the patients in the LMWH and unfrac-
tionated heparin groups, respectively (RRR 0.55, CI
0.31 – 0.99, 2p=0.05) (Figure 1). The incidences of
major bleeds during the initial and follow-up peri-
ods are shown in Table 2.

Cochran-Mantel-Haenszel statistics and the
Breslow-Day test for homogeneity of the odds
ratios did not show significant differences between
the studies regarding venous thromboembolism
(Cochran-Mantel-Haenszel Test, p=0.83, Breslow-
Day Test, p=0.16) or major bleeding (p=0.63 and p=
0.72, respectively). The logistic regression analysis
did not show significant effects of body-weight on
venous thromboembolism (p=0.56) or major bleed-
ing (p=0.37).

The total mortality rate was 2.1% and 3.6% in
patients initially randomized to LMWH heparin and
unfractionated heparin, respectively (RRR 0.59, CI
0.34 – 1.04, 2p=0.08) (Figure 1). The frequencies

Table 1. Baseline characteristics of the two treat-
ment groups.

Low molecular Unfractionated p values
weight heparin heparin (2 p)

n=893 n=865

Characteristic
Age (yr., mean + SD) 60.7±14.4 61.5±14.6 0.23
Weight (kg, mean + SD) 81.3±15.7 80.6±15.1 0.37
Gender-female (%) 44.2 43.6 0.81

Predisposing factors (%)
Previous VTE* 14.3 16.7 0.16
Varicose veins 13.3 11.3 0.19
Surgery in past 4 weeks 3.0 2.5 0.57
Previous bedrest > 3 days 10.1 9.7 0.81
Known cancer 5.3 5.2 1.00
Heritary thrombophilia 9.5 6.4 0.017
Heart failure 2.2 2.6 0.76
Hemiparesis > 6 months 1.1 1.2 1.00

*Patients with more than one event were counted only once. Age and
weight were analyzed by the t-test, gender was analyzed by the χ2-test,
all other parameters were analyzed by Fisher’s exact test.

Figure 1. Relative risk reduction (RRR) and 95% con-
fidence interval (CI) of recurrent venous thromboem-
bolism (VTE), major hemorrhage, mortality and the
composite outcome over 6 months after initial ther-
apy of acute deep venous thrombosis with low mole-
cular weight heparin or unfractionated heparin and
oral anticoagulation during follow-up.

Table 2. Incidences of death, recurrent venous throm-
boembolism (VTE), major bleeding and the compos-
ite outcome during initial heparin treatment and the
6-month follow-up.

Event and period LMWH UFH Relative risk Confidence Fisher’s
of occurrence (N=893) (N=865) reduction Interval of Exact Test

(%) (%) relative risk (2p)

Recurrent VTE 
initial treatment 1.6 2.1 0.75 0.38–1.50 0.48
6-month follow-up 1.7 3.2 0.54 0.29–1.00 0.06
total* 3.1 5.1 0.62 0.39–0.98 0.04

Death
initial treatment 0.1 0.3 0.32 0.04–2.76 0.37
6-month follow-up 2.1 3.3 0.63 0.35–1.12 0.14
total 2.1 3.6 0.59 0.34–1.04 0.08

Major bleeding 
initial treatment 0.8 1.7 0.45 0.19–1.10 0.09
6-month follow-up 1.1 1.8 0.65 0.29–1.44 0.32
total* 1.9 3.5 0.55 0.31–0.99 0.05

Composite outcome 
initial treatment 2.2 3.8 0.59 0.34–1.02 0.07
6-month follow-up 4.2 6.9 0.61 0.41–0.91 0.02
total* 6.3 10.3 0.61 0.44–0.84 0.002

*: only one event was counted for the total incidence of events in those
patients who had two events during the two treatment phases.

LMWH better

recurrent VTE

mortality

major bleeding

composite outcome

UFH better 2 p

1010.1

0.04

0.08

0.05

0.002

relative risk reduction
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during the initial and follow-up periods are given
in Table 2. A statistical analysis of an influence of
body weight on mortality was not performed,
because a low body weight is related to age, mul-
tiple concomitant diseases and a poor general
medical prognosis.

The composite outcome of recurrent venous
thromboembolism, death, and major bleeding was
observed in 6.3% of patients initially treated with

LMWH and in 10.3% of those receiving unfrac-
tionated heparin (RRR 0.61, CI 0.44 – 0.84,
2p=0.002, Figure 1). The cumulative incidence is
shown in Figure 2. The day of occurrence of the
outcomes in the two treatment groups is given in
Table 3.

Other findings
Recurrent venous thromboembolism and major

bleeding were not correlated with the body weight
of the patients in either treatment group during the
initial or the follow-up period (data not shown).
Thrombocytopenia without thromboembolism
developed in 14 patients receiving LMWH and in 15
patients receiving unfractionated heparin and in no
patient with recurrent thromboembolism.

Discussion

This pooled analysis of two independent studies
demonstrates that the initial treatment of acute
venous thromboembolism with one type of LMWH
reduces the recurrence of venous thromboembolism
during a follow-up period of 6 months. The produc-
tion of low molecular weight heparins differs from
that of unfractionated heparin, resulting in differ-
ences in pharmacological properties and effective
doses for prophylaxis and treatment of throm-

Table 3. Day of occurrence of death, recurrent venous thromboembolism (VTE) or major hemorrhage during ini-
tial heparin therapy and the 6-month follow-up.

