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Heparin is stored endogenously within the secretory granules of basophils and mast 
cells, and is only released into the vasculature at sites of injury. At these sites, it helps 
maintain proper blood flow by balancing the active anticoagulant and procoagulant 
processes. Pharmaceutical-grade heparin is derived from animal tissue, but one form is 
made synthetically. Heparin is commonly used in the management of coronary artery 
disease, deep vein thrombosis, pulmonary embolism, and atrial fibrillation, and in the 
prevention of thrombosis during cardiopulmonary bypass and extracorporeal membrane 
oxygenation. Heparin treatment is a key component in elective percutaneous coronary 
intervention (PCI). It plays an important role in minimizing the risk of thrombotic 
events during PCI and is one of the most popular anticoagulants used. However, some 
studies show that higher heparin doses are associated with more frequent bleeding 
complications, which can increase morbidity and mortality. The optimal heparin dosing 
regimens are still debated, as well as their efficacy in PCI compared with that of 
other drugs such as bivalirudin. This review examines the physiology, pharmacology, 
therapeutic applications, dosing regimens, and efficacy of heparin in the setting of PCI. 
In addition, included is a review of data on addition of glycoprotein IIb/IIIa inhibitors to 
heparin and comparison of heparin monotherapy to bivalirudin in PCI.
[Rev Cardiovasc Med. 2015;16(3):189-199 doi: 10.3909/ricm0778]
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Unfractionated heparin was discovered in 
1916 by McLean and Howell, predating the 
establishment of the US Food and Drug 

Administration, and was first used in clinical 

practice in 1935.1 Heparin was originally isolated 
from canine liver cells, and thus given its name 
because hepar is the Greek word for liver. Heparin 
is the most commonly used antithrombotic agent 
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into the rest of the vasculature. 
These include antithrombin (AT), 
heparin cofactor II, and protein 
C inhibitor, which are members 
of a class of proteins called 
serpins (short for serine protease 
inhibitors).5 Heparin assists these 
serpins in anticoagulant processes, 
and additionally stimulates the 
release of tissue factor pathway 
inhibitor from endothelial cells.2 
Heparin’s most significant 
anticoagulant contribution is 
through potentiating the action on 
the serpin AT, which is the major 
heparin cofactor in the inhibition 
of thrombin and other coagulation 
proteases, particularly factor Xa 
and IIa (Figure 2).3,5 Heparin binds 
to enzyme-inhibitor AT through  
a high-affinity pentasaccharide 
sulfation sequence contained 
within the heparin polymer  
(Figure 3). Heparin must bind to 

mechanisms to prevent the 
formation of clots.5 

Heparin plays a vital role in 
the complex network of serine 
proteases that convert proenzymes 
to their active forms. Thrombin, 
or factor IIa, is the final serine 
protease that cleaves fibrinogen 
to form fibrin, the foundation of a 
clot when combined with a platelet 
plug (Figure 1). Vascular injury 

exposes these serine proteases 
to tissue factor and collagen, 
procoagulant stimuli that activate 
the coagulation cascade.3,5 Several 
endogenous anticoagulant proteins 
are also present to regulate the 
formation of thrombin, keeping 
the clotting process local and 
cleaning up proteases that stray 

in the hospital. It plays a crucial 
role in mediating procoagulant and 
anticoagulant processes to maintain 
proper blood flow. It is a versatile 
drug used for the treatment of atrial 
fibrillation, acute coronary syndrome 
(ACS), arterial thrombosis, deep 
vein thrombosis, and pulmonary 
embolism, and in the prevention of 
thrombosis during cardiopulmonary 
bypass and extracorporeal 
membrane oxygenation. It is also 
used as adjunctive pharmacotherapy 
in percutaneous coronary inter-
vention (PCI). Overdosing of 
heparin can lead to dangerous 
bleeding complications.2,3 Optimal 
dosing regimens of heparin during 
PCI remain unknown and are still 
highly debated.

This article reviews the phy-
siology, pharmacology, therapeutic 
applications, and clinical data on 
heparin in the setting of PCI. In 
addition, different dosing regimens 
and the efficacy of heparin 
monotherapy compared with 
bivalirudin in the setting of PCI are 
discussed.

