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high enough to overcome the limited bioavailability associated with this method of
delivery.
Pentasaccharide
In the circulation, heparin binds to the
sequence
A Unfractionated
endothelium and to plasma proteins other
Factor Xa
heparin
than antithrombin. Heparin binding to
endothelial cells explains its dose-dependent clearance. At low doses, the half-life
of heparin is short because it binds rapidly
to the endothelium. With higher doses of
heparin, the half-life is longer because heparin is cleared more slowly once the endoAntithrombin
thelium is saturated. Clearance is mainly
extrarenal; heparin binds to macrophages,
which internalize and depolymerize the long
heparin chains and secrete shorter chains
Thrombin
back into the circulation. Because of its
dose-dependent clearance mechanism, the
plasma half-life of heparin ranges from 30
B Low-molecularto 60 min with bolus IV doses of 25 and 100
weight heparin
units/kg, respectively.
Once heparin enters the circulation, it
binds to plasma proteins other than antithrombin, a phenomenon that reduces its
anticoagulant activity. Some of the heparinbinding proteins found in plasma are acutephase reactants whose levels are elevated in
ill patients. Others, such as high-molecularC Pentasaccharide
weight multimers of VWF, are released
from activated platelets or endothelial cells.
Activated platelets also release platelet factor 4 (PF4), a highly cationic protein that
binds heparin with high affinity. The large
amounts of PF4 found in the vicinity of
platelet-rich arterial thrombi can neutralFIGURE 143-5 Mechanism of action of heparin, low-molecular-weight heparin (LMWH),
ize the anticoagulant activity of heparin.
and fondaparinux, a synthetic pentasaccharide. A. Heparin binds to antithrombin via its
This phenomenon may attenuate heparin’s
pentasaccharide sequence. This induces a conformational change in the reactive center loop of
capacity to suppress thrombus growth.
antithrombin that accelerates its interaction with factor Xa. To potentiate thrombin inhibition,
Because the levels of heparin-binding
heparin must simultaneously bind to antithrombin and thrombin. Only heparin chains comproteins in plasma vary from person to perposed of at least 18 saccharide units, which corresponds to a molecular weight of 5400, are of
son, the anticoagulant response to fixed or
sufficient length to perform this bridging function. With a mean molecular weight of 15,000, all
weight-adjusted doses of heparin is unpreof the heparin chains are long enough to do this. B. LMWH has greater capacity to potentiate
dictable. Consequently, coagulation monifactor Xa inhibition by antithrombin than thrombin because, with a mean molecular weight of
toring is essential to ensure that a therapeu4500–5000, at least half of the LMWH chains are too short to bridge antithrombin to thrombin.
tic response is obtained. This is particularly
C. The pentasaccharide only accelerates factor Xa inhibition by antithrombin because the penimportant when heparin is administered for
tasaccharide is too short to bridge antithrombin to thrombin.
treatment of established thrombosis because
a subtherapeutic anticoagulant response
promoting the formation of a stable covalent thrombin-antithrombin may render patients at risk for recurrent thrombosis, whereas excessive anticoagulation increases the risk of bleeding.
complex.
Only pentasaccharide-containing heparin chains composed of at
least 18 saccharide units (which correspond to a molecular weight monitoring tHe anticoagulant effect Heparin therapy can be moniof 5400) are of sufficient length to bridge thrombin and antithrom- tored using the activated partial thromboplastin time (aPTT) or
bin together. With a mean molecular weight of 15,000, and a range anti-factor Xa level. Although the aPTT is the test most often used for
of 5000–30,000, almost all of the chains of unfractionated heparin this purpose, there are problems with this assay. aPTT reagents vary
are long enough to do so. Consequently, by definition, heparin has in their sensitivity to heparin, and the type of coagulometer used for
equal capacity to promote the inhibition of thrombin and factor Xa testing can influence the results. Consequently, laboratories must
by antithrombin and is assigned an anti-factor Xa to anti-factor IIa establish a therapeutic aPTT range with each reagent-coagulometer
combination by measuring the aPTT and anti-factor Xa level in plasma
(thrombin) ratio of 1:1.
Heparin causes the release of tissue factor pathway inhibitor (TFPI) samples collected from heparin-treated patients. For most of the aPTT
from the endothelium. A factor Xa–dependent inhibitor of tissue reagents and coagulometers in current use, therapeutic heparin levels
factor–bound factor VIIa, TFPI may contribute to the antithrombotic are achieved with a two- to threefold prolongation of the aPTT.
Anti-factor Xa levels also can be used to monitor heparin therapy.
activity of heparin. Longer heparin chains induce the release of more
With this test, therapeutic heparin levels range from 0.3 to 0.7 units/
TFPI than shorter ones.
mL. Although this test is gaining in popularity, anti-factor Xa assays
pHarmacology Heparin must be given parenterally. It is usually have yet to be standardized, and results can vary widely between
administered SC or by continuous IV infusion. When used for thera- laboratories.
peutic purposes, the IV route is most often employed. If heparin is
Up to 25% of heparin-treated patients with venous thromboemgiven SC for treatment of thrombosis, the dose of heparin must be bolism require >35,000 units/d to achieve a therapeutic aPTT. These
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