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For patients undergoing percutaneous coronary intervention (PCI), bleeding complica-
tions are a major clinical concern. With advances in pharmacotherapy and devices
over the past 2 decades, the risk of ischemic outcomes, such as myocardial infarction
or death, has decreased. Bleeding complications have more recently become a clinical
and research priority. Determining the incidence of and risk factors for bleeding is
complicated by the multiple systems used to classify bleeding severity and report
bleeding events. The origin of the data, clinical trials versus registries, also influences
the incidence of reported bleeding events. Registry data suggest that risk of bleeding
among patients undergoing PCI is higher in clinical practice than the incidence ob-
served in clinical trials. Another clinical concern is the possible association between
PCI-related bleeding complications and myocardial infarction, stroke, or death. Reduc-
tion in bleeding risk is a desirable goal that may potentially improve survival and
increase comfort for patients undergoing PCI. Using strategies such as careful vascular
access, alternative radial artery access, and modified antithrombotic regimen may
reduce bleeding during PCI as well as improve patient outcomes.
[Rev Cardiovasc Med. 2007;8(suppl 3):S18-S26]
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Percutaneous coronary intervention (PCI) is a fundamental part of the
treatment of coronary artery disease. Over time, ischemic outcomes after
PCI, such as death and myocardial infarction (MI), have steadily decreased

despite treatment of patients at higher risk of complications or ischemic out-
comes.1 In addition, the routine use of PCI as the initial therapy for patients
with stable anginal symptoms has been called into question.2 Therefore, in the
modern era of PCI, the appropriate approach for patients who are stable is one
of “first, do no harm.” In this context, the safety of diagnostic or therapeutic
procedures has taken on new significance. For PCI, safety includes a minimiza-
tion of periprocedural ischemic events as well as bleeding complications. The
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issue of bleeding complications has
become a clinical and research prior-
ity and is now considered an essential
part of evaluating new antithrom-
botic and antiplatelet drugs that are
being developed for use in the car-
diac catheterization laboratory. This
review will highlight bleeding issues
related to PCI with emphasis on the
evaluation of bleeding complica-
tions, association between bleeding
and adverse outcomes, and strategies
to reduce periprocedural bleeding
complications.

Bleeding: Definitions,
Incidence, and Risk Factors
A challenge that has recently come to
light relates to capturing the inci-
dence of PCI-related bleeding in both
clinical trials and registries. Reported
bleeding rates are highly dependent
on the definition used.3 A liberal
definition of bleeding that includes
clinical events (eg, blood transfusion,
hypotension, hematomas) and labo-
ratory parameters (eg, decrease in he-
moglobin) will result in capturing a
large proportion of complications
and result in a high incidence of
bleeding, whereas, a conservative de-
finition will have the opposite effect.
Table 1 provides a sample of bleeding
definitions that have been used pre-
viously in PCI clinical trials.4-12

Two commonly used definitions
in trials of acute coronary syndromes
(ACS) are the Thrombolysis in My-
ocardial Infarction (TIMI) and Global
Use of Strategies to Open Occluded
Arteries (GUSTO) scales (Table 2).
The TIMI scale classifies bleeding
severity as minimal, minor, or major
based on decreases in hemoglobin or
hematocrit values, corrected for the
effects of blood transfusion.13 In con-
trast, the GUSTO scale relies solely
on clinical events and separates

bleeding severity into classifications
of mild, moderate, or severe.14 Some
studies use definitions that combine
elements of both scales, whereas oth-
ers use both scales to capture bleed-
ing events occurring during the
course of the same study.

Blood transfusion also plays an im-
portant role in the assessment of
bleeding. The TIMI scale incorpo-
rates the effect of transfusion on
changes in hemoglobin level,
whereas, according to the GUSTO
scale, moderate bleeding is defined

by the occurrence of transfusion.
Ample clinical data suggest, how-
ever, that transfusion does not al-
ways occur in the setting of a clinical
bleeding event.15,16 Moscucci and
colleagues found that up to 64% of
blood transfusions were given inap-
propriately when published transfu-
sion guidelines were used as the
benchmark.15,17 Because transfusion
may reflect a bias on the part of the
physician rather than indicate a true
bleeding event, reliance solely on in-
cidence of transfusion to capture
bleeding events in retrospective
databases can be problematic. De-

spite this limitation, transfusion may
be helpful as a marker of a clinical
event that was judged severe enough
to warrant intervention.