Heparin Physiology 
Heparin is a highly sulfated 
glycosaminoglycan with the 
highest negative charge density of 
any known biological molecule.4 
It is a mixture of sulfated gly-
cosaminoglycans composed of 
alternating residues of iduronic 
acid and D-glucosamine.2 It is a 
naturally occurring anticoagulant 

produced by mast cells and 
basophils that plays an important 
role in vivo in the fine balance of 
anticoagulant and procoagulant 
processes. Although it does not 
break down preformed clots like 
tissue plasminogen activator, it 
instead potentiates the progression 
of the body’s natural clot lysis 
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Figure 1. Schematic diagram to represent intrinsic, extrinsic, and common coagulation pathways in the clot-
ting cascade. XII,  Inactive Factor XII; XII
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, Active Factor 

XI protease; IX, Inactive Factor IX; IX
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, Active Factor IX protease; VIII
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, Active Factor VII protease; X, Inactive Factor X; X

a
, Active Factor X protease; V
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a
, Active Factor II (Thrombin); I, Inactive Factor I (Fibrinogen); I
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Factor I (Fibrin); XIII
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, Active Factor XIII. 

Heparin is a highly sulfated glycosaminoglycan with the highest 
negative charge density of any known biological molecule.
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both the coagulation enzyme and 
AT to inhibit thrombin.3 A ternary 
complex formed between throm-
bin, AT, and heparin results in the 
inactivation of the procoagulant 
enzyme. Thus, heparin’s activity 
against thrombin is size dependent 
and requires at least 18 saccharide 
units. Heparin molecules with 
fewer than 18 saccharides lack the 
chain length to bridge between AT 
and thrombin. However, binding 
to the enzyme is not required for 
the inhibition of factor Xa; only 
the pentasaccharide binding site 
is required. AT and the other 
serpins possess a reactive loop that 
mimics a serine protease substrate 
sequence. A procoagulant protease 
that cleaves this loop is then trap-
ped in an inactive complex with 
the serpin. When heparin binds 
to AT, a conformational change in 
the enzyme inhibitor increases the 
flexibility at its reactive site loop 
and activates it.3 This activated 
AT then binds and inactivates 
thrombin and other blood clotting 
proteases. Once the enzyme is 
inactivated, heparin attached to the 
AT is released so that it can act again 
on another free serpin available.5 
By inactivating thrombin, heparin 
not only prevents fibrin formation, 
but also inhibits thrombin-induced 
activation factors V and VIII and 
platelets. 

Heparin Pharmacology 
Commercial preparation of animal- 
derived heparin is derived from 
tissue extract from pig intestines 
and cow lungs.6 Given its negative 
charge and size, heparin has a 
propensity to bind to positively 
charged surfaces such as platelet 
proteins, plasma proteins, and 
endothelial cells, leading to 
variable anticoagulation responses 
and heparin resistance.3 Heparin 
resistance is usually caused by an 
acute-phase response that leads 
to high levels of procoagulant 
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Figure 2. Inhibiting interactions (red arrows) of antiplatelet medications (aspirin, glycoprotein [GP] IIb/IIIa 
inhibitors, clopidogrel) and anticoagulant medications (unfractionated heparin, enoxaparin/fondaparinux, 
direct thrombin inhibitors) on clotting cascade factors. Adapted from Earnest M, Tadros P. Non-ST segment 
elevation MI and unstable angina: what role for anticoagulants and antiplatelet agents? Consultant website. 
http://www.consultantlive.com/urologic-diseases/non-st-segment-elevation-mi-and-unstable-angina-what-
role-anticoagulants-and-antiplatelet-agents. Created March 1, 2007. Accessed September 21, 2015. 
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Figure 3. Mechanism of action of heparin on antithrombin. Heparin binds to antithrombin via its pentasac-
charide sequence, inducing a conformational change at the antithrombin reactive center loop. Both throm-
bin and Factor X

a
 can then bind to the heparin-antithrombin complex. To potentiate thrombin inactivation, 

heparin must bind both thrombin and antithrombin. However, the inactivation of Factor X
a
 does not require 

heparin binding to it directly. Adapted from Fauci AS et al.53 
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60 minutes, making the delay in 
reporting impractical for PCI.10,11

The measurement of ACT first 
came into clinical use in the mid 
1970s to guide the administration 
and reversal of heparin during 
cardiopulmonary bypass.10 The 
measurement of ACT is widely 
used in the cardiac catheterization 
laboratory, where immediate results 
are obtained with a point-of-care 
assay to monitor the anticoagulant 
effect of heparin. It measures the 
number of seconds it takes for 
whole blood to clot upon exposure 
to an intrinsic pathway activator. 
Although it monitors agents that 
possess both anti-Xa and anti-IIa 
activities, the ACT is influenced 
predominantly by anti-IIa activity. It 
has an advantage over aPTT for PCI 
because, at high doses of heparin, 
the dose-response relationship 

remains linear for ACT.10 The 
ACT graded response to heparin 
concentrations is in the range of 
1 U to 5 U/mL.10 Although ACT is 
a quick, easy, and reliable method 
of anticoagulation testing that is 
extremely useful in monitoring 
heparin therapy, its disadvantages 
are mainly related to differences 
between commercially available 
devices and the various ACT values 
that are calculated.12 For example, a 
target ACT of 250 to 300 seconds for 
HemoTec (Medtronic, Minneapolis, 
MN) is the equivalent of 300 to 350 
seconds for Hemochron (Accriva 
Diagnostics, Piscataway Township, 
NJ) systems.13

