
haematologica vol. 87(7):july 2002

Perspectives on antithrombotic
agents: from unfractionated heparin
to new antithrombotics

GIANCARLO AGNELLI, FRANCESCO SONAGLIA

Division of Internal and Cardiovascular Medicine, Department
of Internal Medicine, University of Perugia, Italy

Thrombosis

trends in hematology oncology

haematologica 2002; 87:757-770
http://www.haematologica.ws/2002_07/757.htm

Background and Objectives. Unfractionated heparin
(UFH) has been the antithrombotic agent of choice
for the prevention and treatment of venous throm-
boembolism (VTE) for a long time. UFH is also wide-
ly used for the treatment of patients with acute coro-
nary syndromes. However, UFH has some limitations
such as the need for parenteral administration and
close monitoring of its anticoagulant effect. UFH is
also associated with bleeding, heparin-induced
thrombocytopenia and osteoporosis.

Evidence and Information Sources. Low molecular
weight heparins (LMWHs) are produced by the
depolymerization of UFH. LMWHs have pharmaco-
logic advantages over UFH: a better bioavailability
after subcutaneous administration, a longer plasma
half-life and a more predictable anticoagulant effect.
These improved features allow once or twice daily
subcutaneous injection of weight-adjusted doses of
LMWHs without requiring laboratory monitoring in
patients with VTE or unstable angina.

Perspectives. A number of new antithrombotic
agents are currently under development. These
include direct antithrombins and factor Xa inhibitors.
The results of the main clinical trials with LMWHs as
well as those of the studies with the new antithrom-
botic agents will be reviewed in this article.
©2002, Ferrata Storti Foundation
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Unfractionated heparin (UFH) has, for a long
time, been the anticoagulant agent of choice
for the prevention and treatment of deep

vein thrombosis (DVT) and pulmonary embolism
(PE). UFH has also been extensively evaluated in the
management of arterial thrombosis, in patients with
acute myocardial infarction to speed-up thrombol-
ysis or to prevent mural ventricular thrombosis, in
patients with unstable angina and in patients
undergoing vascular surgery and percutaneous
transluminal coronary angioplasty (PTCA) to pre-
vent acute arterial thrombosis. UFH has some phar-
macological limitations mainly related to its non-
specific binding to plasma proteins (fibrinogen, fac-
tor VIII, vitronectin and fibronectin), endothelial
cells and macrophages. This binding complicates
the clearance of UFH, reduces UFH bioavailability,
and is responsible for the marked inter-individual
variation in the dose-anticoagulant response. UFH
also has biophysical limitations due to the inabili-
ty of the heparin/antithrombin complex to inacti-
vate factor Xa in the prothrombinase complex.
Moreover, UFH is not able to inactivate thrombin
when this is bound to fibrin or to exposed suben-
dothelial matrix. Subcutaneous injection of UFH at
low doses is associated with low bioavailability and
a short half-life. Moreover, UFH may cause heparin-
induced thrombocytopenia (HIT), a disease that is
often complicated by arterial and/or venous throm-
bosis (HITT) and has a severe prognosis.

Low molecular weight heparins (LMWHs) are
derivatives of UFH, produced by its depolymeriza-
tion. LMWHs are composed of mixtures of saccha-
ride chains with a mean molecular weight close to
5,000 Daltons. Approximately one third of the
heparin chains contain the pentasaccharide
sequence that constitutes the heparin-binding site
to antithrombin. LMWHs bind less avidly to plasma
proteins and endothelial cells than UFH. They have
an almost complete bioavailability after subcuta-
neous administration of low doses, a more linear
relationship between dose and anticoagulant effect
and a longer plasma half-life than UFH. Finally, HIT
is less commonly associated with the use of
LMWHs. 
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LMWHs  in the prevention of post-
operative venous thromboembolism

General surgery 
Without prophylaxis, patients undergoing gener-

al surgery have a 19% incidence of venographical-
ly-detected DVT. The incidence of proximal DVT (po-
pliteal or more proximal veins) is 6-7%; the inci-
dence of clinically overt PE and fatal PE is 1.6 and
0.9%, respectively.1 The most extensively investi-
gated anticoagulants are low doses of UFH (5,000 IU
every 8 or 12 hours) (LDUFH) and LMWHs. A pooled
analysis of 29 trials including more than 8,000
patients randomized to LDUFH (started 2 hours
before surgery) or placebo showed that LDUFH
reduces the incidence of DVT from 25 to 8%. Data
from a meta-analysis2 and large clinical trials indi-
cate that LDUFH also reduces the occurrence of fatal
PE.3 LMWHs were compared with LDUFH in a series
of studies and several meta-analyses. Enoxaparin
was investigated in five trials on the prevention of
VTE after general surgery. Samama et al. compared
enoxaparin 20, 40 and 60 mg given once daily with
LDUFH every 8 hours.4 DVT was diagnosed by a fib-
rinogen uptake test (FUT) confirmed by venography.
The incidence of DVT was 3.8, 2.8 and 2.9% in
patients receiving enoxaparin at doses of 20, 40 and
60 mg and 7.8, 2.7 and 3.8% in LDUFH patients
(p=ns). Dalteparin given at a dose of 2,500 to 5,000
anti-Xa IU once daily showed a similar efficacy and
safety to LDUFH, while the 7,500 anti-Xa IU dose of
dalteparin was associated with an increased inci-
dence of bleeding. Three studies compared nadro-
parin (2,850 anti-Xa IU) with LDUFH in the preven-
tion of VTE in general surgery.5-7 Two studies showed
the superiority of nadroparin over LDUFH.5,6 DVT was
assessed by FUT and confirmed by venography. In
the third study the incidence of DVT, assessed by
Doppler ultrasound and plethysmography, confirmed
by venography, was low in both treatment groups.7
Nadroparin was not associated with an increase in
bleeding. Reviparin sodium was investigated in a
large multicenter trial at a dose of 1,750 anti-Xa
IU, and showed a similar efficacy to LDUFH every 12
hours but a lower incidence of bleeding.8

Therefore, LMWHs are at least as effective as
LDUFH in the prevention of VTE in general surgery
patients. The overall incidence of DVT with LMWHs
is 6%. LMWHs have the advantage of their once
daily administration. Bleeding complications are
related to the dose of LMWHs. Indeed, doses of
LMWHs higher than 3,400 anti-Xa IU/day are asso-
ciated with a higher incidence of bleeding compli-
cations than LDUFH, whereas doses lower than

3,400 IU/day are associated with a lower incidence
of bleeding than that associated with LDUFH. 

