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F
or many years the standard treatment
for acute deep vein thrombosis (DVT)
and pulmonary embolism (PE) was an
initial 5–10-day course of unfraction-

ated heparin (UFH) in hospital followed by
3–6 months of oral anticoagulants after dis-
charge. Since the beginning of the 1990s, there
has been a progressive movement away from
UFH towards the use of low molecular weight
heparin (LMWH) for the management of venous
thromboembolism (VTE) (Hirsh and Bates,
2001). Clinical trials have demonstrated that
LMWH is at least as effective and safe as UFH
(Gould et al, 1999; Dolovich et al, 2000; Merli
et al, 2001) but LMWH offers significant addi-
tional advantages which explains its increasing
use (Table 1). 

Treatment of VTE with UFH requires intra-
venous administration with careful monitoring
and adjustment of the dose to ensure optimal
anticoagulation. In contrast, VTE is effectively
treated with LMWH by subcutaneous injection
of a weight-adjusted dose given once daily with-
out the need for laboratory monitoring in the
majority of cases (Hirsh and Bates, 2001). 

Current strategies for the management of VTE
propose a movement away from inpatient treat-
ment towards outpatient hospital treatment with
LMWH for patients with acute DVT, and possi-
bly for patients with sub-massive PE. A number
of clinical trials have shown that outpatient treat-
ment is feasible and potentially cost-saving and
is suitable for most patients (Koopman et al,
1996; Levine et al, 1996; Belcaro et al, 1999;
Boccalon et al, 2000). Improved quality of life
for patients and signif icant cost savings are
anticipated. The challenge for the future will be
to translate the promising results obtained in
clinical trials into daily clinical practice.

Enoxaparin (Clexane®, Aventis Pharma,
Frankfurt, Germany), supported by strong clini-
cal evidence, is licensed in the UK for the treat-
ment of VTE presenting with DVT, PE or both.
Two other LMWHs, dalteparin and tinzaparin,
are licensed for the treatment of DVT and PE.
This article reviews the clinical evidence
describing the eff icacy and safety profile of
enoxaparin specifically, and LMWH generally,
for the initial treatment of acute DVT and PE. It
also examines the evidence supporting the out-
patient treatment of DVT and PE and the treat-
ment of special patient groups with LMWH.
Evidence of the benefit and cost advantages of
enoxaparin provided in an outpatient setting is
also examined.

HISTORY OF VTE TREATMENT
Heparin has been used to treat VTE since the
1940s but for many years the only evidence that
it was effective came from animals studies and
uncontrolled clinical experience. Evidence of the
efficacy of heparin as an anticoagulant was only
obtained at the beginning of the 1960s. In a ran-
domized clinical trial Barritt and Jordan (1960)
reported reduced recurrence of VTE and mortal-
ity in patients with acute PE treated with intra-
venous heparin and oral anticoagulants. The
study had a major impact on clinical practice
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TABLE 1. 
Comparison of treatment with unfractionated heparin (UFH)

and low molecular weight heparin (LMWH)



and a 10-day course of heparin in hospital with
warfarin after discharge was adopted as the stan-
dard treatment for both DVT and PE.

The importance of heparin in anticoagulant
therapy was not finally demonstrated until 1992.
In a randomized, double-blind trial (Brandjes et
al, 1992), patients with proximal vein thrombo-
sis treated with oral anticoagulants only were
compared with those given combined oral anti-
coagulants and heparin. The study demonstrated
the importance of heparin when it was termi-
nated early on safety grounds because of an
excess of symptomatic thrombotic events in the
group receiving oral anticoagulants only. Other
studies seeking to optimize treatment showed
that early initiation of warfarin therapy allowed
the standard 10-day course of heparin to be
safely reduced to 5 days, reducing the time spent
in hospital (Gallus et al, 1986; Hull et al, 1990).