Dosing of Heparin for PCI
Heparin is the most commonly 
used anticoagulant in the world to 

proteins such as factor VIII.2 
Heparin binding to macrophages 
and endothelial cells can also result 
in dose-dependent clearance. In 
addition, heparin can lead to comp-
lications including anaphylaxis, 
bleeding, thrombocytopenia, and 
osteopenia.2,3 Long-term therapy in 
pregnant women, for example, can 
cause osteoporosis. Radiographic 
evidence has shown bone loss 
in approximately 15% of women 
who received prolonged treatment 
during pregnancy.2 

Heparin is administered paren-
terally because it is not absorbed 
in the gut due to its high negative 
charge and size. Intramuscular 
injections are avoided because of 
the risk of developing hematoma. 
Subcutaneous administration is 
predominantly given for deep vein 
thrombosis prophylaxis.2 In order 
to maintain its antithrombotic 
effect throughout the duration of 
PCI, heparin must be rebolused 
or continually infused because 
of its short half-life of 1.5 hours.7 
However, higher doses of heparin 
have a longer half-life than lower 
doses. Heparin is primarily excreted 
by the reticuloendothelial system in 
a rapid dose-dependent manner, 
but the extent of reticuloendothelial 
saturation is difficult to ascertain. 
As endothelial cell binding of 
heparin is saturated, a higher 
burden is placed on the kidneys 
as they clear the drug from the 
bloodstream at a slower rate.7 Renal 
excretion provides a secondary, 
slower first-order clearance of 
heparin that results in nonlinear 

pharmacokinetics that become 
increasingly disproportionate at 
higher doses.8

Overdosing of heparin has 
potentially catastrophic bleeding 

complications. Protamine sulfate, 
a highly cationic peptide drug that 
is produced primarily through 
recombinant biotechnology, can 
reverse the anticoagulant effects 
of heparin in 30 to 60 seconds 
after intravenous administration 
by binding to heparin to form a 
stable ion pair that does not have 
anticoagulant activity.9

Monitoring Level of 
Anticoagulation
The pharmacodynamics of heparin 
vary among individuals and 
therefore require close monitoring 
with either activated partial 
thromboplastin time (aPTT) or 
activated clotting time (ACT). 
aPTT measures the activity of the 
intrinsic and common coagulation 
pathways by measuring the clotting 

time from the activation of factor 
XII to the fibrin clot formation.10,11 
It is commonly used to monitor 
the anticoagulant effect of heparin, 
argatroban, and hirudin, although  
its use is not ideal at high doses of 
heparin. The aPTT usually becomes 
prolonged beyond measurable 
levels at heparin concentrations  
 1 U/mL. Thus, aPTT is unsuitable 
for monitoring heparin dosage 
during PCI because patients may 

require heparin levels  1 U/mL.
In addition, the measurement of 
aPTT is generally performed in a 
hospital’s core laboratory facility 
and takes approximately 30 to 

Although ACT is a quick, easy, and reliable method of 
anticoagulation testing that is extremely useful in monitoring 
heparin therapy, its disadvantages are mainly related to differences 
between commercially available devices and the various ACT values 
that are calculated.