Lack of standards for assessing
bleeding severity, often within the
same study, leads to variation in
the reported incidence of bleeding
among patients undergoing PCI. For
example, in the Randomized Evalua-
tion in PCI Linking Angiomax to Re-
duced Clinical Events II (REPLACE-2)

study,9 bleeding events were evalu-
ated using the REPLACE-2 definition
and the TIMI definition. When the
REPLACE-2 definition was used, the
strategy of bivalirudin with provi-
sional glycoprotein (GP) IIb/IIIa in-
hibitor was associated with signifi-
cantly less bleeding than the strategy
of heparin with planned GP IIb/IIIa
inhibitor. In contrast, when the TIMI
bleeding definition was applied, there
was no significant difference in bleed-
ing between the 2 arms. Another fac-
tor influencing the incidence of
bleeding is the origin of the data—
clinical trials versus registries. Bleed-
ing rates tend to be higher in reg-
istries, which include a broad
sampling of patients, compared with
clinical trials, which are often less
representative of patients seen in
clinical practice.18 Finally, the evolu-
tion in interventional pharmacother-
apy and devices also affects bleeding
rates—catheters have decreased in
size, the number of unfractionated he-
parin doses used during PCI have de-
creased due to recognition of the risk
of overanticoagulation,5,8 and newer
agents that reduce bleeding risk, such
as bivalirudin, are being increasingly
adopted into clinical practice.

Although evaluating the incidence
of PCI-related bleeding with accuracy

is challenging because of the factors
discussed above, data from clinical
trials and registries offer some in-
sight. In the Evaluation of 7E3 for the
Prevention of Ischemic Complica-
tions (EPIC) trial comparing abcix-
imab (bolus only or bolus and infu-
sion) plus unfractionated heparin
versus unfractionated heparin alone
in patients undergoing balloon an-
gioplasty, the rates of TIMI major
bleeding were 7% for heparin alone,

Reported bleeding rates are highly dependent on the definition used.

The evolution in interventional pharmacotherapy and devices also affects
bleeding rates.
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Table 1
“Major” or “Severe” Bleeding Definitions Used in Percutaneous Coronary Intervention Trials and Registries

Trial Regimens Studied Bleeding Definition

EPIC4 Abciximab bolus vs abciximab bolus � TIMI*

infusion vs placebo

EPILOG5 Abciximab � standard-dose heparin vs TIMI*

abciximab � low-dose heparin vs heparin

RESTORE6 Tirofiban � heparin vs heparin TIMI* and RESTORE “Major bleeding”
• Decrease in hemoglobin � 5 g/dL
• Transfusion � 2 units PRBCs or whole blood
• Associated with surgery
• Intracranial bleeding
• Retroperitoneal bleeding

ESPRIT7,8 Eptifibatide � heparin vs heparin TIMI* and GUSTO*

REPLACE-29 Bivalirudin � provisional GP IIb/IIIa inhibitor vs REPLACE-2 “Major bleeding”
heparin � planned GP IIb/IIIa inhibitor • Intracranial, intraocular, or retroperitoneal hemorrhage

• Clinically overt blood loss resulting in a decrease in
hemoglobin � 3 g/dL

• Any decrease in hemoglobin � 4 g/dL
• Transfusion of � 2 units PRBCs or whole blood

ACUITY10 Bivalirudin � provisional GP IIb/IIIa inhibitor vs ACUITY “Major bleeding”
bivalirudin � planned GP IIb/IIIa inhibitor vs • Intracranial or intraocular bleeding
heparin � planned GP IIb/IIIa inhibitor • Hemorrhage at the access site requiring intervention

• Hematoma with a diameter of � 5 cm
• Reduction in hemoglobin � 4 g/dL without an overt bleed-

ing source or � 3 g/dL with such a source
• Reoperation for bleeding
• Transfusion of a blood product

Bivalirudin Bivalirudin vs heparin “Major hemorrhage”
Angioplasty • Overt bleeding with a decrease in hemoglobin of � 3 g/dL
Study11 • Need for transfusion

• Intracranial hemorrhage
• Retroperitoneal bleeding

STEEPLE12 Enoxaparin 0.5 mg/kg IV vs enoxaparin STEEPLE “Major bleeding”
0.75 mg/kg IV vs heparin • Bleeding resulting in death