The 1980s saw the introduction of LMWHs
for the treatment of VTE. Clinical studies during
the 1980s and 1990s showed them to be at least
as effective and safe as UFH for the treatment of
DVT and PE (Gould et al, 1999; Dolovich et al,
2000). However, it was also apparent that
LMWHs offer significant advantages over UFH.
A reduced tendency to bind plasma proteins and
cell surfaces gives them more predictable phar-
macokinetics, including a longer half-life and
improved bioavailability, compared with UFH
(Young et al, 1994). These features give LMWH
a more predictable and longer lasting anticoagu-
lant effect, allowing subcutaneous administration
as a weight-based dose which does not require
laboratory monitoring (Handeland et al, 1990;
Bratt et al, 1990; Weitz, 1997; Hirsh and Levine,
1992). In contrast, the shorter lived anticoagu-
lant effect of UFH necessitates intravenous
administration in hospital and the less pre-
dictable anticoagulant effect (associated with
binding of acute phase proteins) means that fre-

quent monitoring of activated partial thrombo-
plastin time (aPTT) and adjustment of the dose
are required (Schafer, 1996). The ability to
administer LMWH subcutaneously offered the
possibility to treat VTE on an outpatient basis. 

In the late 1990s, clinical studies demonstrated
that outpatient treatment was feasible and did not
result in increased recurrence of VTE or adverse
bleeding complications (Koopman et al, 1996;
Levine et al, 1996; Belcaro et al, 1999; Boccalon
et al, 2000). However, the studies also highlighted
the importance of patient selection and education
and adequate patient support programmes
(Eikelboom and Baker, 2001). The initial success
of outpatient treatment programmes promise a
simpler, more cost-effective therapy and represent
the current paradigm for the treatment of VTE.

USE OF LMWHS TO TREAT VTE IN
HOSPITAL PATIENTS
The development of LMWHs in the 1980s led to
a series of clinical trials to determine their effi-
cacy and safety compared to UFH for the treat-
ment of VTE (Bratt et al, 1985, 1990; Holm et
al, 1986; Albada et al, 1989; Handeland et al,
1990; Hull et al, 1992; Lopaciuk et al, 1992;
Prandoni et al, 1992; Simonneau et al, 1993).
The studies varied widely in the quality of the
methodologies used with variations in patient
selection procedures, treatment protocols and
measures of outcome. However, LMWH was
found to be at least as effective as UFH with a
similar bleeding profile.

These initial studies were followed by the pub-
lication of meta-analyses that attempted to clar-
ify the position by selecting studies with more
robust methodologies for analysis (Table 2).
Three meta-analyses were published in the mid
1990s. Two found LMWH to be superior to UFH
with signif icant reductions in recurrence of
VTE, major bleeding complications and mortal-
ity (Lensing et al, 1995; Siragusa et al, 1996).
The third reported significant reductions in mor-
tality and major bleeding and a non-significant
trend in favour of LMWH towards a reduction in
risk of recurrence of VTE (Leizorovicz, 1996). 

These studies were followed by the publication
of two further meta-analyses (Gould et al, 1999;
Dolovich et al, 2000) which included large clini-
cal trials completed after the publication of the
earlier meta-analyses. The conclusions of these
studies were more conservative. Both found that
LMWH and UFH were at least as effective, with
equivalent rates of VTE recurrence and major
bleeding. A further important finding was the
signif icant reduction in mortality found in
favour of LMWH.
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Symptomatic initial PE No symptomatic initial PE 

UFH enox vs UFH UFH enox vs UFH
incidence (%) RR (95% CI) incidence (%) RR (95% CI)

PE 4.5 0.44 (0.10–1.90) 1.1 0.68 (0.23–2.02) 

DVT 5.2 0.91 (0.30–2.81) 4.2 0.86 (0.52–1.43) 

VTE 8.4 0.78 (0.32–1.91) 4.6 0.90 (0.55–1.45) 

Major bleed 5.5 0.67 (0.22–2.07) 2.1 1.02 (0.49–2.12) 

Death 7.9 0.50 (0.18–1.35) 4.2 0.84 (0.51–1.39) 

CI = confidence interval; DVT = deep vein thrombosis; enox = enoxaparin; PE = pulmonary
embolism; RR = relative risk; UFH = unfractionated heparin; VTE = venous thromboembolism;
incidence weighed by the size of the trials. From Mismetti at al (2001) 