Overdosing of heparin has potentially catastrophic bleeding 
complications.
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bleeding complications.19 In the 
Aspirin Plus Dipyridamole Versus 
Aspirin Alone After Cerebral 
Ischaemia of Arterial Origin 
(ESPRIT) trial, lower ACT levels 
reduced bleeding complications 
but did not increase ischemic 
complications.20 A single-center 
prospective study from the 
UCLA Medical Center demonstrated 
that low-dose heparin (40 IU/kg) 
provided excellent protection from 
bleeding complications without 
compromising ischemic events 
in 300 patients who underwent 
elective transfemoral PCI with 
pretreatment with aspirin, 325 mg, 
and clopidogrel, 600 mg.21 It is 
possible that the preloading of 
clopidogrel offsets the potential 
risk of ischemic events with low-
dose heparin. Another prospective 
registry included 418 patients who 
underwent PCI with 30 IU/kg 
of heparin.22 The average dose 
of heparin was 2253 IU and 
the final ACT was 174 seconds. 
The composite rate of repeat 
revascularization, myocardial 
infarction (MI), or death at 
1 month was 2.9%, whereas the rate 
of serious vascular complication 
requiring a blood transfusion and 
surgical repair was 0.24%. Most 
of the patients were not pretreated 
with dual antiplatelet therapy. 
An analysis from the Safety and 
Efficacy of Intravenous Enoxaparin 
in Elective Percutaneous Coronary 
Intervention: An International 
Randomized Evaluation 
(STEEPLE) trial comparing intra-
venous unfractionated heparin 
with intravenous enoxaparin 
demonstrated that bleeding 
significantly increased with ACT 
values  325 seconds, whereas 
ischemic events increased with 
ACT values , 325 seconds. 
Together, these studies suggest that 
heparin has a relatively narrow 
therapeutic window and that a 
general relationship exists between 

also recommend the use of 
weight-based heparin17; 15 years 
of internal analyses have shown 
that heparin dosing using average 
body weight correlated best with 
favorable aPTT responses. Average 
body weight was defined as actual 
body weight plus ideal body weight 
divided by 2. It was anticipated 
that the use of actual weight would 
result in higher initial aPTT values 
and potentially expose patients to 
further bleeding risks, especially 
in obese patients. Patients received 
a bolus of 50 U/kg followed  
by 15 U/kg/h of continuous 
intravenous infusion based on 
average body weight. This use 
of average weight in heparin 
dosing led to rapid and efficient 
anticoagulation in the majority of 
patients.17 It should be noted that 
these guidelines don’t completely 
address dosing in overweight 
and obese patients, making the 
correct application of this weight-
based heparin therapy important 
with obesity’s prevalence in the 
United States. Heparin has a 
small volume of distribution, and 
adipose tissue is less vascular than 
lean tissue, making the volume of 
distribution difficult to assess in 
obese patients.17

Lower doses of heparin may 
be a viable strategy to reduce the 
risk of bleeding complications. 

Higher ACT has been associated 
with more bleeding complications, 
but statistically similar rates of 
ischemic events across increasing 
ACT quartiles (quartile 1: , 256 s;
quartile 2: 257-296 s; quartile 
3: 297-347 s; quartile 4:  348 s).18 
One analysis of randomized trials  
revealed that higher doses of 
heparin during PCI yielded fewer 
ischemic complications, but more 

minimize thrombotic complica-
tions during PCI. The onset of act-
ion is immediate after intravenous 
administration. In addition to 
avoiding thrombotic complications, 
anticoagulation strategies must be 
designed to avoid major bleeding 
complications, as they are associated 
with increased morbidity, mortality, 
and cost.14,15 These strategies must 
also encompass flexibility and ver-
satility, as patients have a heparin 
variable response. The American 
College of Cardiology Foundation/
American Heart Association  
(AHA)/Society of Coronary 
Angiography and Interventions 
guidelines recommend a 70- to 
100-IU/kg bolus of heparin  
to achieve a target ACT of 250 
to 300 seconds for HemoTec 
when glycoprotein (GP) IIb/IIIa 
inhibitors are not planned for 
use. The guidelines recom-
mend administering a 50- to  
70-IU/kg bolus of heparin when GP  
IIb/IIIa inhibitors are used in 
order to maintain an ACT of 
200 to 250 seconds for HemoTec 
systems, or 300 to 350 seconds for 
Hemochron systems.13 However, 
these guidelines are mostly based 
on older studies that predate 
the use of thienopyridines, thus 
requiring larger anticoagulation 
doses. Furthermore, these doses 
have not been prospectively 

studied or validated. The AHA 
additionally recommends the use 
of various heparin dose-adjustment 
nomograms and protocols that 
have been developed, including 
a weight-based nomogram for 
heparin dosing.16 These nomograms 
and protocols monitor levels of 
anticoagulation with aPTT. 