• Retroperitoneal or intraocular bleeding
• Bleeding leading to hemodynamic compromise requiring

intervention
• Bleeding requiring surgical or endoscopic intervention
• Clinically overt bleeding with transfusion of � 1 unit PRBCs

or whole blood
• Clinically overt bleeding with a decrease in hemoglobin

� 3 g/dL

ACUITY, Acute Catheterization and Urgent Intervention Triage Strategy Trial; EPIC, Evaluation of 7E3 for the Prevention of Ischemic Complications trial; 
EPILOG, Evaluation of Percutaneous Transluminal Coronary Angioplasty to Improve Long-term Outcome with Abciximab Glycoprotein IIb/IIIa Blockade trial;
ESPRIT, European Study of the Prevention of Reocclusion After Initial Thrombolysis trial; GUSTO, Global Strategies for Opening Occluded Coronary Arteries
trial; IV, intravenous; PRBCs, packed red blood cells; REPLACE-2, Randomized Evaluation in PCI Linking Angiomax to Reduced Clinical Events II; RESTORE,
Randomized Efficacy Study of Tirofiban for Outcomes and Restenosis Trial; STEEPLE, Safety and Efficacy of Enoxaparin in Percutaneous Coronary Intervention
Patients, an International Randomized Evaluation trial; TIMI, Thrombolysis In Myocardial Infarction.
*See Table 2 for definition.

11% for abciximab bolus plus hep-
arin, and 14% for abciximab bolus
and infusion plus heparin.4 Heparin
doses used in the EPIC trial were not

reduced when abciximab was added.
The strategy of reducing the heparin
dose in the presence of GP IIb/IIIa in-
hibitors was tested in the Evaluation

of Percutaneous Transluminal Coro-
nary Angioplasty to Improve Long-
term Outcome with Abciximab Gly-
coprotein IIb/IIIa Blockade (EPILOG)
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trial.5 The EPILOG trial randomized
patients undergoing PCI to abcix-
imab plus standard-dose heparin, ab-
ciximab plus reduced-dose heparin,
or heparin alone; the rates of TIMI
major bleeding were 3.5%, 2.0%, and
3.1%, respectively. Notably, the rate
of bleeding in the heparin alone arm
of the EPILOG trial was less than half
the bleeding rate seen in the heparin
alone arm of the EPIC trial, suggest-
ing that either procedural techniques
or catheter design had evolved to re-
duce the risk of bleeding.

Two more contemporary trials of
PCI are the European Study of the
Prevention of Reocclusion After Ini-
tial Thrombolysis (ESPRIT) and RE-
PLACE-2 trials, both of which used
different bleeding definitions. In the
ESPRIT trial, patients undergoing

elective PCI were randomized to un-
fractionated heparin alone or the
combination of unfractionated hep-
arin plus eptifibatide.7 Bleeding was
assessed using the TIMI scale and
the rate of TIMI major bleeding in
the heparin alone arm was 0.4%,
whereas the rate of TIMI major
bleeding in the combination therapy
arm was 1.0% (P � .027). A post-hoc
analysis of ESPRIT found that de-
creasing the heparin dose could re-
duce the risk of bleeding with com-
bined heparin plus eptifibatide
therapy. The REPLACE-2 trial ran-
domized over 6000 patients, under-
going either elective or urgent PCI,
to a strategy of bivalirudin plus pro-
visional GP IIb/IIIa inhibitor (given
for procedural complications) or un-
fractionated heparin plus planned

GP IIb/IIIa inhibitor.9 The definition
used in this study (see Table 1 for de-
finition) captured more bleeding
events. Accordingly, the rate of pro-
tocol-defined major bleeding was
4.1% in the heparin plus GP IIb/IIIa
inhibitor arm and 2.4% in the bi-
valirudin alone arm (P � .001).

