
UA studies that randomized patients to aspirin or a com-
bination of aspirin and heparin. Pooled data from 1353
patients found a 33% reduction in progression to AMI or
death with the addition of heparin, but this was of mar-
ginal statistical significance (P = 0.06).20 In these trials,
heparin was associated with more major bleeding events,
such as intracranial hemorrhage, requiring transfusion.
The risk/benefit ratio must be considered before heparin
is used in UA patients. In today’s environment, heparin
should be used in moderate- or high-risk patients. Data
do not support the routine use of heparin in low-risk
patients.

Low Molecular Weight Heparin—
The New Standard for ACS 

In the late 1970s, it was recognized that it might be
possible to dissociate the beneficial antithrombotic
effects of heparin from its hemorrhagic anticoagulant
effects. This insight provided the impetus to fractionate
heparin and isolate the antithrombotic effects in the form
of LMWHs. Compared with UFH, LMWHs have supe-
rior absorption and phar-
macokinetic profiles,
similar antithrombotic
activities, and potentially
fewer hemorrhagic com-
plications. (See Table 1.)
Moreover, LMWHs are
proving to be at least as
effective as heparin in a
number of clinical set-
tings, and they are revo-
lutionizing the manage-
ment of acute deep
venous thrombosis by
permitting home-based
therapy.

Pharmacokinetics and
Mechanisms of Action.
LMWHs are fractions or
fragments of heparin
with molecular weights
between 4000 and 6500
Daltons. All are pro-
duced by the fractiona-
tion of heparin mole-
cules by controlled
chemical or enzymatic
depolymerization. Vari-
ous depolymerization
methods are used, result-
ing in many commercial

LMWHs. It is important to recognize that each LMWH
preparation has a distinct mean molecular weight, phar-
macokinetic spectrum, and pharmacologic activity. The
clinical relevance of these differences is not entirely
clear, and randomized trials comparing the different
LMWH preparations have yet to be done. However, reg-
ulatory authorities consider each LMWH preparation to
be a distinct molecule, requiring its own documentation
and FDA approval for specific clinical indications.
Accordingly, the efficacy and safety features of one
LMWH cannot be extrapolated to another, and each
agent should be used according to evidence-based sup-
port and approved indications. 

A number of LMWHs have been developed and
approved for human use over the past decade. Interest-
ingly, clinical use of LMWHs in the United States is rel-
atively new, with four agents having received FDA
approval: ardeparin (Normiflo), dalteparin (Fragmin),
tinzaparin (Innohep), and enoxaparin (Lovenox). All
four agents have been approved for management (i.e.,
prophylaxis and/or treatment) of VTE. Enoxaparin is the
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Mean molecular weight 12,000-15,000 4000-6500
Daltons Daltons

Mean saccharide units 40-50 13-22
Anti-Xa:Antithrombin activity 1:1 2-4:1 
Nonspecific protein binding Much Minimal ↑ Bioavailability

↑ Antithrombin potency
Neutralization by 

Platelet factor 4 Yes Minimal ↑ Antithrombin potency
Inhibition of

Fibrin-bound thrombin No Yes ↑ Antithrombin potency
Binding to endothelium Yes Minimal ↑ Bioavailability

↓ Bleeding1

Binding to macrophages Yes Minimal ↑ Bioavailability
↑ Half-life2

Inactivation of
platelet-bound Xa Weak Strong ↑ Antithrombin potency

Inhibition of platelet function ++++ ++ ↓ Bleeding
Interaction with platelets More Less ↑ Bioavailability
Causes thrombocytopenia Not rare Very rare ↓ Bleeding
Dose response Poor Fair ↑ Safety and consistency
Bioavailability ~ 30% > 90% ↑ Safety and consistency

UFH, Unfractionated heparin; LMWH, Low molecular weight heparin; SC, Subcutaneous
1 = Interaction with endothelial cells causes increased vascular permeability, resulting in
potentially increased bleeding.
2 = Hepatic macrophage uptake of an agent results in increased hepatic metabolism
Reprinted with permission from: Garrison R, Kleinschmidt K. Use of Low molecular weight
heparins. Crit Decis Emerg Med 1999;13:11-19.

Table 1.

Comparison of UFH and LMWH