TABLE 2. 
Meta-analysis of pulmonary embolism treatment 

comparing enoxaparin and unfractionated heparin



Other studies addressed the question of treat-
ment regimens for LMWH. The eff icacy of
enoxaparin as treatment for VTE was recently
confirmed in a global study (Merli et al, 2001).
The study showed that once- or twice-daily
weight-adjusted doses of enoxaparin are as
effective as UFH with a similar bleeding profile
in the treatment of recurrent, symptomatic VTE,
including obese patients. These results were seen
in patients with DVT, and in patients with PE. 

The international study enrolled 900 patients
with symptomatic lower extremity DVT and
included 287 patients with conf irmed PE.
Patients received dose-adjusted intravenous UFH
or subcutaneous enoxaparin given at one of two
fixed dosages, either 1.0 mg/kg every 12 hours or
1.5 mg/kg every 24 hours. Long term oral antico-
agulant therapy (warfarin sodium) was started in
all patients within 72 hours of randomization and
continued for 3 months. The study confirmed that
enoxaparin once-daily was as eff icacious as
UFH. Symptomatic recurrent VTE occurred in
12 of 290 UFH patients (4.1%), 13 of 298 enoxa-
parin once-daily patients (4.4%) and 9 of 312
enoxaparin twice-daily patients (2.9%). There
were no significant or clinically relevant differ-
ences between groups in the incidence of haem-
orrhage during the initial treatment period.

A recent meta-analysis examining the efficacy
and safety of enoxaparin compared to UFH in
the treatment of patients with DVT and/or PE
found enoxaparin to be at least as effective with
a similar bleeding profile to UFH (Mismetti et
al, 2001). The investigators identified all ran-
domized clinical trials comparing enoxaparin
with UFH in patients with symptomatic DVT
and/or PE. A stipulation of the meta-analysis
was that individual patient data were available

for study inclusion. The incidence of DVT, clini-
cal PE, VTE, death at 3 months and major bleed-
ing by day 10 were compared both in patients
presenting symptomatic initial PE and in
patients without symptomatic initial PE. Three
studies comparing enoxaparin with UFH were
included, with a total of 1801 patients. Among
the patients, 275 had presented with an initial
symptomatic PE and 1526 had experienced
DVT. The rates of all the efficacy and safety out-
comes were higher in patients with initial symp-
tomatic PE than in those without initial
symptomatic PE. Enoxaparin appeared to be at
least as effective and safe as UFH in both patient
groups (Table 2).

USE OF LMWHS TO TREAT HOSPITAL
OUTPATIENTS
The results of the randomized clinical trials
comparing LMWH with UFH for the treatment
of DVT have led to an acceptance that the two
therapies are broadly equivalent in terms of effi-
cacy and adverse events. However, the simpler
dosing and administration associated with the
use of LMWH offers distinct advantages, includ-
ing the possibility of treating patients with acute
DVT as hospital outpatients. This is clearly an
attractive proposition, potentially delivering
improved quality of life for patients during treat-
ment and considerable savings in health-care
costs. The possibility of out of hospital treatment
is further enhanced by the availability of LMWH
in the form of pre-filled syringes. Features of
these syringes are outlined in Table 3.

A series of randomized clinical trials have
been carried out to determine the feasibility and
safety of outpatient treatment with LMWH
(Koopman et al, 1996; Levine et al, 1996;
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Enoxaparin Tinzaparin Dalteparin

Recommended dose 1.5 mg/kg once daily 175 IU/kg once daily 200 IU/kg once daily or 
100 IU/kg twice daily

Administration Subcutaneous Subcutaneous Subcutaneous

Duration of treatment Minimum 5 days with Minimum 6 days with Minimum 5 days with 
oral anticoagulation oral anticoagulation oral anticoagulation

Syringe type (graduated) 100 mg/ml syringes: 20 mg/0.2 ml 25 000 IU/ml syringes: 0.40 ml for 46–56 kg 20 000 IU/ml syringes: 0.5 ml

