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ABSTRACT Deep venous thrombosis (DVT) and pulmonary embolism (PE)
remain significant heath care problems. Although standard unfractionated hep-
arin effectively treats DVT and PE, low molecular weight heparins (LMWHs)
have many theoretical advantages, including less bleeding potential, less throm-
bocytopenia, improved bioavailability, and more even pharmacokinetics. Addi-
tionally, LMWHs are given subcutaneously based on patient weight and do not
need to be monitored by blood tests. Multiple studies have compared LMWH
to standard heparin for treatment of DVT/PE. LMWHs have a lower risk for
major bleeding, recurrent thromboembolic disease, and mortality rate for the
treatment of DVT, whereas for PE treatment they are at least equivalent to
standard heparin and more convenient. However, not all patients are candi-
dates for such outpatient therapy. The ability to give LMWH subcutaneously
and the lack of need for intensive blood monitoring allows for outpatient
therapy.
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Deep venous thrombosis (DVT) has been estimated to affect greater than
250,000 patients yearly.1,2 Deep venous thrombosis and pulmonary
embolism (PE) together are associated with 300,000 to 600,000 hospitaliza-
tions and as many as 50,000 deaths yearly, although others suggest an even
higher yearly death rate.3 The cost of treating DVT is estimated to be
between $1.0 and $2.4 billion per year,4 and DVT is responsible for increased
mortality in the elderly. Thus DVT and PE together remain significant
problems.
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STANDARD UNFRACTIONATED HEPARIN

The treatment of DVT and PE includes anticoagulation, intravenous unfrac-
tionated heparin followed by long-term oral anticoagulation. Adequate anti-
coagulation decreases the recurrence of venous thromboembolism (VTE) by
80% (29 to 47% untreated to 5 to 7% treated5–8). In an analysis involving 25
studies with confirmed objective diagnosis of DVT and PE, the risk of fatal
PE was very low, during (0.4%) and after (0.3%) adequate treatment for
DVT, and during (1.5%) and after (0%) adequate treatment for PE.9 Standard
unfractionated heparin is effective in treating DVT and PE.

However, the most important complication of anticoagulation therapy is
bleeding. With standard intravenous unfractionated heparin, bleeding is seen
in 11% of cases during the first 5 to 10 days of treatment.10 Major bleeding is
noted between 0 and 7%, whereas fatal bleeding has been noted between 0
and 2%.11 Adding oral anticoagulation with an international normalized ratio
(INR) between 2 and 3 results in an incidence of major bleeding of approxi-
mately 6% per year. Because of the bleeding associated with unfractionated
heparin, low molecular weight heparins (LMWHs) were developed. Addi-
tional complications of heparin include thrombocytopenia, osteoporosis, and
alopecia.

LOW MOLECULAR WEIGHT HEPARIN

Low molecular weight heparins are derived from the lower molecular weight
range of heparin by chemical or enzymatic fragmentation. The mean molec-
ular weight of LMWH is 4000 to 6500 d, whereas the mean molecular
weight of standard unfractionated heparin is 12,000 to 15,000 d. The mean
number of saccharide units for LMWH is 13 to 22, whereas for standard hep-
arin it is 40 to 50.12 Unfractionated heparin is large enough to make a three-
way complex between thrombin, antithrombin, and heparin, and such a
complex inhibits thrombin. This complex requires at least 18 saccharide
units. Low molecular weight heparins are usually shorter than 18 saccharide
units and, because of this, show less antithrombin activity. For inhibition of
factor Xa, such a three-way complex is not required, allowing LMWHs to
demonstrate more antifactor Xa activity. Each LMWH has its own antifactor
Xa to antifactor IIa activity ratio, with most having a ratio between 2 : 1 to
4 : 1. This compares with a ratio of 1 : 1 for standard heparin.12