Although the data provide a per-
spective on bleeding incidence in the
context of clinical trials, registry data
can be helpful in delineating the in-
cidence in a “real-world” population.
Kinnaird and colleagues described
the incidence of TIMI major and
minor bleeding in 10,974 consecu-
tive patients undergoing PCI at 3
hospitals.19 In this unselected co-
hort, the incidence of TIMI major
bleeding was 5.4%, the incidence of
TIMI minor bleeding was 12.7%, and
the rate of blood transfusion was
5.4%. Most bleeding events were re-
lated to the vascular access site. Data
from 6656 patients enrolled in the
multicenter National Heart, Lung,
and Blood Institute (NHLBI) Dy-
namic Registry show that the overall
incidence of access-site hematoma
requiring blood transfusion was
1.8%.20 One of most serious compli-
cations of vascular access is retroperi-
toneal hematoma, which is rare, but
can be potentially life-threatening.
Data suggest that this complication
occurs in approximately 0.74% of
patients undergoing PCI.21

The marked differences between
clinical trial and registry data suggest
that the risk of bleeding among
patients undergoing PCI in clinical
practice is higher than that seen in
clinical trials. Clearly, some patients
are at higher risk for bleeding than
others. Certain risk factors have been
described in virtually every bleed-
ing study performed. Age, female
gender, and decreased renal function
have consistently been shown to be
independent predictors of bleed-
ing.10,22,23 Recently, analysis from the
Acute Catheterization and Urgent

Table 2
TIMI and GUSTO Bleeding Classifications

TIMI Bleeding Classification13

Major Intracranial hemorrhage or � 5 g/dL decrease in the hemoglobin
concentration or � 15% absolute decrease in the hematocrit

Minor Observed blood loss: � 3 g/dL decrease in the hemoglobin con-
centration or � 10% decrease in the hematocrit

No observed blood loss: � 4 g/dL decrease in the hemoglobin
concentration or � 12% decrease in the hematocrit

Minimal Any clinically overt sign of hemorrhage (including imaging) that
is associated with a � 3 g/dL decrease in the hemoglobin con-
centration or � 9% decrease in the hematocrit

GUSTO Bleeding Classification14

Severe or Either intracranial hemorrhage or bleeding that causes
life-threatening hemodynamic compromise and requires intervention

Moderate Bleeding that requires blood transfusion but does not result in
hemodynamic compromise

Mild Bleeding that does not meet criteria for either severe or moder-
ate bleeding

*All TIMI definitions take into account blood transfusions, so that hemoglobin and hematocrit values
are adjusted by 1 g/dL or 3%, respectively, for each unit of blood transfused. Therefore, the true change
in hemoglobin or hematocrit if there has been an intervening transfusion between 2 blood measure-
ments is calculated as follows: � Hemoglobin � [baseline Hgb � post-transfusion Hgb] � [number of
transfused units]; � Hematocrit � [baseline Hct � post-transfusion Hct] � [number of transfused units
� 3]. GUSTO, Global Strategies for Opening Occluded Coronary Arteries trial; Hct, hematocrit; Hgb,
hemoglobin; TIMI, Thrombolysis In Myocardial Infarction trial. Reprinted with permission from Rao SV
et al.3
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Intervention Triage Strategy Trial
(ACUITY) population of patients
with ACS undergoing a rapid inva-
sive risk strategy has described some
novel bleeding risk factors.10 In this
analysis, markers of high ischemic
risk such as diabetes mellitus and el-
evated cardiac markers, as well as
signs of general chronic illness such
as baseline anemia, were also associ-
ated with bleeding. These data sug-
gest that a risk profile can be con-
structed before the PCI procedure to
identify patients for whom a bleed-
ing reduction strategy should be
employed.

Bleeding, Transfusion, and
Outcomes
If ischemic outcomes after PCI (MI,
stroke, urgent revascularization) are
avoided, is there a level of bleeding
risk that might be acceptable or even
inevitable? The evolution of PCI over
the last 2 decades has resulted in the
paradox of higher-risk patients un-
dergoing the procedure and a lower
incidence of ischemic outcomes.24

Thus, PCI is now performed in pa-
tients who are at high risk for MI,
stroke, and urgent revascularization;
yet, the risk for these complications
is the lowest that it has ever been. In
contrast, bleeding still occurs with
relative frequency. Several studies
have outlined the association be-
tween PCI-related bleeding complica-
tions (variously defined) and short-
and long-term death, MI, and stroke.