LMWH UFH
(N=893) (N=865)

No. of patients Days after start of therapy No. of Patients Days after start of therapy

Recurrent VTE (non-fatal)
Thrombosis 13 6, 8, 9, 15, 15, 18, 23, 20 4, 6, 6, 9, 10, 16, 17, 24, 24, 27, 29,  

30, 35, 61, 93, 118, 155 39, 50, 71, 85, 105, 116, 129, 166, 171 
Pulmonary embolism 15 0, 1, 1, 1, 1, 1, 2, 2, 5, 18 1, 1, 1, 2, 4, 4, 4, 5, 5, 6, 6, 

8, 11, 41, 58, 76, 155 7, 11, 15, 16, 17, 22, 187
Total 26 35

Death
Pulmonary embolism 2 7, 24 8 3, 18, 19, 30, 50, 165, 166, 174
Hemorrhage 1 155 2 6, 6
Cancer 8 14, 69, 73, 77, 100, 101, 102, 159 11 18, 22, 22, 43, 45, 57, 125, 153, 155, 167, 182
Other 8 21, 35, 38, 74, 84, 114, 123, 173 10 33, 49, 52, 63, 70, 88, 90, 97, 147, 153
Total 19 31

Major hemorrhage (non-fatal)
Intracerebral − 1 37
Intra-abdominal 1 5 7 2, 5, 6, 6, 6, 7, 11
Gastrointestinal, urogenital 9 1, 4, 8, 9, 16, 28, 29,106, 128 12 24, 44, 48, 49, 62, 63, 78, 79, 101, 115, 170, 184
Intramuscular 3 8, 10, 33 6 1, 2, 2, 4, 6, 9
Other 3 46, 167, 176 2 3, 15
Total

16 28

Figure 2. Cumulative incidence of composite out-
come events during the study in patients randomized
to initial therapy with unfractionated heparin (gray
line) or low molecular weight heparin (black line). 
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boembolism.7 Accordingly, all LMWH preparations
are regarded as individual compounds with individ-
ual efficacy, dosage and safety profiles. In fact, a
summary analysis indicated differences between the
odds ratios of incidences of recurrent venous throm-
boembolism and major hemorrhage over 3 to 6
months follow-up after initial treatment of venous
thromboembolism with subcutaneous LMWH or
intravenous unfractionated heparin.12

The only difference between the two studies con-
sidered here was the duration of the initial treat-
ment with unfractionated heparin. With respect to
recurrent events, the shorter treatment period with
unfractionated heparin in one of the two studies may
favor therapy with LMWH. However, prolonged ther-
apy with subcutaneous LMWH did not improve the
outcome of patients with acute venous throm-
boembolism.3 Thus, the shorter unfractionated
heparin therapy in one of the two studies is unlike-
ly to have influenced the present analysis indicating
the superiority of LMWH. With regard to major hem-
orrhagic complications, no data are available in the
literature to suggest that shortening the initial ther-
apy of venous thromboembolism with unfractionat-
ed heparin by 3 to 4 days reduces the incidence of
major bleeding. In contrast, a higher number of major
bleeding complications has been reported during the
initial therapy with unfractionated heparin than with
LMWH .9-12,20,21 Thus, shortening therapy with unfrac-
tionated heparin should result in a lower incidence
of major bleeding theoretically favoring therapy with
unfractionated heparin rather than LMWH in the
present analysis. We, therefore, believe that this dif-
ference in the design of the two studies does not
unbalance the results or invalidate the conclusions
of the combined analysis. 

Most studies used body-weight-adjusted doses of
LMWH for the treatment of symptomatic acute deep
venous thrombosis. No studies have been performed
to identify the optimal dose of LMWH to treat
patients with acute deep vein thrombosis. The
broader therapeutic window of LMWH has been
suggested to be an advantage of this type of drug
over unfractionated heparin.8 There are no definite
arguments based on these considerations and the
generated clinical data15,16,20,22 that patients cannot
be treated with a fixed, body-weight-independent
dose of a LMWH. Recently, other studies used only
three doses3 or a fixed dose of LMWH23 for the treat-
ment of acute venous thromboembolism. These reg-
imens were not found to be inferior, with respect to
recurrent thromboembolism or major bleeding, to
that of intravenous aPTT-adjusted unfractionated
heparin. A fixed, body-weight independent dose of
LMWH may be a limitation in individuals with a very
low body weight.

The results of the present analysis demonstrate
the better efficacy and safety over 6 months of a
single LMWH rather than unfractionated heparin

for the treatment of acute deep venous thrombosis.
Logistic regression analysis showed no dependence
on body weight and medication for the effect on
recurrent venous thromboembolism or major bleed-
ing, which is important when using a fixed dose of
the LMWH certoparin. The initial advantage of
LMWH, regarding the incidence of recurrent venous
thromboembolism as well as the composite out-
come of recurrent venous thromboembolism, major
bleeding and death, is maintained over 6 months.
The treatment of patients with acute deep vein
thrombosis can, therefore, be further simplified by
using a fixed, body-weight-independent dose of
LMWH.
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What is already known on this topic
Several studies have indicated a better efficacy

and safety of subcutaneous body-weight adjusted
low-molecular weight heparins as compared to
intravenous unfractionated heparin for the initial
treatment of patients with acute DVT.

What this study adds
This clinical study indicates that the efficacy and

safety of a fixed dose of low-molecular weight
heparin for treatment of acute DVT are superior to
those of unfractionated heparin over 6 months.

Caveats 
No studies are available to identify the optimal

dose of low-molecular weight heparin to treat
patients with DVT. Subsequently, a broader thera-
peutic window for low-molecular weight heparin
has been suggested as an advantage over unfrac-
tionated heparin.