40 mg/0.4 ml 0.50 ml for 57–68 kg 0.7 ml

60 mg/0.6 ml 0.60 ml for 69–82 kg 0.9 ml

80 mg/0.8 ml 0.72 ml for >83 kg

100 mg/1.0 ml

150 mg/ml syringes: 120 mg/0.8 ml

150 mg/1.0 ml

TABLE 3. 
Posology and administration of low molecular weight heparin for the treatment of venous thromboembolism



Belcaro et al, 1999; Boccalon et al, 2000). The
results show that rates of recurrence of VTE and
major bleeding are not adversely affected when
patients are treated out of hospital. 

Compared with in-hospital treatment with
dose-adjusted UFH, enoxaparin administered pri-
marily at home was as effective for the treatment
of acute proximal DVT (Levine et al, 1996). In a
multicentre, parallel group study to assess the
treatment of acute proximal DVT in the commu-
nity, patients were randomized to enoxaparin
1 mg/kg every 12 hours subcutaneously or UFH
intravenous bolus (5000 IU) followed by continu-
ous infusion. Warfarin was initiated on the sec-
ond day of treatment. The incidence of recurrent
thromboembolism was similar in the two treat-
ment groups (5.3% vs 6.7% respectively), as was
the incidence of major bleeding (5 cases with
enoxaparin vs 3 cases with UFH). Remarkably,
120 of the 247 patients who received enoxaparin
treatment were never admitted to hospital,
demonstrating the feasibility of outpatient man-
agement for this patient group. 

Recently, a prospective multicentre, open-label,
randomized controlled clinical trial (Chong et al,
2001) investigated once-daily enoxaparin home
treatment regimen compared with continuous
UFH infusion given in hospital. The primary effi-
cacy endpoints were recurrent symptomatic and
confirmed DVT and PE. Patients received either
enoxaparin 1.5 mg/kg once daily out of hospital
or UFH given as continuous infusion in hospital,
with the dose adjusted to an aPTT of 1.5–2.5
times the control value. Warfarin, dose-adjusted
to give an international normalized ratio of 2–3,
was continued for 3 months. The clinical follow-
up period was 6 months. 

In total, 298 patients with symptomatic prox-
imal and distal DVT were randomized to
receive enoxaparin (n=150) or UFH (n=148).
Symptomatic recurrence of VTE occurred in
2.0% (3 of 150) patients treated with enoxa-
parin compared with 8.1% (12 of 148) patients
treated in hospital with UFH. Seven of the
UFH patients had recurrent DVT and 5 patients
had PE. No patients in the enoxaparin arm
experienced a major bleed, compared with
2.0% of patients receiving UFH. Considering
all bleeding events, 10.0% of enoxaparin
patients compared with 13.5% of the UFH
patients had some form of bleed. 

Some uncertainty remains, however, regarding
the selection of patients for home treatment. In
some trials, as many as 50% of patients present-
ing with proximal vein thrombosis were rejected
as ineligible for home treatment (Eikelboom and
Baker, 2001). A variety of exclusion criteria

were cited including history of recurrent VTE,
increased risk of bleeding, concomitant sympto-
matic PE, coexisting conditions requiring hospi-
talization or concerns about the feasibility of
administering heparin at home. This has led to
questions about the feasibility of translating the
results of clinical trials into everyday clinical
practice and may explain the reluctance of some
centres to embrace home treatment. 

The randomized clinical trials of home treat-
ment have been followed by a series of cohort
studies evaluating outpatient treatment pro-
grammes for DVT. At least eight, including two
from the UK, have been published and there is
now a growing body of evidence which suggests
that as many as 80% of patients presenting with
acute DVT can be safely and effectively treated
as outpatients (Lindmarker and Holmstrom,
1996; Dedden et al, 1997; Grau et al, 1998;
Harrison et al, 1998; O’Shaughnessy et al, 1998,
2000; Ting et al, 1998; Wells et al, 1998;
Eikelboom and Baker, 2001). Experience from
trials suggests that success in clinical practice
will be dependent on a number of factors. These
include the accessibility of multidisciplinary
clinical services with expertise in the diagnosis
and management of VTE and proper education
of patients. Education should include the nature
of VTE, treatment with anticoagulants and their
potential complications. Although home treat-
ment programmes offer advantages for patients
and health-care providers, careful monitoring of
individual centres will be required to ensure
their success, and treatment through an outpa-
tient anticoagulation clinic may the ideal care
provision vehicle for outpatient management. 