The advantages of LMWHs compared to standard heparin include a
decrease in bleeding potential, less antiplatelet activity, a lower risk for hepa-
rin-induced thrombocytopenia, an improved pharmacokinetic profile due to
reduced nonspecific plasma protein binding, decreased lipolysis, a half-life
that is not dose dependent, more constant inhibition of antifactor Xa, less
interference with physiologic protein C activation, less interference with
platelet aggregation, less activation of the complement system, a lower risk of
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osteoporosis, and a lower level of fibrin monomer production.13 Because
LMWH is dosed based on patient weight, LMWH therapy does not need to
be monitored with blood tests of coagulation. Low molecular weight heparin
is administered by subcutaneous injection and its excretion is primarily renal.
The improved bioavailability of LMWHs and the persistence of their antifac-
tor Xa action are likely key to their efficacy.14 Low molecular weight heparins
are only partially reversed by protamine sulfate.15

LOW MOLECULAR WEIGHT HEPARIN AND DEEP 
VENOUS THROMBOSIS

Low molecular weight heparins have been recommended for DVT prophy-
laxis16 and treatment of venous thromboembolism. Treatment of DVT will
be emphasized here. Level I studies and metaanalyses comparing LMWHs
with unfractionated heparin for DVT and PE treatment have demonstrated
LMWH to be at least as effective as, if not more effective than, unfraction-
ated heparin.17–23 For DVT treatment, there is a lower risk for major bleed-
ing, recurrent thromboembolic events, and even death with LMWH.24 A
recent metaanalysis comprising 14 studies of 4754 patients revealed recurrent
venous thrombotic complications at 4.3% for LMWH compared with 5.6%
for standard unfractionated heparin (10 studies), mortality at 6.4% for
LMWH compared with 8.0% for standard unfractionated heparin (11 stud-
ies), major hemorrhage at 1.3% for LMWH compared with 2.1% for standard
heparin (14 studies), and similar findings when evaluating only more proxi-
mal DVT.25 For proximal above knee (AK) thromboses, thrombotic compli-
cations were noted in 4.8% for LMWH compared with 7.8% for heparin,
major hemorrhage in 1.0% for LMWH versus 8.3% for heparin, and mortal-
ity in 5.4% for LMWH versus 8.3% for standard heparin.

LOW MOLECULAR WEIGHT HEPARIN AND 
PULMONARY EMBOLISM

For PE, studies have substantiated that LMWH is equivalent to and more
convenient than standard unfractionated heparin.22,26,27 Three studies will be
highlighted. A study of 1021 patients, 510 given Riviparin and 511 standard
unfractionated heparin for DVT (73 to 74%) and PE (26 to 27%), found
equivalent recurrent venous thromboembolism rates (5.3% vs. 4.9%), major
bleeding rates (3.1% vs. 2.3%), mortality rates (7.1% vs. 7.6%), and fatal PE
rates (0.6% vs. 0.6%). Importantly, the length of hospitalization was only 6.4
� 7.1 days for LMWH compared with 9.4 � 7.8 days for standard heparin.22

A second study of 612 patients with clinically suspected PE (70% with DVT)
again revealed equivalence between the 304 treated with Tinzaparin and the
308 treated with standard heparin concerning combined outcomes of death,
bleeding, and recurrent venous thromboembolism (5.9% for LMWH, 7.1%
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for standard heparin).26 Finally, a recent study of 200 patients presenting with
acute proximal DVT (50 to 60% with asymptomatic PE) revealed a significant
reduction in recurrent venous thromboembolism (0% for LMWH, 6.8% for
standard heparin), a reduction in mortality (6.2% vs. 8.7%), a reduction in
major bleeding (1.0% vs. 1.9%), and a reduction in fatal pulmonary embolism
(0% vs. 1.0%).27

In summary, for DVT LMWH has been found to have a lower risk for
major bleeding, a lower risk for recurrent thromboembolic disease, and a
lower mortality rate. For the treatment of PE, LMWH is at least equivalent
to standard heparin and certainly more convenient. Low molecular weight
heparin therapy is dosed by patient weight and does not need to be moni-
tored by coagulation tests, except in special circumstances such as renal fail-
ure. Because of the lack of monitoring necessary and the use of subcutaneous
injections, outpatient treatment at home is a reality.