The American College of Chest 
Physicians (ACCP) guidelines 

Lower doses of heparin may be a viable strategy to reduce the risk 
of bleeding complications.
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potent anti-ischemic effect, but an 
increased risk of serious bleeding 
complications that must be balanc- 
ed carefully. Although randomized 
trials have demonstrated the 
reduction of ischemic events with 
GP IIb/IIIa inhibitors in patients 
who undergo PCI for non-ST 
elevation ACS and STEMI, bleeding 
complications are also increased.27,28 
However, the Intracoronary Stenting 
and Antithrombotic: Regimen 
Rapid Early Action for Coronary 
Treatment (ISAR-REACT) 2 trial 
reported a lack of demonstrated 
benefit to the use of GP IIb/IIIa 

inhibitor in troponin-negative 
patients.29 In elective PCI, routine 
use of GP IIb/IIIa is not a universally 
accepted treatment strategy due 
to the lack of efficacy data and 
the increased risk of bleeding 
complications. Its use has decreased 
over 50% in the United Kingdom 
since 2005, and a similar trend is 
taking place throughout the rest of 
Europe.30 Heparin combined with 
a GP IIb/IIIa inhibitor may be best 
used in specific cases, such as ACS 
in the presence of large thrombus 
burden or inadequate antiplatelet 
loading during primary PCI.31,32 
The introduction of more potent 
and rapidly acting oral antiplatelet 
agents for ACS like ticagrelor and 
prasugrel, as well as preloading 
with clopidogrel and aspirin at least 
6 hours prior to elective PCI, may 
obviate the need for incremental 
anti-ischemic protection provided 
by a GP IIb/IIIa inhibitor.33 

If a GP IIb/IIIa inhibitor is used, 
the dose of heparin should be 
adjusted to target an ACT of 200 
to 250 seconds.34 Lower heparin 
doses and targeted ACT levels in 
patients who received GP IIb/IIIa 
inhibitors were associated with a 

heparin dosing and outcomes, 
such that lower heparin doses are 
equally effective as higher doses 
and potentially safer.23

The Coronary Interventions 
Antiplatelet-based Only (CIAO) 
trial suggested that it might even 
be feasible to perform PCI without 
heparin if patients are pretreated 
with dual antiplatelet therapy.24 
However, PCI was only performed in 
simple uncomplicated lesions. Given 
the paucity of current data, PCI 
with ultralow heparin doses (or no 
heparin) cannot be recommended. 

Proper dosing of heparin must 
be carefully considered in patients 
with chronic kidney disease (CKD). 
Patients with CKD have an increas- 
ed risk of hemorrhagic and adverse 
ischemic events after undergoing 
primary PCI for ST segment eleva-
tion  MI (STEMI).25 Analyses show 
that the bleeding risk of patients with 
CKD (creatinine clearance [CrCl]  
, 30 mL/min) is greater than in 
patients with CrCl  30 mL/min 
regardless of the anticoagulant 
used. Instead, baseline risk factors 
such as uremia, increased age, 
and concurrent treatment and 
morbidities determine the higher 
risk of bleeding in CKD.8 Such 

morbidities include smoking and 
diabetes. Thus, conservative dosing of 
heparin is recommended in patients 
with severe renal impairment when 
treating thromboembolism.8 No 
adjusted heparin dosing guidelines 
for CKD patients undergoing PCI 
currently exist, but lower doses 
should also be used in this setting. 
Patients with CKD undergoing 
PCI should be initially treated 
conservatively with unfractionated 
heparin and monitored closely to 
avoid adverse bleeding risks. Lower 
doses will primarily be cleared by 

the reticuloendothelial system and 
require less secondary clearance of 
heparin via renal excretion.8 

Physicians must also consider 
patient factors that may alter the 
response to heparin. For example, 
shorter aPTTs are associated with 
smoking and diabetes in the setting 
of ACS, whereas longer aPTTs 
are associated with older age, low 
body weight, African ancestry, 
and female sex.26 Careful review 
of patient medical charts may 
identify potential drug interactions 
or comorbidities. In addition, the 
indication for anticoagulation is 

critical in determining the correct 
heparin dosage, as different heparin 
dosing guidelines exist for various 
settings. The AHA and the ACCP 
recommend protocols using weight-
based heparin dosing, which provides 
efficacious anticoagulation with 
favorable aPTT responses.17 Using 
lower doses of heparin with these 
protocols may provide additional 
benefit by lowering bleeding 
risks without sacrificing effective 

anticoagulation.23 This approach 
is especially important in patients 
with CKD undergoing PCI who are 
already at a higher risk of bleeding 
with any anticoagulant. It is hoped 
that future studies will establish 
specific heparin dosing guidelines 
for this specific group of patients in 
the setting of PCI. 

Heparin With GP IIb/IIIa 
Inhibitors
The combination of heparin and  
GP IIb/IIIa inhibitors has a 

… conservative dosing of heparin is recommended in patients with 
severe renal impairment when treating thromboembolism.