Using pooled data from 4 large
randomized controlled trials of pa-
tients (N � 26,452) with ACS, Rao
and colleagues examined the rela-
tionship between in-hospital GUSTO
bleeding and 30-day and 6-month
mortality.25 Among patients who ex-
perienced periprocedural bleeding,
there was a stepwise increase in the
risk of both short- and intermediate-
term mortality. The adjusted hazard
ratio [HR] for 30-day mortality was

1.3 for mild bleeding (95% confi-
dence interval [CI], 0.9-1.8), 3.7 for
moderate bleeding (95% CI, 2.8-4.9),
and 16.5 for severe bleeding (95% CI,
12.0-22.8). The adjusted HR for 6-
month mortality was 1.1 for mild
bleeding (95% CI, 0.9-1.4), 2.6 for
moderate bleeding (95% CI, 2.1-3.3),
and 10.5 for severe bleeding (95% CI,
8.0-13.7). Similarly, patients with
ACS undergoing a rapid invasive
strategy in the ACUITY trial who de-
veloped in-hospital ACUITY-defined
major bleeding experienced an in-
creased risk for 30-day mortality (ad-
justed odds ratio [OR] 7.55; 95% CI,
4.68-12.18).10

Registry data also corroborate the
increased risk associated with bleed-
ing. The study by Kinnaird and col-
leagues showed a stepwise increase
in the incidence of in-hospital death,
MI, repeat intervention, and major
adverse cardiac events as TIMI bleed-
ing severity worsened.19 After adjust-
ment, TIMI major bleeding and
transfusion were independently as-
sociated with an increased risk for in-
hospital death; transfusion of more
than 2 units of blood was indepen-
dently associated with an increased
risk for 1-year mortality. Data from
the NHLBI Dynamic Registries show
that access-site hematoma requiring
transfusion is independently associ-
ated with an increased risk for both
in-hospital mortality (adjusted HR
3.59; 95% CI, 1.66-7.77) and 1-year
mortality (adjusted HR 1.65; 95% CI,
1.01-2.70).20

Conventional wisdom suggests
that if bleeding is associated with in-
creased mortality and morbidity, the
use of blood transfusion would miti-
gate the risk. However, clinical data
suggest the opposite effect—the use
of blood transfusion is associated
with an increased risk for both mor-
tality and morbidity. In addition to
the data from the Kinnaird study
above, an analysis from the

REPLACE-2 trial of patients undergo-
ing either elective or urgent PCI
showed that blood transfusion was
associated with a marked increased
risk for 1-year mortality (adjusted OR
4.26; 95% CI, 2.25-8.08).26 The clini-
cal data, therefore, suggest that
transfusion does not mitigate the
risk for bleeding, and when used in-
discriminately may increase mortal-
ity. The mechanisms underlying this
association are unclear but likely re-
late to the inability of packed red
blood cells to improve tissue oxy-
genation. Unlike native hemoglobin,
the hemoglobin in stored blood is
depleted of 2,3-diphosphoglycerate,
which shifts the oxyhemoglobin dis-
sociation curve to the left; therefore,
stored blood does not readily release
oxygen.17 In addition, stored blood
is depleted of nitric oxide, which is
essential to oxygen exchange,27 and
blood transfusion has been shown to
be associated with increases in mark-
ers of inflammation.28

Of note, results from the previ-
ously described studies do not show
a causal relationship between bleed-
ing and mortality or morbidity. Al-
though it may be true that severe or
major bleeding may directly result in
death through exsanguination or in-
tracranial hemorrhage, or cause my-
ocardial ischemia through sudden
and profound ischemia, it is less ob-
vious why milder degrees of bleed-
ing, such as hematomas, would be
associated with adverse outcomes.
There is no reason to suspect causal-
ity between milder degrees of bleed-
ing and death. Instead, the associa-
tion may be explained by the actions
taken by caregivers when a patient
experiences a bleeding event. Specif-
ically, the initial reaction is to stop
or reverse antithrombin and an-
tiplatelet therapy, which may be ap-
propriate in the setting of hemor-
rhage. After the bleeding event has
resolved, these agents still may not
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be restarted, which may explain the
association between bleeding and
stent thrombosis seen in the ACUITY
trial.10 This is supported by data from
the Prospective Registry Evaluating
Myocardial Infarction: Events and
Recovery (PREMIER) that shows sig-
nificantly lower odds of aspirin and
clopidogrel prescription at discharge
and at 6 months after discharge
among patients with ACS who de-
velop bleeding while hospitalized.29

Strategies to Reduce Bleeding
Risk
As the data summarized above
show, PCI-related bleeding and trans-
fusion is common and is associated
with increased risk for mortality.
Therefore, reduction in bleeding risk
is a desirable goal for PCI practice and
can potentially improve survival and
increase patient comfort. Two strate-
gies that can be employed to reduce
bleeding risk during PCI are careful
femoral arterial access (or alternative
vascular access such as radial artery
access), modification of the an-
tithrombotic regimen, or both.