Cancer surgery
The incidence of DVT diagnosed by bilateral

venography in patients undergoing surgery for can-
cer without prophylaxis is 29%. Patients treated
with LDUFH have a 13.7% incidence of DVT. Enoxa-
parin at a dose of 40 mg once daily was compared
with LDUFH every 8 hours in patients undergoing
elective abdominal or pelvic surgery for cancer in
a large, randomized double-blind venography
study.9 The incidence of DVT was 14.7% in the
enoxaparin group and 18.2% in the LDUFH group
(p=ns). No difference was observed in terms of
bleeding episodes. The results of the ENOXACAN II
study have been recently published.10 This was a
randomized, double-blind, venography study eval-
uating the efficacy and safety of post-discharge
prophylaxis with enoxaparin in cancer surgery
patients. After an open phase with in-hospital pro-
phylaxis of enoxaparin (40 mg once daily for a
week), patients were randomized to 3 weeks of
prophylaxis with enoxaparin (40 mg once daily) or
to placebo. Patients underwent bilateral venogra-
phy at the end of the double-blind period. Pro-
longed prophylaxis with enoxaparin was associat-
ed with a significant reduction in the incidence of
VTE. The incidence of DVT was 4.8% in patients
randomized to enoxaparin and 12% in placebo-
treated patients. Moreover, the incidence of prox-
imal DVT was 0.6 and 1.8%, respectively. No
increase in major bleeding was associated with
prolonged enoxaparin prophylaxis. 

Major orthopedic surgery
Patients undergoing major orthopedic surgery

(elective total hip replacement, elective total knee
replacement or surgery for hip fracture) have a par-
ticularly high risk of post-operative VTE.

Patients undergoing total hip replacement (THR)
have a high incidence of post-operative VTE despite
prophylaxis. Mechanical methods have a moder-
ate efficacy, making pharmacologic prophylaxis
necessary. The use of aspirin is associated with a
56% incidence of venographic DVT and is not rec-
ommended for the prevention of VTE in these
patients. LDUFH are not adequately effective in
preventing VTE in THR patients. The most effective
anticoagulant regimens in the prevention of VTE
in these patients are adjusted dose UFH11 or oral
anticoagulants12 and LMWHs. Adjusted dose UFH
or oral anticoagulants are both effective but
require strict laboratory monitoring. Two meta-
analyses indicate that LMWHs are more effective
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than LDUFH in patients undergoing elective
THR.13,14 Moreover, several randomized trials
showed that LMWHs are at least as safe and effec-
tive as adjusted dose UFH or oral anticoagulants in
the prevention of VTE in this setting.15-17

The incidence of venographically-detected DVT in
patients undergoing elective total knee replacement
(TKR) without prophylaxis is close to 60%; approx-
imately 25% of these DVT are proximal. LDUFH and
aspirin are barely effective in these patients. A
meta-analysis of randomized controlled clinical tri-
als showed that LMWHs are more effective than
LDUFH and oral anticoagulants.18 The efficacy and
safety of LMWHs in the prevention of VTE after TKR
were investigated in several randomized, controlled
clinical trials evaluating enoxaparin, ardeparin, tin-
zaparin and nadroparin.17,19-26 Prophylaxis started
post-operatively except in two trials and was con-
tinued for 4-14 days. DVT was diagnosed by bilat-
eral venography assessed by experts unaware of
treatment allocation. LMWHs showed a higher
efficacy than oral anticoagulants, however the
main difference was confined to isolated distal DVT.
The incidence of overall DVT in patients treated
with LMWHs was 30%.

The incidence of overall DVT without prophylax-
is in patients undergoing surgery for hip fracture is
close to 50%. About half of the DVT are proximal;
moreover these patients have a high risk of PE. The
incidence of DVT with LDUFH was 27%; few trials
investigated LMWHs in this setting.27-29 Dalteparin,
2,500 anti-Xa IU once daily, was compared with
LDUFH every 8 hours in 90 patients undergoing
surgery for hip fracture; this dose of dalteparin was
less effective than LDUFH.27 Dalteparin 5,000 anti-
Xa IU was compared with placebo showing a mod-
erate efficacy (DVT 30 and 58%, respectively).28 A
trial compared enoxaparin at 20 and 40 mg doses,
showing that 40 mg once daily was more effective
than the 20 mg dose with no increase in bleeding.29

A meta-analysis of clinical trials on VTE preven-
tion with LDUFH, LMWHs and mechanical meth-
ods, in patients undergoing surgery for hip fracture
showed that LMWHs and LDUFH have a similar
efficacy.30 A recent trial compared enoxaparin, dal-
teparin and danaparoid in patients with hip frac-
ture.31 This randomized trial enrolled 197 patients.
Prophylaxis was given for 9-11 days and then bilat-
eral venography was performed. The results indi-
cated no difference between enoxaparin, dal-
teparin and danaparoid.

The optimal duration of prophylaxis of VTE after
major orthopedic surgery has been greatly debat-
ed. There are several data showing a clear reduc-

tion of venographic DVT associated with prolonged
(3 weeks after discharge) out-of-hospital prophy-
laxis with enoxaparin and dalteparin after elective
THR. However, the clinical relevance of an asymp-
tomatic venographic DVT is not clear. Indeed, data
from recently reported overviews indicate that pro-
longed prophylaxis with LMWHs or LDUFH is asso-
ciated with a significant reduction of symptomatic
VTE (1.3 vs 3.3%).32 These results have been con-
firmed by a recent overview of randomized trials
evaluating prolonged out-of-hospital prophylaxis
with LMWHs after THR.33

Elective neurosurgery
Patients undergoing elective neurosurgery have a

high incidence of VTE; on the other hand, clinicians
are frightened of bleeding, especially intracranial.
For this reason, the most investigated prophylactic
methods are elastic stockings and intermittent
pneumatic compression (IPC). IPC was associated
with a reduction of the incidence of DVT from 23
to 6%. LMWHs were investigated in two large ran-
domized clinical trials. In the first trial, post-oper-
ative nadroparin associated with elastic stockings
was associated with a non-significant reduction of
DVT (26.3, vs 18.7%, p=ns).34 Nadroparin use caused
an increase of bleeding (2.3 vs 0.8%). In the second
trial, enoxaparin, 40 mg once daily, started after
surgery, associated with elastic stockings was com-
pared with elastic stockings alone. Enoxaparin
reduced the incidence of DVT from 32.6 to 16.9%
and the incidence of proximal DVT from 13.2 to
5.4% without an increase in bleeding.35