… shorter aPTTs are associated with smoking and diabetes in the 
setting of ACS, whereas longer aPTTs are associated with older age, 
low body weight, African ancestry, and female sex.
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with bivalirudin, but showed 
more bleeding complications with 
heparin. When patients in a third 
arm were treated with a lower dose 
of heparin (100 U/kg) in the ISAR-
REACT 3A trial, there was no 
longer a significant difference in 
bleeding outcomes compared with 
patients who received bivalirudin.43

In the How Effective Are 
Antithrombotic Therapies in 
Primary PCI (HEAT-PPCI) 
trial, 1829 patients from a single 
center with STEMI referred for 
primary PCI were randomized to 
bivalirudin or heparin (70  U/  kg 
bolus). Use of a GP IIb/IIIa 
inhibitor as a bailout was similar 
(13.5% vs 15.5%; P  NS).44 Nearly 
all patients (99.6%) were treated 
with dual antiplatelet therapy 

prior to PCI, with 60% receiving 
ticagrelor and 27% receiving 
prasugrel. The primary efficacy 
endpoint of major adverse cardiac 
events (MACE) at 4 weeks was 
lower in the heparin group (5.7% 
vs 8.7%; RR 1.52; 95% CI, 1.1-2.1, 
P  .01), which was driven by less 
target lesion revascularization and 
reinfarction without any increase 
in bleeding. In addition, definite 
or probable stent thrombosis was 
lower (0.9% vs 3.4%; RR 3.91; 95% 
CI, 1.6-9.5; P   .001) compared 
with the bivalirudin group, whereas 
mortality, as well as the primary 
safety outcome of major bleeding, 
was similar (3.1% vs 3.5%; P  NS). 

In the Novel Approaches in 
Preventing or Limiting Events 
(NAPLES) III trial, 837 patients 
deemed to be at high risk for bleeding 
complications during their elective 
transfemoral PCI were randomized 
to bivalirudin or heparin 
administration (70 U/kg bolus 

primary PCI with bivalirudin 
compared with heparin plus a GP 
IIb/IIIa inhibitor.38 Furthermore, 
major bleeding was reduced by 
40% in patients treated with 
bivalirudin.38 The use of a GP IIb/
IIIa inhibitor might explain the 
increased bleeding in the heparin 
groups studied. Stent thrombosis 
was higher within 24 hours with 
bivalirudin, but no significant 
increase was present by 30 days.

Although several studies 
support the use of bivalirudin 
over heparin and a GP IIb/IIIa 
inhibitor, study limitations and 
other data findings question 
their superiority. Bivalirudin 
possesses several pharmacologic 
advantages over heparin, but no 
clear evidence suggests bivalirudin 

has any advantage with regard 
to ischemic protection.30 The 
Randomized Evaluation in PCI 
Linking Angiomax to Reduced 
Clinical Events (REPLACE)-1 
trial reported no differences in 
bleeding or ischemic complications 
in a head-to-head comparison 
with bivalirudin and moderate-
dose heparin (70 U/kg) in elective 
PCI.40 When the investigators 
in the REPLACE-2 trial added 
mandatory GP IIb/IIIa inhibitor 
administration to the heparin 
arm, more bleeding complications 
predictably occurred in this 
study arm when compared with 
bivalirudin monotherapy.40 

The ISAR-REACT 3 trial was 
another study that had its short-
comings; it used a significantly 
higher dose of heparin (150 U/ kg) 
than suggested by current 
international guidelines.41,42 The 
results showed no difference in 
ischemic outcomes compared 

90% reduction in vascular bleeding 
rates (20.2% to 2.2%).35 Further 
studies are still needed to compare 
the efficacy of various heparin 
doses with and without GP IIb/
IIIa inhibitors against other drugs, 
including bivalirudin. 

Heparin Versus Bivalirudin 
for PCI
Bivalirudin is a direct thrombin 
inhibitor that is associated with 
fewer bleeding complications 
compared with heparin plus a 
GP IIb/IIIa inhibitor when used 
for the full spectrum of coronary 
artery disease treated with PCI.36-38

It is currently the most widely 
used AT agent in the United States 
for patients undergoing PCI.39 In 
patients with moderate- or high-risk 
ACS undergoing invasive treatment 
in the Acute Catheterization and 
Urgent Intervention Triage Strategy 
(ACUITY) trial, bivalirudin, as 
compared with heparin plus a GP 
IIb/IIIa inhibitor, was associated 
with a noninferior rate of the 
composite ischemia endpoint (7.8% 
and 7.3%, respectively; relative 
risk [RR] 1.08; 95% confidence 
interval [CI], 0.93-1.24; P  .32) 
and significantly reduced rates of 
major bleeding (3.0% vs 5.7%; RR, 
0.53; 95% CI, 0.43-0.65; P , .001) 
and the net  clinical  outcome 
endpoint (10.1% vs 11.7%; RR, 
0.86; 95% CI, 0.77-0.97; P  .02).37 
However, patients who were not 
treated with a thienopyridine prior 
to PCI had a significantly higher 
rate of composite ischemia with 
bivalirudin when compared with 
heparin plus a GP IIb/IIIa inhibitor 
(10.3% vs 7.5%; P  .05).