CALF VEIN THROMBI

One controversial area of therapy involves calf vein thrombi and the need to
treat such thrombi. Approximately 20% of calf thrombi extend into the
popliteal vein, and extension is associated with 40 to 50% rate of clinically
detectable PE. Isolated calf thrombi have been associated with a 23% inci-
dence of chronic venous insufficiency 12 months after diagnosis and an
approximate 10% incidence of PE at presentation.28 Thus, most authorities
today recommend full anticoagulation for isolated calf vein thrombosis, espe-
cially in the presence of any other risk factors for thrombosis. The ability to
use outpatient LMWH will likely end this controversy because all calf vein
thrombi may now be treated with LMWH and the justification for a full hos-
pitalization for DVT treatment does not have to be made.

ECONOMIC IMPACT OF LOW MOLECULAR WEIGHT HEPARIN

The economic impact of using LMWH rather than standard unfractionated
heparin for venous thromboembolism treatment has been investigated. Cost
savings have ranged from greater than $300,000 for 125 patients (or approx-
imately $2500/case) in the United States29 to approximately $4000 (U.S.
dollars) per case in Canada.30 Greater than a 60% cost reduction was found in
Europe, Australia, and New Zealand,31 and once daily treatment with
LMWH resulted in significant cost reductions in a Swedish study.32 Expand-
ing indications, withholding LMWH therapy only to those patients with
massive PE, a high risk for major or active bleeding, or phlegmasia and
those patients already hospitalized for other diseases has resulted in more
than 80% patient eligibility for home therapy and greater than 90% patient
satisfaction.33,34
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PATIENTS NOT CANDIDATES FOR LOW MOLECULAR WEIGHT
HEPARIN TREATMENT AS OUTPATIENT

Thus, the use of LMWH appears to be possible in 80 to 90% of cases of DVT
and PE with outpatient therapy in many. An area of potential concern is the
nondiscriminative use of LMWH for all patients with DVT or PE, regardless
of the presenting symptoms and signs. Patients who require more aggressive
intervention as an inpatient include those with phlegmasia, young patients
with extensive iliofemoral venous thrombosis who may benefit from throm-
bolysis or thrombectomy, and patients with extensive PE. Others who are not
good candidates for outpatient therapy include patients with active bleeding
or significant familial bleeding disorders in which heparin therapy may have
to be reversed rapidly, those with significant leg edema, those already hospi-
talized, patients with liver dysfunction or renal insufficiency (creatinine �3.5
mg/dL or creatinine clearance <30 mL/min), patients with severe obesity
(>120 kg), and patients who are not capable (for personal, social, or travel
reasons) to self-administer LMWH and follow up closely with their
physician.35

OUTPATIENT TREATMENT PROGRAM

The outpatient treatment of venous thromboembolism with LMWH fol-
lowed by oral anticoagulation requires more than just the writing of a pre-
scription. To administer such a program, a physician must take responsibility
for the outpatient program, pharmacy services are required to supply the
drug, oral anticoagulation must be monitored and dose adjusted, visiting
nurses must be arranged or some type of follow-up at home established, the
patient must be instructed on self-injections, and orthotic services must be
provided for the fitting of surgical support stockings. Such a program can be
established, but many different resources must be brought together for such
a program to be effective.36 It must also be remembered that LMWH is only
a bridge to longer-term oral anticoagulant therapy.

REIMBURSEMENT

One area that still needs to be addressed is the area of reimbursement.
Medicare and most insurance carriers will not pay for the outpatient procure-
ment of LMWH by patients because LMWH is considered a self-injectable
drug. This limits the ability to set up a totally outpatient program. Recent
changes in Medicare reimbursement allow for outpatient coverage if the
patient returns to an outpatient facility daily for injections. There is little
doubt that eventually insurance providers will realize the tremendous cost sav-
ings that outpatient LMWH treatment for DVT and PE provides to the health
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care system. However, until that time patients must realize that they may be
required to pay for their outpatient therapy out of pocket, or they will need to
be hospitalized initially for a short time for insurance coverage to be provided.
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