LMWHs in the initial treatment of
venous thromboembolism

Until recently the standard initial treatment for
VTE has been a course of 5 to 10 days of intra-
venous UFH followed by at least 3 months of oral
anticoagulants. Following the promising results of
the initial studies, LMWHs were investigated in two
large randomized trials. These studies showed that
subcutaneous LMWHs, at weight-adjusted doses,
were at least as effective as intravenous UFH.36,37

The results of the early meta-analyses assessing the
efficacy of LMWHs in comparison with UFH in the
treatment of VTE suggested that LMWHs are more
effective and safer than UFH.38,39 More recently, an
updated meta-analysis comparing the efficacy and
safety of UFH and LMWHs was published.40 Thirteen
studies were included in the analysis.36,37,41-51 The
results of the comparison between LMWHs and UFH
did not show significant differences in the inci-
dence of recurrent VTE, PE, and major bleeding.

New perspectives on antithrombotic agents



However, the reduction in mortality in patients
treated with LMWHs already observed in previous
analyses, was confirmed. This meta-analysis also
assessed the potential differences in efficacy and
safety among various LMWHs. No difference in effi-
cacy among dalteparin, enoxaparin, tinzaparin,
reviparin and nadroparin was observed. A lower
incidence of major bleeding was found in patients
treated with nadroparin as compared with UFH. 

LMWHs in the treatment of acute
coronary syndromes

Aspirin and intravenous UFH have been the rec-
ommended treatment for patients with acute coro-
nary syndromes for a long time.52 However, the lim-
itations of UFH led to the investigation of new
agents such as LMWHs and direct thrombin
inhibitors.53 Five large clinical trials investigated
three LMWHs (dalteparin, enoxaparin, and nadro-
parin) in patients with acute coronary syndromes
without ST elevation.54

In the FRISC trial, 1,506 patients were random-
ized to dalteparin or placebo within 72 hours from
the onset of symptoms.55 Dalteparin-treated
patients received a twice daily injection of 120
U/kg in the acute phase (6 days) and were then
randomized to dalteparin 7,500 IU once daily or
placebo in the chronic phase (until day 45). At day
6 the incidence of the composite end-point death,
myocardial infarction and urgent revascularization
was significantly lower in dalteparin treated
patients 5.4% vs 10.3% (p=0.005). This difference
remained significant at day 40 (p=0.005).

The FRIC study compared dalteparin (120 IU/kg
twice daily) with UFH (5,000 IU intravenous bolus
followed by 1,000 IU/hour for 48 hours and then by
two daily injection of 12,500 IU) until day 6 in
patients with unstable angina within 72 hours from
symptom onset.56 From day 7 to 45, all patients
were randomized to dalteparin (once daily dose of
7,500 IU) or placebo. Dalteparin showed a similar
efficacy to UFH in reducing the incidence of the
combined end-point, death, myocardial infarction
and recurrent angina.

The FRAXIS study investigated nadroparin in
3,468 patients with unstable angina within 48
hours from symptoms’ onset. Patients were ran-
domized to UFH for 6 days (intravenous bolus of
5,000 IU followed by continuous infusion at doses
adjusted by the aPTT) or to 6 days of nadroparin
(bolus of 86 IU anti-Xa/kg followed by twice daily
subcutaneous injections of 86 IU anti-Xa/kg) or to
14 days of nadroparin at the same dose regimen.57

At day 6 the incidence of the combined end-point

of cardiac death, myocardial infarction, and refrac-
tory or recurrent angina was similar in the three
groups. Patients treated with 14 days of nadroparin
had a higher incidence of bleeding complications. 

The ESSENCE study enrolled 3,171 patients with
unstable angina within 24 hours from symptoms’
onset.58 Patients were randomized to 2-8 days’
treatment with subcutaneous enoxaparin (1 mg/kg
every 12 hours) or to intravenous UFH (5,000 IU
bolus followed by an infusion at an aPTT target of
55 to 85 seconds). Follow-up was performed at 30
days and at one year. Enoxaparin was more effec-
tive than UFH; the combined end-point death,
myocardial infarction and recurrent angina at day
14 occurred in 16.6% and in 19.8% of patients,
respectively (p=0.02). At day 30, the incidence of
the end-point was 19.8 and 23.3% (p=0.02). No
increase in major bleeding was observed. 

In the TIMI 11B trial,59 patients treated with
enoxaparin received an initial bolus of 30 mg fol-
lowed by enoxaparin, 1 mg/kg twice daily for 3-8
days. After day 8, enoxaparin dose was reduced to
40 mg/twice daily for patients with a body weight
less than 65 kg and to 60 mg/twice daily for
patients over 65 kg. Subcutaneous enoxaparin was
continued until day 43. At day 14, enoxaparin was
associated with a 15% reduction of the combined
end-point, death, myocardial infarction and urgent
revascularization in comparison with the incidence
of the same end-point in patients treated with UFH
(14.2 vs 16.7%, p=0.03). At day 43, this difference
was no longer statistically significant. 

The meta-analysis of the ESSENCE and TIMI 11B
trials showed the superiority of enoxaparin versus
UFH. Enoxaparin was associated with a 20% reduc-
tion of the composite end-point at day 2, 8, 14 and
43 in comparison to UFH without an increase in
major bleeding.60 The results of the one-year fol-
low-up of the ESSENCE study confirmed the supe-
riority of enoxaparin over UFH concerning death,
myocardial infarction or residual angina (p=0.022).
In conclusion, the results of large randomized clin-
ical trials in acute coronary syndromes indicate
that enoxaparin is more effective than UFH, with-
out increasing bleeding. Dalteparin and nadroparin
showed an efficacy similar to UFH in this clinical
setting. Enoxaparin was recently investigated as an
adjunct to thrombolytic therapy in patients affect-
ed by acute Q-wave myocardial infarction.61 The
ASSENT III was a randomized, open trial conducted
in 6,095 patients with acute myocardial infarction.
Patients were randomized, to three regimens: full-
dose tenecteplase and enoxaparin for a maximum
of 7 days (enoxaparin group; n=2,040), full-dose
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tenecteplase with weight-adjusted UFH for 48
hours (UFH group; n=2,038), or half-dose tenecte-
plase with weight-adjusted UFH and a 12-hour
infusion of abciximab, a platelet glycoprotein
IIb/IIIa inhibitor (abciximab group; n =2,017). The
cumulative primary efficacy end-point was 30-day
mortality, in-hospital reinfarction, and in-hospital
refractory ischemia. Enoxaparin (11.4% vs 15.4%;
p=0.0002) and abciximab plus UFH (11.1% vs
15.4%; p<0.0001) were more effective than UFH.
Considering its ease of administration, tenecteplase
plus enoxaparin seems an attractive alternative
reperfusion regimen.