USE OF LMWHS TO TREAT PE
In most of the clinical trials that established the
efficacy and safety of LMWH for the treatment
of acute DVT, patients with associated sympto-
matic PE were excluded because they were con-
sidered to have more serious thromboembolic
disease or formed only a small proportion of the
study population (Lensing et al, 1995;
Leizorovicz, 1996; Siragusa et al, 1996). It is
generally accepted that DVT and PE are different
expressions of the same disease process and the
development of objective criteria for determining
a high probability of PE, based on techniques
such as ventilation–perfusion lung scanning and
pulmonary angiography, has shown that at least
50% of patients with objectively determined
DVT also have asymptomatic PE (Hull et al,
1983; Huisman et al, 1989). Since many patients
treated with LMWH for DVT would have also
had asymptomatic PE, clinical trials were set up
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to evaluate the efficacy and safety of LMWH
compared to UFH for the treatment of PE. 

Two initial randomized clinical trials were
published simultaneously in the same journal in
1997. In one study (Simonneau et al, 1997),
patients presenting with symptomatic PE were
randomized to receive UFH or LMWH.
Statistically equivalent rates of VTE recurrence,
major bleeding and death occurred in each treat-
ment group, the authors concluding that LMWH
was as effective and had a similar bleeding pro-
f ile as UFH for the treatment of acute PE.
However, it should be noted that in this study
with tinzaparin, only 42% of patients screened
for trial entry presenting with symptomatic PE
were included. Thus, a minority of cases of PE
were deemed suitable for treatment with tinza-
parin. The second study examined unselected
patients presenting with acute, symptomatic
DVT with or without accompanying PE
(Anonymous, 1997). Equivalent rates of VTE
recurrence, major bleeding and death were
reported for patient groups treated with UFH or
LMWH. The authors concluded that LMWH is
equally as effective and safe as UFH for the
treatment of VTE regardless of whether the
patient has accompanying PE. 

These initial studies were followed and con-
firmed by two further studies, published within
the last year. Patients with objectively deter-
mined PE and underlying DVT were randomized
to receive UFH or LMWH (Hull et al, 2000). In
a second study described previously, patients
with objectively determined DVT, with or with-
out accompanying PE, received UFH or enoxa-
parin given once or twice daily (Merli et al,
2001). Both studies reported equivalent rates of
recurrent VTE, bleeding and mortality for the
UFH and LMWH treatment groups. 

Following on from the success of outpatient
treatment programmes for DVT, the possibility
of treating PE in an outpatient setting was inves-
tigated in a cohort study (Kovacs et al, 2000).
Patients with objectively determined PE were
randomized to inpatient or outpatient treatment

with LMWH. The results showed similar out-
comes in terms of recurrence of VTE, bleeding
and mortality suggesting that outpatient treat-
ment of PE with LMWH may be a feasible and
safe option. However, it should be noted that
these remain provisional studies and PE treat-
ment in the outpatient setting is not routine and
not widely used.

The clinical trials published to date are in
close agreement, reporting similar rates for
recurrence of VTE, bleeding and mortality. They
provide good evidence that treatment of PE with
LMWH is at least as effective and safe as UFH.
However, the total number of patients involved
in trials remains low and further studies are
required to confirm the observations of the trials
carried out to date.