Because most hemorrhagic com-
plications in the PCI population are
related to vascular access, focusing
on appropriate techniques during
arteriotomy is important. Using the
femoral approach, the site of catheter

or sheath entry is the common
femoral artery. In most patients, the
common femoral artery bifurcates
below the middle third of the femoral
head. Simple fluoroscopy can be used
to identify the middle third of the
femoral head before obtaining vascu-
lar access (Figure 1).30 Then the mid-
point of the femoral head can be
marked using a hemostat, and the
skin incision can be made 1 to 2 cm
inferior to the hemostat to achieve ar-
teriotomy into the common femoral
artery in most cases. Sherev and col-
leagues examined 1570 left heart
catheterization procedures performed
via the femoral approach and found
that arteriotomy location in the com-
mon femoral artery above the bifur-
cation but below the inferior border
of the inferior epigastric artery was
associated with the lowest rate of
access-site complications (including
retroperitoneal hematoma) compared
with higher or lower arteriotomies.31

In addition to high or low arterial
punctures, the use of arteriotomy
closure devices is associated with in-
creases in vascular complications.32

Therefore, with the femoral approach,
using femoral head fluoroscopy to
increase the chances of appropriate
arteriotomy and avoiding routine use
of closure devices can reduce the risk
for bleeding.

Another strategy is to avoid the
femoral arteriotomy altogether by
performing PCI via the radial artery
approach. PCI using 6-French guiding
catheters (and 7-French or 8-French
catheters in selected patients) can be
performed safely and effectively via
the radial artery33 and dedicated ra-
dial artery access kits, diagnostic
catheters, and interventional equip-
ment are now available. Kiemeneij
and colleagues conducted a random-
ized trial in which 900 patients un-
dergoing balloon angioplasty were
randomly assigned to radial, brachial,
or femoral access.34 Although vascu-
lar access was successfully obtained
more often in the patients assigned to
the femoral or brachial approaches,
the incidence of procedure success
did not differ among the groups. The
radial approach had the lowest inci-
dence of vascular complications (0%),
compared with the brachial (2.3%) or
femoral (2.0%) groups. Mann and
colleagues performed a randomized
trial of radial versus femoral access in
142 patients with ACS undergoing
coronary stenting.35 The rate of pro-
cedure success was identical in both
arms (96%), but the rate of bleeding
complications was lower in the radial
access group (0% vs 4%; P � .01), as
was the length of hospital stay (1.4
days vs 2.3 days; P � .01), and total
hospital charges ($20,476 vs $23,389;
P � .01). A meta-analysis of 12 ran-
domized trials showed that the trans-
radial approach was associated with
an 80% decrease in vascular access
complications, although the proce-
dure failure rate was 3 times higher
than the femoral approach.36 These
data from randomized trials have
been corroborated by data from obser-
vational studies.37-41 Risks of the tran-
sradial approach include the inability
to obtain radial access, which occurs
in approximately 0.5% to 4.0% of pa-
tients35,40; longer procedure times and
operator radiation exposure42; radial

Radiographic
Landmark

Location Relative
to Femoral

Artery Bifurcation

Inguinal ligament

Middle femoral head

Inferior femoral head

Inguinal crease

Superior

100%

99%

80%

22%

Inferior

0%

1%

20%

78%

Figure 1. Radiographic landmarks during femoral arteriography and their position relative to the bifurcation of the
femoral artery. Inguinal crease identified by the use of radio-opaque marker at the time of arteriography. Reprinted
with permission from Garrett PD et al.30
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artery occlusion in 2% to 5% of pa-
tients43; and potentially increased risk
for stroke because of catheter ex-
changes in the ascending aorta.44