New antithrombotic agents
The limitations of UFH and LMWHs promoted the

development of new antithrombotic agents that
could potentially overcome the shortcomings. New
antithrombotic agents have specific targets at dif-
ferent levels of the coagulation cascade. In this
article, the agents in more advanced phase of clin-
ical investigation will be briefly reviewed.

New antithrombotic agents can be classified in
three main categories: direct thrombin (factor IIa)
inhibitors, inhibitors of factor Xa, inhibitors of the
factor VIIa/tissue factor (TF) complex.

Direct thrombin inhibitors
Human thrombin is a serine protease composed

of an A light chain (39 amino acids) and a B heavy
chain of 259 amino acids linked by a disulphide
bridge. Thrombin converts fibrinogen to fibrin.
Thrombin also activates factor V, factor VIII, throm-
bomodulin and factor XIII. Moreover, thrombin is a
potent platelet agonist. Based on these considera-
tions, thrombin is a crucial target for the develop-
ment of new antithrombotic agents. Direct anti-
thrombins inhibit thrombin without a plasma
cofactor and inhibit both free and fibrin-bound
thrombin.62 Moreover, since direct antithrombins
do not bind to plasma proteins, they have a more
linear and predictable anticoagulant effect than
UFH. Another advantage of direct antithrombins is
that their use is not associated to HIT. The most
investigated direct antithrombins are hirudin, its
synthetic fragment hirulog and the low molecular
weight inhibitors of the thrombin active site such
as melagatran and its oral prodrug ximelagatran. 

Hirudins. Hirudin, a 65-amino acid polypeptide
produced by the salivary glands of a medicinal leech
(Hirudo medicinalis) is the most potent known nat-
ural anticoagulant and is now produced through
DNA recombinant technology.63 Hirudin is a specif-
ic thrombin inhibitor that acts through the genera-

tion of an almost irreversible stoichiometric complex
(1:1) with thrombin. It blocks both the active site
and the fibrinogen recognition site of thrombin.
Hirudin is cleared by the kidneys, and has a plasma
half-life of 40 min after intravenous administration
and of 120 min after subcutaneous injection.

Desirudin (CGP39393) was investigated in large
randomized trials on VTE prevention after THR.64 In
the first trial, 1,119 patients undergoing elective
THR were randomized to twice daily subcutaneous
injection of desirudin at 10, 15 or 20 mg, or to UFH
5,000 IU three times daily. The incidence of DVT
was 23.9, 18.9 and 18.2% in patients treated with
desirudin and 34.2% in patients treated with UFH.
The rate of proximal DVT in patients treated with
the 3 regimens of desirudin was 8.5, 3.1 and 2.4%,
respectively. The incidence of proximal DVT in
patients treated with UFH was 19.6%. A subsequent
trial compared the twice daily injections of 15 mg
desirudin with UFH (5,000 IU every 8 hours) in 445
patients undergoing THR. The incidence of DVT was
7.5% in the desirudin group and 23.2% in the UFH
group (p <0.0001). The incidence of proximal DVT
was 3.4% in the desirudin group and 16.4% in the
UFH group (p<0.0001). Desirudin was more effec-
tive than enoxaparin in the prevention of VTE after
THR in a large, randomized, double blind, clinical
trial. Patients (n = 2,079) were assigned to twice
daily injection of 15 mg of desirudin, starting 30
minutes before surgery, or to enoxaparin 40 once
daily, started the evening before surgery. Prophy-
laxis was continued for 8-12 days. Patients treated
with desirudin had an 18.4% incidence of DVT,
while enoxaparin-treated patients had an incidence
of DVT of 25.5% (p=0.001). The rate of proximal
DVT was 4.5% in the desirudin group and 7.5% in
the enoxaparin group (p=0.01). The safety profiles
of desirudin and enoxaparin were similar. Therefore
desirudin is highly effective in the prophylaxis of
DVT in patients undergoing THR and has an accept-
able safety profile. 

The other form of recombinant hirudin, lepirudin
(HBW023) was evaluated in the treatment of VTE in
a multicenter, randomized, dose-finding trial. This
trial compared 3 doses of lepirudin (0.75, 1.25 and
2 mg/kg twice daily) given subcutaneously with the
standard UFH regimen.65 The 0.75 and 1.25 mg/kg
doses of lepirudin were at least as effective as intra-
venous UFH and were not associated with increased
bleeding; by contrast, the 2 mg/kg lepirudin dose
was associated with a 3% rate of major bleeding. 

The GUSTO IIb study was a prospective, double-
blind, randomized comparison of 72 hours’ thera-
py with UFH or desirudin in 12,142 patients with
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acute coronary syndromes.66 Patients without ST
elevation were randomized to UFH (5,000 IU bolus
followed by 1,000 IU/hour infusion, target aPTT 60
to 90 seconds) or to desirudin (0.1 mg/kg bolus fol-
lowed by a 0.1 mg/kg/hour infusion). The primary
composite end-point was death or non-fatal myo-
cardial infarction at 30 days. The incidence of this
end-point was 8.3% in patients treated with
desirudin and 9.1% in UFH treated patients (p=ns).
Desirudin was associated with a higher incidence
of intracranial bleeds (0.2 and 0.02%; p= ns) and
with a slight increase in severe or moderate bleed-
ing. However, desirudin was associated with a
reduction in mortality and in the incidence of
myocardial infarction during the first 24 hours over
UFH (1.3 vs 2.1%; p=0.001).