The Harmonizing Outcomes 
with Revascularization and Stents 
in Acute Myocardial Infarction 
(HORIZONS-AMI) trial reported 
a 34% relative and 1.0% absolute 
reduction in 30-day mortality in 
STEMI patients who underwent 

Bivalirudin possesses several pharmacologic advantages over 
heparin, but no clear evidence suggests bivalirudin has any 
advantage with regard to ischemic protection.

196 • Vol. 16 No. 3 • 2015 • Reviews in Cardiovascular Medicine

Heparin: Physiology, Pharmacology, and Clinical Application continued

4170004_RICM0778.indd   196 06/10/15   4:49 PM



were used predominantly in 
the heparin arm only (RR 0.53; 
95% CI, 0.47-0.61; P , .0001), 
provisionally in both arms (RR 0.78; 
95% CI, 0.51-1.19; P  .25), or 
planned in both arms (RR 1.07; 95% 
CI, 0.87-1.31; P  .53).

One clear advantage to using 
heparin over bivalirudin during 
PCI is that it is substantially less 
expensive. A cost prediction model 
utilizing the results of the ISAR-

REACT 3 trial demonstrated 
that there were increased costs 
associated with the use of 
bivalirudin in all but a small 
group of patients at high risk 
for bleeding.49 Bivalirudin costs 
approximately $400 to $500 per 
PCI compared with less than $10 for 
heparin.21 Thus, the use of weight-
based guideline-recommended 
heparin regimens might be the 
more cost-effective method to 
protect against ischemic events and 
reduce hemorrhagic complications. 
In addition, bivalirudin must 
be reconstituted at the time of 
administration, making its use a 
little more labor intensive. Another 
advantage that heparin has over 
bivalirudin is that it possesses 
a specific antidote to reverse its 
anticoagulant effects: protamine 
sulfate.9,21 However, the lack of a 
specific bivalirudin antidote is less 
problematic than for longer-acting 
anticoagulants because bivalirudin 
has a half-life of 25 minutes after 
intravenous injection.50,51 However, 
the half-life extends to 57 minutes 
for CrCl between 10 to 29 mL/
min and 3.5 hours in patients 
on hemodialysis. Therefore, the 
infusion of bivalirudin in patients 
with CrCl 10 to 29 mL/min should 
be reduced from 2 mg/kg/h to  
1 mg/kg/h.52

post-PCI at a rate of 0.25 mg/kg/h) 
or unfractionated heparin or 
enoxaparin with an optional GP 
IIb/IIIa inhibitor.48 Bivalirudin 
reduced the risk of the primary 
outcome of the composite of death 
or major non-coronary artery 
bypass grafting bleeding (5.1% vs 
8.5%; RR, 0.60; 95% CI, 0.43-0.82; 
P  .001), driven by a reduction in 
major bleeding (2.6% vs 6.0%; RR, 
0.43; 95% CI, 0.28-0.66; P , .001). 

The use of a GP IIb/IIIa inhibitor 
was lower in the bivalirudin 
group (11.5% vs 69.1%). The risk 
of acute stent thrombosis was 
higher with bivalirudin (1.1% 
vs 0.2%; RR, 6.11; 95% CI, 1.37-
27.24; P    .007). There was no 
significant difference in rates 
of death (2.9% vs 3.1%) or 
reinfarction (1.7% vs 0.9%). 