Besides vascular access techniques,
the choice of pharmacological agents
and careful dosing also play a role in
bleeding reduction. The mainstay of
antithrombin therapy during PCI is
unfractionated heparin.45 Although
there is little relationship between
activated clotting time (ACT) and is-
chemic outcomes, there appears to
be a relationship between higher
ACT values and bleeding complica-
tions when unfractionated heparin is
the antithrombin agent.46 If GP
IIb/IIIa inhibitors are not used, then
heparin dosing to achieve ACT val-
ues between 250 seconds and 300
seconds is recommended. However,
if GP IIb/IIIa inhibitors are used,
then the heparin dose should be low-
ered to achieve ACT values between
200 seconds and 250 seconds.45 Stud-
ies show that elderly and female
patients are more likely to be over-
dosed with unfractionated heparin,
low-molecular-weight heparin, and
GP IIb/IIIa inhibitors, which are
associated with increased bleeding
rates.47,48 For patients with chronic
kidney disease, dosage adjustment of
agents that are renally cleared, such
as enoxaparin and eptifibatide, is
necessary. These data strongly sug-
gest that careful dosing can signifi-
cantly lower bleeding risk among pa-
tients undergoing PCI and receiving
heparin and GP IIb/IIIa inhibitors.

Reducing bleeding risk has been
the focus of several large randomized
trials that have studied the newer an-
tithrombin agents in the setting of
PCI. Bivalirudin is a direct thrombin
inhibitor that has a half-life of 25
minutes, carries no risk of heparin-
induced thrombocytopenia, and has
an anticoagulant effect that is re-
flected by an increase in the ACT.
The REPLACE-2 trial studied the role

of bivalirudin in over 6000 patients
undergoing elective or urgent PCI.9

Patients were randomized in a dou-
ble-blind, double-dummy fashion to
receive either unfractionated heparin
with planned GP IIb/IIIa inhibitor or
bivalirudin with provisional use of
GP IIb/IIIa inhibitors, given for pro-
cedural complications. The primary
endpoint was a composite of 30-day
death, MI, urgent target vessel revas-
cularization, or major bleeding (see
Table 1 for definition). At 30 days,
the incidence of the primary end-
point was 10.0% for patients as-
signed to heparin plus GP IIb/IIIa in-
hibitors and 9.2% for patients
assigned to bivalirudin (P � .32),
which met the criteria for noninferi-
ority. The incidence of death, MI,
and urgent target vessel revascular-
ization was not significantly differ-
ent between the 2 arms, but the inci-
dence of major bleeding was
significantly lower for patients re-
ceiving bivalirudin (2.4% vs 4.1%;
P � .001). The ACUITY trial was con-
ducted to determine whether the
benefit of bivalirudin would extend
to patients with ACS.49 The ACUITY
trial randomized over 13,800 pa-
tients to 1 of 3 treatment arms: he-
parin (unfractionated heparin or
low-molecular-weight heparin) plus
GP IIb/IIIa inhibitor (arm A), bi-
valirudin plus GP IIb/IIIa inhibitor
(arm B), or bivalirudin alone (arm
C).50 There was a second randomiza-
tion among the GP IIb/IIIa inhibitor
arms in which the GP IIb/IIIa in-
hibitor could be given either at the
time of randomization or during
PCI. Invasive risk stratification had
to be performed within 72 hours of
randomization; the median time
from administration of trial medica-
tion to cardiac catheterization was
3.5 to 4.0 hours for all 3 treatment
arms. At 30 days, the incidence of
the primary composite endpoint of
death, MI, urgent target vessel

revascularization, and ACUITY-
defined major bleeding (see Table 1
for definition), also known as the
“net clinical composite endpoint,”
was 11.7% in arm A, 11.8% in arm B,
and 10.1% in arm C (P � .001). This
was driven by a significantly lower
rate of major bleeding among the
bivalirudin-treated patients (5.7%
arm A, 5.3% arm B, 3.0% arm C;
P � .001). Of the overall ACUITY trial
population, 56% underwent PCI dur-
ing hospitalization.50 Although the
trial was not specifically powered to
examine outcomes in this subgroup,
the findings paralleled those of the
overall trial with a significantly lower
rate of major bleeding among pa-
tients treated with bivalirudin, as
well as a trend toward improved
net clinical composite endpoint in
arm C. Together, the results of the
REPLACE-2 and ACUITY trials show
in low-risk and high-risk patients un-
dergoing PCI that bleeding reduction
can be achieved with bivalirudin
alone compared with a strategy that
employs GP IIb/IIIa inhibitors.