Lepirudin was investigated in OASIS 2, an inter-
national, large-scale, randomized, double-blind tri-
al conducted in patients with acute coronary syn-
dromes without ST elevation.67 This trial compared
a 72-hour infusion of lepirudin (n=5,083), bolus of
0.4 mg/kg followed by an infusion of 0.15
mg/kg/hour, with UFH (n=5,058). The incidence of
the primary end-point of cardiovascular death or
new myocardial infarction at 7 days was lower in
the lepirudin group than in UFH group, but this dif-
ference was not statistically significant. The inci-
dence of the secondary end-point cardiovascular
death, myocardial infarction or refractory angina,
was significantly lower in lepirudin-treated patients
(5.6 vs 6.7%; p=0.012). Patients treated with lep-
irudin had a higher incidence of major bleeding (1.2
vs 0.7%; p=0.01). However, the rate of potentially
fatal bleeding and strokes was similar.

In the GUSTO IIa study, patients with myocardial
infarction were randomized to UFH, 5,000 IU bolus
followed by infusion at a target aPTT from 60 to 90
seconds, or to desirudin: 0.6 mg/kg bolus followed
by 0.2 mg/kg/hour infusion.68 Patients with ST ele-
vation were randomized to streptokinase or rt-PA.
The trial was prematurely interrupted because of
the high incidence of intracranial bleeding in both
groups. Patients receiving thrombolytic therapy had
a 1.8% incidence of hemorrhagic strokes, while this
event occurred in only 0.3% of the patients not
exposed to thrombolytics (p<0.001). The TIMI 9A
trial was a randomized comparison of UFH and
desirudin in patients with myocardial infarction
treated with streptokinase or rt-PA.69 The doses of
UFH and desirudin were the same as those in the
GUSTO IIa study. The TIMI 9A trial was also prema-
turely discontinued because of the high incidence
of major bleeding.

In the HIT III trial, patients with myocardial

infarction receiving rt-PA were randomized to UFH
(70 IU/kg bolus followed by 15 IU/kg/hour infusion)
or to lepirudin (0.4 mg/kg bolus followed by 0.15
mg/kg/hour infusion).70 Given the high rate of
intracranial bleeding in the lepirudin group, this
study was prematurely terminated. The incidence
of major bleeding was 6.8% in the lepirudin-treat-
ed patients and 1.9% in UFH-treated patients.

Given the high rate of intracranial bleeding
observed in the GUSTO IIa and TIMI 9A, lower dos-
es of hirudin were tested in subsequent studies.

In the TIMI 9B study, 3,002 patients with acute
coronary syndromes were randomized to UFH at the
doses of the GUSTO I trial or to a lower dose of des-
irudin (0.1 mg/kg bolus followed by 0.1 mg/kg/hour
infusion).71 No difference in death or myocardial
infarction was observed between the two treatment
groups. Intracranial bleeding occurred in 0.7% of
UFH-treated patients and in 0.4% of patients
assigned to desirudin. The incidence of other bleed-
ing episodes was about 5% in both groups.

The GUSTO IIb trial investigated reduced doses of
desirudin and UFH as an adjunct to thrombolytics
(70% of patients received rt-PA and 30% strep-
tokinase) in patients with myocardial infarction.
Desirudin was given as intravenous bolus of 0.1
mg/kg followed by a 0.1 mg/kg/hour infusion for 3-
5 days. UFH was given as 5,000 IU bolus followed
by 1,000 IU/hour infusion (aPTT target 60-85 sec-
onds). The primary outcome was death or non-fatal
myocardial infarction or early reinfarction. The
incidence of the primary end-point in patients
receiving hirudin was 9.9% whereas in patients
treated with UFH it was 11.3% (p = ns). The inci-
dence of death or myocardial infarction at 24 and
48 hours was reduced in patients with ST elevation
treated with desirudin. There was no difference in
the incidence of major bleeding in patients with ST
segment elevation, but minor bleeding was more
frequent in patients receiving desirudin. The ben-
efit of desirudin over UFH observed in the first 48
hours was partially lost at 30 days. The results of
the meta-analysis of the GUSTO IIb and TIMI 9B tri-
als indicate that desirudin is associated with a sig-
nificant (p=0.024) reduction in reinfarction rate at
30 days.72 The relative risk reduction (RRR) is 14%
(95% confidence interval 0.75-0.98).

Desirudin was compared with UFH after elective
PTCA for unstable angina in the HELVETICA study,
a multicenter, randomized, double-blind trial.73

Patients (n = 1,141) were assigned to UFH (bolus of
10,000 IU followed by a 24-hour infusion and sub-
cutaneous placebo twice daily for 3 days; n=382),
or to one of two different desirudin regimens: a
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bolus of 40 mg followed by a 24 hour-infusion fol-
lowed by subcutaneous placebo twice daily for 3
days (n=381), or to the same initial regimen of
desirudin followed by subcutaneous twice daily
administration of 40 mg of desirudin for 3 days
(n= 378). The primary end-point was event-free
survival after 7 months. Secondary end-points were
cardiac events during the first 96 hours, bleeding
episodes and other drug-related side-effects and
the angiographic assessment of coronary luminal
diameter at the 6-month follow-up. The event-free
survival rate was similar among the three groups:
67.3% in the UFH group, 63.5% in the group
receiving intravenous desirudin alone, and 68.0%
in the group randomized to intravenous plus sub-
cutaneous desirudin. Desirudin markedly reduced
early cardiac events (p= 0.023). By contrast, the
mean minimal luminal diameters at the 6-month
angiographic follow-up were similar among the
three groups.

Desirudin was investigated in HIT, an immune
condition that is often associated with throm-
boembolic complications.74 Direct antithrombins
have no structural analogy with UFH and do not
cross-react with HIT antibody, therefore are an ide-
al agent for patients for HIT. The results of two
prospective trials investigating lepirudin in patients
with documented HIT type II have been report-
ed.75,76 In the first trial, patients were treated with
one of 4 doses of lepirudin.75 Patients with HIT and
thrombosis (HITT) received a 0.4 mg/kg bolus fol-
lowed by an infusion of 0.15 mg/kg/hour; patients
with HITT treated with thrombolytics received a
bolus of 0.2 mg/kg followed by 0.1 mg/kg/hour.
Patients without thrombosis were treated with lep-
irudin at 0.1 mg/kg/hour, whereas patients under-
going cardiopulmonary bypass4 received a bolus of
lepirudin of 0.25 mg/kg and then boluses of 5 mg
as needed. Laboratory evaluation criteria were an
increase of the platelet count of more than 30%
until 100,000 mm3 and an aPTT ratio between 1.5
to 3 with no more than 2 dose adjustments.
Platelet count rose rapidly in the 88.7% of the
patients affected by HIT treated with lepirudin. The
combined clinical end-point was death, amputa-
tions, and new thromboembolic complications.
Results were compared with those from a histori-
cal cohort of 120 patients affected by document-
ed HIT. The primary combined end-point incidence
was lower in the lepirudin-treated patients at days
7 and 35 (9.9% vs 23% and 25.4% vs 52%; p =
0.014). The incidence of bleeding was similar.