In a meta-analysis of 16 ran-
domized trials that included 33,958 
patients, comparing bivalirudin-
based regimens versus heparin-
based regimens in those treated 
with PCI, the risk of MACE at 30 
days was higher with bivalirudin-
based regimens compared with 
heparin-based regimens (RR 1.09; 
95% CI, 1.01-1.17; P  .0204), which 
was largely driven by increases in  
MI (RR 1.12; 95% CI, 1.03-1.23) and  
by ischemia-driven revasculariza-
tion (RR 1.16; 95% CI 0.997-1.34), 
with no effect on mortality (RR 
0.99; 95% CI, 0.82-1.18). Bivalirudin 
was associated with an increased 
risk of stent thrombosis (RR 1.38;  
95% CI, 1.09-1.74; P  .0074). 
Overall, bivalirudin-based regimens 
lowered the risk of major bleeding 
(RR 0.62; 95% CI, 0.49-0.78; 
P  ,  .0001), but the magnitude 
of this effect varied greatly 
(P , .0001) depending on 
whether GP IIb/IIIa inhibitors 

followed by 20 U/kg to maintain 
ACT above 250 s).45 Bailout use of a 
GP IIb/IIIa inhibitor was uncommon 
in both arms of the study (0.5% vs 
1.3%; P  .22). The primary endpoint 
of in-hospital major bleeding was 
similar in both the heparin and 
bivalirudin arms (3.3% vs 2.6%, odds 
ratio [OR], 1.28; 95% CI, 0.58-2.86;  
P  .54), as well as the clinical end-
points at 30 days: stent thrombosis 
(0.5% vs 0.5%; P  .99), MI (0.2% vs 
0%; P  .50), MACE (6.5% vs 4.3%; 
P  .17), death (2.4% vs 1.4%; P  .31), 
and major bleeding (3.3% vs 2.6%;  
P  .58). 

The Bavarian Reperfusion 
Alternatives Evaluation (BRAVE) 4 
trial was a randomized, open-label, 
multicenter trial that included 
548 STEMI patients comparing a 
planned primary PCI strategy of 
prasugrel 60 mg plus bivalirudin 
(0.75 mg/kg bolus followed by 
1.75 mg/kg/h infusion) against 
the administration of clopidogrel, 
600 mg plus heparin (70-100 U/kg 
bolus with additional heparin 
administered during PCI based 
on ACT).46 All patients received 
500 mg of intravenous aspirin. The 
primary endpoint of unplanned 
revascularization of the infarct-
related artery, stent thrombosis, 
stroke, major bleeding, MI, or 
death at 30 days was similar in 
both groups (15.6% prasugrel plus 
bivalirudin vs 14.5% clopidogrel 
plus heparin; P  .68).47 The 
secondary ischemic endpoint of 
revascularization of the infarct-
related artery, stent thrombosis, 
stroke, MI, or death at 30 days was 
also similar (4.8% vs 5.5%; P  .89). 

The European Ambulance ACS 
Angiography (EUROMAX) trial 
was conducted at 65 European 
centers and randomized 2218 
patients with STEMI transported 
for primary PCI to bivalirudin  
(0.75 mg/kg bolus followed 
by 1.75 mg/kg/h infusion and 
continuation up to 4 hours 

One clear advantage to using heparin over bivalirudin during PCI is 
that it is substantially less expensive.
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MAin PoinTs

• Heparin is a highly sulfated glycosaminoglycan with the highest negative charge density of any known 
biological molecule. It is a naturally occurring anticoagulant produced by mast cells and basophils that plays 
an important role in vivo in the fine balance of anticoagulant and procoagulant processes. Although it does 
not break down preformed clots like tissue plasminogen activator, it instead potentiates the progression of the 
body’s natural clot lysis mechanisms to prevent the formation of clots.

• Heparin is administered parenterally because it is not absorbed in the gut due to its high negative charge and size; 
intramuscular injections are avoided because of the risk of developing hematomas. Subcutaneous administration 
is predominantly given for deep vein thrombosis prophylaxis. In order to maintain its antithrombotic effect 
throughout the duration of percutaneous coronary intervention (PCI), heparin must be rebolused or continually 
infused because of its short half-life.

• Heparin is the most commonly used anticoagulant in the world administered to minimize thrombotic 
complications during PCI; its onset of action is immediate after intravenous administration. In addition to avoiding 
thrombotic complications, anticoagulation strategies must be designed to avoid major bleeding complications, as 
they are associated with increased morbidity, mortality, and cost.

• The combination of heparin and glycoprotein (GP) IIb/IIIa inhibitors has a potent anti-ischemic effect, but also has 
an increased risk of serious bleeding complications that must be balanced carefully. Although randomized trials 
have demonstrated the reduction of ischemic events with GP IIb/IIIa inhibitors in patients who undergo PCI for 
non-ST elevation acute coronary syndromes and ST-elevation myocardial infarction, bleeding complications are 
also increased.

• Although several studies support the use of bivalirudin over heparin and a GP IIb/IIIa inhibitor, study limitations 
and other data findings question their superiority. Bivalirudin possesses several pharmacologic advantages over 
heparin, but no clear evidence suggests bivalirudin has any advantage with regard to ischemic protection.
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