Another agent, enoxaparin, has
also been studied in the context of
bleeding reduction during PCI.
Although enoxaparin is usually ad-
ministered subcutaneously for the
treatment of non–ST-segment eleva-
tion ACS, an intravenous regimen,
assessed in smaller nonrandomized
studies, was associated with low rates
of bleeding complications.51-53 The
Safety and Efficacy of Enoxaparin in
Percutaneous Coronary Intervention
Patients, an International Random-
ized Evaluation (STEEPLE) trial ran-
domized 3528 patients undergoing
elective PCI to receive intravenous
enoxaparin 0.5 mg/kg, intravenous
enoxaparin 0.75 mg/kg, or unfrac-
tionated heparin, administered just
before the start of the PCI proce-
dure.12 The primary endpoint was
the occurrence of STEEPLE-defined
major or minor bleeding not related

RICMS0004(MedCo)_09-17.qxd  9/17/07  6:27 PM  Page S24



Bleeding and Transfusion in PCI

VOL. 8 SUPPL. 3  2007    REVIEWS IN CARDIOVASCULAR MEDICINE    S25

to coronary artery bypass surgery at
48 hours (see Table 1 for definition).
When compared with the heparin
arm, the primary endpoint was sig-
nificantly lower in the enoxaparin
0.5 mg/kg arm (5.9% vs 8.5%; P �

.01) and trended lower in the enoxa-
parin 0.75 mg/kg arm (6.5% vs 8.5%;
P = .051). The rate of nonfatal MI dur-
ing the first 30 days was lowest in the
enoxaparin 0.5 mg/kg arm compared
with the enoxaparin 0.75 mg/kg and
heparin arms (4.7% vs 6.1% vs 5.2%,
respectively). However, the rate of
death was highest in the enoxaparin
0.5 mg/kg arm (1.0% vs 0.2% vs
0.4%, respectively) prompting early
termination of enrollment into that
treatment arm. These data are diffi-
cult to put into a clinical context be-
cause although the rate of bleeding
and MI was lowest in the enoxaparin
0.5 mg/kg arm, the rate of death was
the highest at this dose level. This
may be a statistical anomaly or it
may be related to the dose itself.
Regardless, results from the STEEPLE
trial provide some support for a
reduction in PCI-related bleeding
complications with intravenous ad-
ministration of enoxaparin.

Conclusions
PCI is now widely used for the treat-
ment of coronary artery disease. De-
velopments in device technology
and pharmacotherapy have reduced
periprocedural ischemic complica-
tions; however, the risk for bleeding
and blood transfusion still remains.
Determining the incidence of PCI-
related bleeding is difficult because
of multiple definitions being used to
assess bleeding complications, differ-
ent antithrombotic agents used in
studies, and differing incidence be-
tween clinical trials and real-world
registries. Despite the lack of stan-
dardized definitions, the available
observational data suggest that all
degrees of bleeding are associated

with increased morbidity and mor-
tality. Studies also indicate that
blood transfusion does not correct
the risk associated with bleeding and
is itself independently associated
with increased mortality. Therefore,
bleeding reduction is an important
goal for interventionalist cardiolo-
gists. Strategies to reduce bleeding
risk include careful attention to vas-
cular access, use of transradial PCI,
appropriate dosing of unfractionated
and low-molecular-weight heparin
as well as GP IIb/IIIa inhibitors, and
use of newer antithrombin agents
such as bivalirudin. Because ischemic
complications are relatively rare
in the modern era of PCI, reducing
the risk of bleeding has the potential
to improve PCI-related outcomes
even further.
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Main Points
• Advances in pharmacotherapy and devices have decreased the risk of ischemic outcomes for patients undergoing per-

cutaneous coronary intervention (PCI).

• Bleeding complications are a major clinical concern for patients undergoing PCI.

• Determining the incidence of and risk factors for bleeding is complicated by the multiple systems used to classify
bleeding severity and report bleeding events.

• The reported incidence of bleeding events is influenced by whether the data comes from clinical trials or registries.

• Registry data suggest that risk of bleeding among patients undergoing PCI is higher in clinical practice than the inci-
dence observed in clinical trials.

• The possible association between PCI-related bleeding complications and myocardial infarction, stroke, or death is also
of concern.

• Reduction in bleeding risk may potentially improve survival and increase comfort for patients undergoing PCI.

• Careful vascular access, alternative radial artery access, and modified antithrombotic regimen may reduce bleeding
during PCI and improve patient outcomes.
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