In the second study, 112 patients with confirmed
HIT were treated with lepirudin at 3 different dos-

es (treatment of HITT 0.4 mg/kg bolus followed by
0.15 mg/kg/hour infusion, treatment of HITT in
conjunction with thrombolytics 0.2 mg/kg and 0.1
mg/kg/hour infusion, patients without thrombosis
0.1 mg/kg/hour infusion).76 The incidence of the
primary combined end-point of death, limb ampu-
tation and new thromboembolic event at day 35
was 30.4% while it was 52.0% in the historical
control group. In this study, the difference was not
statistically significant. There was an increase in
the incidence of bleeding with respect to that in
the historical control group (44.6 vs 27.2%;
p=0.0001) however; there was not an increase in
transfusions. Lepirudin was also investigated in 57
patients with HIT undergoing cardiopulmonary
bypass;77 95% of patients had a favorable clinical
outcome. Based on these results, the clinical use of
hirudin in patients affected by HIT has been
approved in the United States and in Europe.

Hirulog. Hirulog is a synthetic, bivalent anti-
thrombin agent. Hirulog was developed by con-
necting hirugen, through a tetraglycine linker, to a
peptide specific for the inhibition of the catalytic
site of thrombin. Hirugen is a synthetic dode-
capeptide composed of the carboxy-terminal
region of hirudin, which blocks the interaction of
thrombin with fibrinogen. Hirulog was investigat-
ed in the prevention of VTE after major orthopedic
surgery in a dose-finding study in 222 patients.78

Prophylaxis with subcutaneous hirulog started
post-operatively and was continued until day 11.
The dose varied from 0.3 mg/kg/12 hours to 1.0
mg/kg/8 hours. The lowest incidence of DVT (17%)
and of proximal DVT (2%) was observed in patients
treated with the highest dose of hirulog (1.0 mg/kg
every 8 hours). Bleeding was observed in less than
5% of the patients. These results suggest that 1.0
mg/kg of hirulog given subcutaneously three-times
daily is effective and safe for the prophylaxis of
VTE in major orthopedic surgery patients when giv-
en post-operatively.

A randomized, double-blind, dose-finding trial
investigated hirulog in 410 patients with unstable
angina.79 Patients received 3 days of continuous
hirulog infusion at four different doses: 0.02 (n =
160), 0.25 (n = 81), 0.5 (n = 88), and 1.0 (n = 81)
mg/kg/hour. The primary combined end-point was
death, non-fatal myocardial infarction, rapid clini-
cal deterioration, or recurrent ischemic pain at rest
associated with ECG changes during 72 hours. The
rate of the primary end-point was similar among
the four groups. There was a dose-related reduction
in the incidence of the secondary end-point (death
or non-fatal myocardial infarction through hospi-
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tal discharge): 10% in patients receiving the low-
est dose of hirulog and 3.2% in patients treated
with the 3 highest regimens of hirulog (p=0.008).
Only 2 patients had major bleeding. These results
prompted further hirulog evaluation. 

The results of the HERO 2 trial have been recent-
ly reported.80 The HERO 2 was a randomized, open-
label, assessor-blind trial comparing hirulog with
UFH in patients undergoing fibrinolysis with strep-
tokinase for acute myocardial infarction with ST ele-
vation. Patients (n=17,073) were randomized to hir-
ulog (intravenous bolus followed by 48 hour infu-
sion) or to UFH, together with a 1.5 million unit dose
of streptokinase. The primary end-point was 30-day
mortality. Secondary end-points included reinfarc-
tion within 96 hours and bleeding. Analysis was by
intention-to-treat. Mortality at day 30 was 10.8%
the hirulog group and 10.9% in the UFH group
(p=ns). There were significantly fewer reinfarctions
within 96 hours in the hirulog group (p=0.001).
Severe bleeding and intracerebral bleeding were
similar in both groups. The incidence of moderate
and mild bleeding was higher in the hirulog group.
Hirulog did not reduce mortality compared to UFH,
but did reduce the rate of adjudicated reinfarction
within 96 hours by 30%. Bivalirudin seems to have
a potential role as a new anticoagulant option in
patients with acute myocardial infarction treated
with streptokinase.  Hirulog was investigated in a
large, double-blind, randomized clinical trial in
patients undergoing PTCA for unstable or post-
infarction angina.81 Patients (n = 4,098) were treat-
ed with UFH or hirulog immediately before PTCA.
Hirulog infusion was continued for 24 hours. The
primary composite end-point was in-hospital death,
myocardial infarction, abrupt coronary occlusion, or
rapid clinical deterioration from cardiac origin. The
incidence of the primary end-point was similar in
the two groups (11.4 and 12.2%, respectively). How-
ever, hirulog was associated with a lower incidence
of bleeding (3.8 vs 9.8%; p<0.001). The cumulative
rate of death, myocardial infarction, and repeated
revascularization during the 6 months following
angioplasty was similar (20.5 versus 25.1%). Hiru-
log appears to be at least as effective as UFH in
patients undergoing PTCA for unstable angina,
showing a better safety profile. 

Low molecular weight active site inhibitors. Sev-
eral low molecular weight active site thrombin
inhibitors have been recently synthesized. These
agents are competitive inhibitors that bind throm-
bin in a non-covalent manner. Argatroban, a syn-
thetic derivative of arginine is the precursor of
these agents. Argatroban has a short half-life and

requires continuous intravenous administration.
Argatroban has been successfully investigated in a
wide cohort of patients affected by HIT and has
been recently approved for this indication.