LMWH TREATMENT IN SPECIAL
PATIENT GROUPS
Clinical studies have demonstrated that outpa-
tient management of acute DVT using LMWH is
feasible and safe for many patients (Koopman et
al, 1996; Levine et al, 1996; Belcaro et al, 1999;
Boccalon et al, 2000). There remain, however,
groups of patients who have been judged unsuit-
able for outpatient treatment because of
enhanced risk of VTE or bleeding complications
(Dunn and Coller, 1999). These patients fall into
a number of categories.
1. Pulmonary embolism: Current evidence indi-

cates that patients with massive PE with
haemodynamic instability should be treated
in hospital and with monitored and adjusted
UFH rather than LMWH. Such patients with
massive PE may require other interventions
that can include thrombolytic therapy and
pulmonary embolectomy

2. History of thromboembolism: Patients who
suffer from recurrent episodes of VTE and are
judged to be at high risk of recurrence may be
more safely treated as hospital inpatients

3. Haemorrhagic risk: Patients with active
bleeding, active intestinal ulcerative disease
or familial bleeding disorders are unsuitable

Inpatient Outpatient No. VTE Major 
Study treatment treatment patients recurrence (%) bleeding (%)

UFH LMWH UFH LMWH P UFH LMWH P

Koopman et al (1996) UFH LMWH 198 202 8.6 6.9 NS 2.0 0.5 NS

Levine et al (1996) UFH LMWH 253 247 6.7 5.3 NS 1.2 2.0 NS

Belcaro et al (1999) UFH LMWH 98 196 6.2 6.6 NS 0.0 0.0 NS

LMWH = low molecular weight heparin; UFH = unfractionated heparin; VTE = venous thromboembolism.

TABLE 4. 
Selected studies comparing the efficacy and safety of 

inpatient and outpatient treatment for VTE



for outpatient treatment because of the
increased risk of bleeding complications

4. Patients with active malignant disease:
Patients with cancer are more resistant to
heparin therapy and may be better served in-
hospital.

Several other groups of patients are considered
unsuitable for outpatient treatment, mostly for
logistical reasons. These include patients
requiring parenteral analgesia, those requiring
hospitalization for more than 5 days because of
concurrent medical conditions and patients
with uncertain compliance to treatment and
follow-up.

Other patients with a variety of medical condi-
tions are excluded from LMWH treatment or
must be closely monitored during treatment
because of limited information on safety and
efficacy (Dunn and Coller, 1999). These include
pregnant women, children, patients with severe
liver disease, obese patients and patients with
renal insufficiency. The latter two groups are
now considered in more detail:

Renal insufficiency
LMWH is eliminated primarily via renal excre-
tion. As a result, elimination is delayed and peak
anti-factor Xa levels are higher in patients with
marked renal insufficiency. At present, there are
limited data to determine the safety or otherwise
of LMWH in patients with renal impairment.
Patients should therefore be treated cautiously
with monitoring of anti-factor Xa levels.

A recent study has examined the pharmacoki-
netics and pharmacodynamics of enoxaparin in
patients with renal impairment (Sanderink et al,
2001a). The study was conducted in age-, weight-
and sex-matched volunteers who had normal,
mild or severely impaired renal function. The
study showed that anti-Xa clearance decreases
linearly with renal function, with a log-trans-
formed anti-Xa area-under-curve (0–24 hours) in
severely impaired patients that was 65% higher
than in normal individuals. The relationship
between anti-Xa levels and therapeutic effect in
these patients is not well characterized. The
authors concluded that dose reduction should be
considered in those severely impaired renal func-
tion patients receiving enoxaparin. 

Obesity
As a result of weight-based dosage, obese indi-
viduals receive higher doses of LMWH.
However, it is not clear if weight-adjusted doses
result in optimal anticoagulation in obese
patients. Similar uncertainty applies to patients
who are under weight.

Merli et al (2001), as described previously,
examined the efficacy of enoxaparin at once-
and twice-daily weight-adjusted doses and
included a subgroup analysis of obese individu-
als. The study showed that there was no statisti-
cally significant difference in outcome between
the once- and twice-daily dose of enoxaparin in
obese patients, and the study included patients
up to 155 kg in weight. 