Melagatran, together with its oral prodrug (xime-
lagatran) is the most extensively investigated of
these agents. Melagatran is a synthetic antithrom-
bin that acts as a competitive and reversible
inhibitor of the thrombin active site. Melagatran is
administered by parenteral route, has a predictable
anticoagulant activity and does not require labo-
ratory monitoring. Ximelagatran has a reasonable
gastrointestinal absorption and must be converted
to melagatran to exert its antithrombotic activity.82

Ximelagatran has a half-life of 3 hours and is
administered every 12 hours. Melagatran and
ximelagatran were initially investigated in the pre-
vention of VTE in major orthopedic surgery in the
METHRO I trial.83 After the promising results of this
trial a large phase IIb dose-finding study (METHRO
II) compared melagatran (started immediately
before surgery) and ximelagatran, with dalteparin
(5,000 IU anti Xa) in about 1,900 patients under-
going major orthopedic surgery.84 Patients were
subdivided into 5 treatment groups. Doses ranged
from 1 mg of melagatran every 12 hours followed
by 8 mg of ximelagatran every 12 hours to 3 mg
every 12 hours of melagatran followed by 24 mg of
ximelagatran every 12 hours. The incidence of DVT
in the group treated with the highest doses of
melagatran and ximelagatran was 15.1%. The inci-
dence of DVT in the dalteparin group was 28.2%.
Thus, the dose of 3 mg melagatran followed by 24
mg of ximelagatran every 12 hours reduced the
incidence of DVT by 47% in comparison to dal-
teparin. This dose also reduced the incidence of
proximal DVT  by half (3% vs 7%). The results
obtained with the highest regimen of melagatran
and ximelagatran were more evident in patients
undergoing THR (incidence of DVT 12% and 25%,
respectively) than in patients undergoing TKR (DVT
incidence of 21% and 32%, respectively). The high-
est doses of melagatran and ximelagatran were
associated with a moderate increase in major
bleeding with respect to dalteparin. 

METHRO III was a randomized, double-blind, dou-
ble-dummy, parallel-group study in patients under-
going THR or TKR comparing the efficacy and safe-
ty of subcutaneous melagatran 3 mg started 4-12
h after surgery, followed by oral ximelagatran 24
mg twice daily, with subcutaneous enoxaparin 40
mg once daily started the evening before surgery.85

Both treatments were continued for 8-11 days. Effi-
cacy was evaluated by DVT assessed by bilateral
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venography on the final day of treatment, and clin-
ically suspected and verified DVT and PE during
treatment. Of 2,788 patients, 2,268 (81.3%) had an
evaluable venogram. The VTE rate was 31% and
27% in the melagatran plus ximelagatran and in
the enoxaparin groups, respectively. The rate of
proximal DVT or PE was 5.7% in the melagatran plus
ximelagatran group and 6.2% in the enoxaparin
group. Total bleeding was similar in the two groups.
In a post-hoc analysis, the possible effect of timing
of the first post-operative dose was evaluated; the
population was divided by the median time of the
first post-operative dose. The time interval between
surgery and the first dose of anticoagulant was
found to be crucial to ensure optimal efficacy. 

The pharmacokinetic features of ximelagatran
are rapid absorption and conversion to melagatran,
reasonable bioavailability, low dose-time variabil-
ity, bioavailability independent of food intake, pre-
dictable anticoagulant activity and good tolerabil-
ity. These features make ximelagatran an attractive
antithrombotic agent for the long-term treatment
of both venous and arterial thromboembolism. On
these bases, ximelagatran is currently under inves-
tigation in large, multicenter, international, ran-
domized trials in the treatment of VTE and in the
prevention of thromboembolic complications in
patients with chronic atrial fibrillation.

Factor Xa inhibitors
Direct inhibitors of factor Xa. Direct factor Xa

inhibitors bind to factor Xa and block all its activi-
ties. These agents include natural inhibitors of fac-
tor Xa such as the tick anticoagulant peptide (TAP)
and antistasin. Based on the promising results of
TAP in experimental animal models, a series of low
molecular weight inhibitors that act against the
active site of factor Xa have been recently synthe-
sized. Some of these inhibitors of factor Xa, such as
DX 9095a have been recently investigated in phase
II trials in patients affected by unstable angina.

Indirect inhibitors of factor Xa. Pentasaccharide is
a selective factor-Xa inhibitor composed of five sac-
charide units and is the smallest heparin-based mol-
ecule (molecular weight of 1,728 Daltons) that
retains antithrombotic activity. Pentasaccharide has
a plasma half-life of about 14 hours after intra-
venous or subcutaneous administration and has a
complete bioavailability after subcutaneous injec-
tion. The peak concentration is reached in 1-3 hours.
Pentasaccharide is excreted mainly through the
urine.

The most clinically relevant data have been
obtained in the prevention of VTE after major ortho-

pedic surgery. The PENTATHLON study was a large
(933 patients) phase IIB dose-finding trial in the
prophylaxis of VTE after elective THR.86 The dose
ascending regimens of pentasaccharide were 0.75
mg, 1.5, 3, 6 and 8 mg, given once daily; the com-
parator was enoxaparin 30 mg started 12 hours
after surgery and then given twice daily. The diag-
nosis of DVT was made with bilateral venography
performed at day 5-10. A clear dose-response effect
was observed for the first 3 groups of patients. The
incidence of DVT was 11.8% in the 0.75 mg group,
6.7% in the 1.5 mg group and 1.7% in the group
treated with 3 mg. The 6 and 8 mg groups were dis-
continued because of the high incidence of bleed-
ing. The incidence of DVT in the enoxaparin group
was 9.4%. Therefore, the 3 mg dose of pentasac-
charide led to a highly significant reduction in the
incidence of DVT with respect to enoxaparin
(p=0.009, RRR of 81%) without a significant
increase in major bleeding (4.5% vs 3.5%). 

A dose-finding trial was also conducted in
patients undergoing elective TKR: the PENTATAK
study. The doses of pentasaccharide were the same
as those adopted in the PENTATHLON study. The
incidence of DVT was 40% in the 0.75 mg group,
30% in the 1.5 mg group and 15% in the 3 mg
group. There was a clear dose-effect from the 0.75
to the 3 mg dose. Again, the 6 and 8 mg doses
were associated with excessive bleeding. On the
bases of the results of these trials, the dose cho-
sen for phase III trials was 2.5 mg. 

This dose was investigated in a very large phase
III trial program in major orthopedic surgery
enrolling 7,344 patients in four trials in patients
undergoing elective THR (EPHESUS in Europe and
PENTATHLON 2000 in North America), elective TKR
(PENTAMAKS in North America) and surgery for hip
fracture (PENTHIFRA in Europe). In the EPHESUS
trial 2,200 patients undergoing elective THR were
randomized to pentasaccharide 2.5 mg once daily
starting at least 6 hours after surgery or to enoxa-
parin 40 mg once daily starting the evening before
surgery.87 The incidence of DVT was 4.1% in the
pentasaccharide group and 9.2% in the enoxaparin
group with a RRR of 56%; the incidence of proxi-
mal DVT was 0.7 and 2.5%, respectively. The inci-
dence of major bleeding was 8.0 and 6.2%. 

The efficacy of pentasaccharide in patients
undergoing THR was confirmed by the results of
the PENTATHLON 2000 study.88 In this trial, 2,200
patients were randomized to pentasaccharide 2.5
mg at least 6 hours after surgery or to enoxaparin
30 mg twice daily starting at least 12 hours after
surgery. The incidence of DVT was 6.2% in the pen-
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tasaccharide group and 8.3% in the enoxaparin
group, RRR=25%; there was no difference in prox-
imal DVT. The incidence of major bleeding was also
similar, being 3% and 3.2%, respectively. 

The results of the PENTAMAKS study showed the
superiority of pentasaccharide (2.5 mg/die once
daily starting at least 6 hours after surgery) over
enoxaparin (30 mg twice daily starting at least 12
hours after surgery) in 1,000 patients undergoing
elective TKR.89 The incidence of DVT was 12.5% and
27.8%, respectively with a RRR of 55%. Proximal
DVT occurred in 2.4% of patients treated with pen-
tasaccharide and in 5.4% of enoxaparin-treated
patients. The incidence of major bleeding was 4.5%
and 3.9%, respectively. 

In the PENTHIFRA trial, 1,700 patients undergoing
surgery for hip fracture were randomized to pen-
tasaccharide 2.5 mg once daily starting at least 6
hours after surgery or to enoxaparin 40 mg once
daily starting the evening before surgery.90 The inci-
dence of VTE was 8.3% in the pentasaccharide
group and 19.1% in the enoxaparin group, RRR
56%; the incidence of proximal DVT was 0.9 and
4.1%. There was an increase in major bleeding
events in pentasaccharide-treated patients (6.3 vs.
4.4%).

The results of these four large trials have been
summarized in an overview analysis. The overall
analysis showed a 50% RRR for VTE over enoxa-
parin. The incidence of PE and death until day 11
was similar in the two groups. The overall safety
analysis indicated a higher incidence of major
bleeding in the pentasaccharide group (2.3 vs.
1.4%) that was not statistically significant. The
results of these trials represent a great step for-
ward for the prophylaxis of VTE after major ortho-
pedic surgery.

Pentasaccharide was investigated in a random-
ized, parallel group, phase IIb comparison trial with
dalteparin in the treatment of patients affected by
proximal DVT. The primary outcome measure was a
change in the thrombus mass and improvement of
the basal lung scan repeated at day 7. The results
were similar across treatment groups (pentasac-
charide once daily 5 mg, 7.5 mg, 10 mg or dal-
teparin 100 IU/kg twice daily).91 Moreover the inci-
dence of symptomatic VTE recurrence was 2.4% in
the 334 patients treated with pentasaccharide and
5% in the 119 dalteparin-treated patients: pen-
tasaccharide was not associated with an increase of
major bleeding at any dose. On the basis of these
results pentasaccharide is being tested in large tri-
als in patients affected by VTE. Pentasaccharide has
recently been investigated as an adjuvant to throm-

bolytic therapy in patients affected by acute myo-
cardial infarction.92 Patients (n=333) with ST ele-
vation were treated with aspirin and alteplase and
randomized to UFH, given intravenously during 48
to 72 h, or to a low, medium or high dose of penta-
saccharide, administered once daily for 5 to 7 days,
intravenously on the first day, then subcutaneous-
ly. Coronary angiography was performed at 90 min
and on days 5 to 7. TIMI flow grade 3 rates at 90
min were similar in the four treatment groups.
Among patients with TIMI 3 flow at 90 min who did
not undergo a coronary intervention (n=155), a
trend towards less reocclusion of the infarct-relat-
ed vessel on days 5 to 7 was observed with pen-
tasaccharide: 0.9% vs 7.0% with UFH (p=0.065).
The incidence of the primary safety end-point of
intracranial bleeding and transfusion  requirement
was identical for the pentasaccharide and UFH
groups (7.1%). In this study, pentasaccharide
together with alteplase was as safe and as effective
as UFH in restoring coronary artery patency.

Inhibitors of the factor VIIa/tissue factor
pathway

The coagulation cascade starts at the level of the
factor VIIa/tissue factor (TF) complex. Renewed
consideration of this element has prompted the
evaluation of the strategy that blocks coagulation
at this level. Two inhibitors of the factor VIIa/TF
complex are included in this class of compounds:
tissue factor pathway inhibitor (TFPI) and the
nematode anticoagulant protein c2 (NAPc2).

TFPI is a naturally occurring coagulation inhibitor
that blocks thrombin generation through two steps.
TFPI initially binds to factor Xa and inactivates fac-
tor Xa, and then the TFPI bound to factor Xa  forms
a complex with factor VIIa and inactivates it. This
process of inactivation of factor VIIa intervenes
within the factor VIIa/TF complex. TFPI has a short
plasma half-life and is usually administered by con-
tinuous intravenous infusion. TFPI is undergoing
clinical investigation in patients affected by severe
sepsis in order to treat disseminated intravascular
coagulation, which is common in such patients.

NAPc2 is derived from an intestinal nematode
(Ankylostoma caninum), NAPc2 acts by binding to
a non-catalytic site located on factor X or on fac-
tor Xa and by inhibition of factor VIIa within the
factor VIIa/TF complex. NAPc2 is administered sub-
cutaneously, and has an antithrombotic activity
that lasts for about 50 hours. NAPc2 has been
recently evaluated in a phase IIa study in patients
undergoing elective TKR. NAPc2 was given intra-
venously at dose-ascending regimens from 1.5
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µg/kg to 5 µg/kg, prophylaxis was started post-
operatively and then the injections were given on
alternative days (days 1, 3, 5 and 7). At the end of
treatment, patients underwent unilateral venog-
raphy. The primary safety end-point was the inci-
dence of major bleeding. Of the 293 patients stud-
ied, 251 were included in the efficacy analysis. The
results showed that the 3 µg/kg dose administered
within 1 hour after surgery was associated with
the lowest incidence of DVT (12.2%) and with an
acceptable rate of major bleeding. These results are
comparable with those of the currently adopted
prophylactic methods in patients undergoing TKR.93
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