A recent study has examined the pharmacoki-
netics and pharmacodynamics of enoxaparin in
obese patients (Sanderink et al, 2001b). The study
was conducted in age-, sex- and height-matched
obese and non-obese volunteers. The study
detailed the body weight of the patients included,
and patients up to 144 kg were enrolled in the
trial. The findings showed that weight-adjusted
doses of enoxaparin led to only marginally higher
anti-Xa levels and half-life in obese patients. The
higher anti-Xa levels occurred mainly during the
elimination phase and did not significantly influ-
ence the maximum activity of the drug. The
authors concluded that no dose adjustment
appears necessary in obese patients, including
those up to 144 kg, receiving enoxaparin. In
patients above these weights the use of LMWHs
is not well characterized. 

CLINICAL GUIDELINES AND LMWH USE
The American College of Chest Physicians
(ACCP) and the European Society of Cardiology
(ESC) have provided detailed task force and
consensus conference recommendations respec-
tively for the management of VTE (Anonymous,
2000; Hyers et al, 2001). The ACCP guidelines
were formulated in 2000 and provide an exten-
sive review of clinical evidence followed by
graded therapeutic recommendations. The clini-
cal review notes that subcutaneous LMWH will
largely replace UFH in the initial treatment of
VTE. The clinical guidelines ‘recommend that
patients with DVT or PE should be treated
acutely with LMWH, unfractionated intravenous
heparin, or adjusted-dose subcutaneous heparin
(all Grade A1)’. 

The guidelines on diagnosis and management of
PE, issued by the ESC in 2000, specifically refer
to the diagnosis and management of acute PE.
This document extensively reviews the clinical
evidence and concludes that LWMH may be used
in patients with symptomatic non-massive PE.

COST ANALYSIS OF LMWH 
COMPARED WITH UFH
Clinical studies have shown that LMWH has the
advantage of simpler dosing and administration
when compared with UFH (Gould et al, 1999;
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Dolovich et al, 2000). The relative costs and cost
issues of prescribing LWMH and UFH have
been investigated to a limited extent, and a num-
ber of studies have begun to clarify this issue.

A comparison of the costs associated with the
inpatient treatment of acute DVT was carried out
as a sub-study of a safety and efficacy trial com-
paring enoxaparin with UFH (de Lissovoy et al,
2000). The study, carried out from a third party
payer perspective in the USA, found that the
average total cost across the three treatment
arms was statistically equivalent. Although
acquisition costs for enoxaparin were higher
than UFH, these were offset by lower readmis-
sion rates and a shorter duration of VTE-related
readmissions. However, the authors suggested
that their findings might underestimate the eco-
nomic benefits of enoxaparin given the introduc-
tion of outpatient treatment.

Another study, from the perspective of the
NHS, analysed costs associated with enoxaparin
treatment of VTE, administered to hospital inpa-
tients and to outpatients either at home or attend-
ing anticoagulation clinics (unpublished data, SJ
Anderson et al, 2001). The study found that out-
patient treatment with enoxaparin was associated
with the lowest costs, with similar savings
achieved in the anticoagulation clinic and home
setting. The study concluded that a strong argu-
ment exists for transferring patients with acute
DVT from a secondary to a primary care setting. 

A number of other studies reported similar
findings with cost savings as high as 60% asso-
ciated with the use of LMWH in outpatient pro-
grammes (Lindmarker and Holmstrom, 1996;
Boccalon et al, 2000; Bossuyt and Prins, 2000;
Tillman et al, 2000). Although more studies are
required, current evidence indicates the potential
for cost savings with the use of LMWH in the
outpatient settings. 

CONCLUSIONS
Clinical studies show enoxaparin to be at least as
effective with a similar bleeding profile to UFH
for the initial treatment of acute DVT and sub-
massive PE. Simple dosing and administration
without monitoring has led to increasing use of
LMWH in preference to UFH for hospitalized
patients and has facilitated the development of
outpatient treatment programmes. Clinical stud-
ies demonstrate that most patients with acute
DVT can be treated safely and effectively in the
outpatient setting. Recent cost analysis demon-
strates that enoxaparin treatment in the outpa-
tient anticoagulant clinic has the potential to
reduce costs substantially.
Conflict of interest: none. 
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KEY POINTS
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