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ANTICOAGULATION IN THE CATH LAB

Bleeding as a Predictor 
of Mortality Risk
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The increased rate of bleeding during and after cardiac procedures is a concern. The
best strategy is prevention of bleeding complications with anticoagulant therapy that
provides an adequate anti-thrombotic effect while reducing bleeding. The independent
relationship between bleeding and blood transfusion and mortality among patients
with coronary artery disease is reviewed. Findings suggest that in the modern era of
percutaneous coronary intervention, prevention of bleeding should be a goal of ther-
apy, which can be achieved while preserving the low rate of ischemic complications.
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Outcomes after percutaneous coronary intervention (PCI) have markedly
improved over the past decade. This is due to the simultaneous evolu-
tion of periprocedural pharmacology and interventional devices. The

latter has allowed for shorter procedure times and durable results, whereas the
former has allowed for safer procedures and a reduction in major adverse
cardiac events (MACE). With this combination of drugs (unfractionated and
low-molecular-weight heparin, glycoprotein (GP) IIb/IIIa inhibitors, clopidogrel)
and devices (low-profile balloons, stents, drug-eluting stents), the combined rate
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of unsuccessful PCI, periprocedural
myocardial infarction, and death is
less than 1%.1 The improvement in
these traditional “efficacy” measures
has been counterbalanced by an ex-
pected increase in the rate of bleed-
ing.2,3 Recent data suggest that in the
current era of PCI, achieving efficacy
at the expense of safety (ie, bleeding)
actually leads to increases in mortal-
ity.4-6 Treatment of bleeding compli-
cations with blood transfusion also
appears to put patients at risk.7 The
best strategy, therefore, is prevention
of bleeding complications with anti-
coagulant therapy that provides an
adequate anti-thrombotic effect
while reducing bleeding. This sec-
tion reviews the data supporting an
independent relationship between
bleeding and blood transfusion and
mortality among patients with coro-
nary artery disease. 

Contribution of 
Bleeding Complications 
to Mortality Risk
It is now accepted that thrombin
plays a central role in the generation
of thrombus and activation of
platelets.8 Inhibition of thrombin,
therefore, is paramount during PCI
where there is injury to the coronary
vessel wall and nidus for thrombus
formation. During the early days of
coronary angioplasty, high-dose
unfractionated heparin was the ex-
tent of procedural anticoagulation.9

Although never supported by ran-
domized trials, several observational
studies found an inverse relationship
between the activated clotting time
(ACT) and the probability of ischemic
complications.10,11 Despite this, the
rate of acute ischemic complications
from balloon angioplasty was 5% to
9%.2 The development of low profile
angioplasty balloons and coronary
stents shortened procedure times and
the introduction of GP IIb/IIIa
inhibitors and thienopyridines

further reduced ischemic complica-
tions.2,3,12,13 Although this occurred at
the expense of an increase in both
minor and major bleeding complica-
tions,2,14,15 GP IIb/IIIa inhibitors were
widely adopted into clinical practice.
However, as the outcomes from PCI
improved, the use of GP IIb/IIIa
inhibitors (which required 12 to 
18 hours of infusion postprocedure)
and the associated bleeding began to
undergo scrutiny. A series of studies
examined the association between
bleeding and mortality in patients
undergoing PCI and those with acute
coronary syndromes. Their findings
suggest that in the modern era of PCI,
prevention of bleeding should be a
goal of therapy, which can be
achieved while preserving the low
rate of ischemic complications.

One of the first studies to examine
the relationship between bleeding and
adverse clinical outcomes was a multi-
center observational study that retro-
spectively analyzed 10,974 PCI proce-
dures and 3 centers.6 The rate of any
bleeding complication was 19.1%,
with most patients experiencing
minor bleeding (mostly groin
hematomas). The rate of major bleed-
ing (defined as either intracranial he-
morrhage or bleeding resulting in a
hemoglobin decrease of at least 5 g/dL)
was 5.4%, and the rate of transfusion
was 5.4%. Compared with patients
who did not experience a bleeding
event, there was a stepwise increase in
the incidence of death and MACE as
bleeding severity increased (death:
no bleeding 0.6%, minor bleeding
1.8%, major bleeding 7.5%, P � .001;
MACE: no bleeding 0.6%, minor
bleeding 2.2%, major bleeding 6.6%,
P � .001). After adjustment for differ-

ences in patient characteristics, major
bleeding was associated with an odds
ratio of 3.5 for in-hospital mortality.
Similarly, in the Randomized Evalua-
tion in PCI Linking Angiomax to Re-
duced Clinical Events (REPLACE-2)
trial comparing bivalirudin with un-
fractionated heparin plus GP IIb/IIIa
inhibitors in patients undergoing PCI,
the occurrence of bleeding was associ-
ated with an adjusted odds ratio of
3.53 for 1-year mortality.16 This rela-
tionship was stronger than the rela-
tionship between in-hospital MI and
1-year mortality.

These data are corroborated by 2
other studies that examined patients
with acute coronary syndromes,
many of whom underwent cardiac
catheterization with subsequent PCI.
Moscucci and colleagues reported on

predictors and outcome of major
bleeding from 24,045 patients en-
rolled in the Global Registry of Acute
Coronary Events (GRACE).5 “Major
bleeding” in this study was defined as
life-threatening bleeding requiring
transfusion of 2 units or more of
packed red cells, or leading to an ab-
solute hematocrit decrease of 10% or
greater, or subdural hematoma. The
overall incidence of major bleeding
was 3.9%. Among patients with un-
stable angina and non–ST-segment
elevation MI, they found that ad-
vanced age, female gender, renal
insufficiency, anticoagulant medica-
tions, and procedures were associated
with major bleeding, and that major
bleeding was associated with an ad-
justed odds ratio of 1.64 for in-hospi-
tal death. Rao and colleagues4 exam-
ined longer-term outcomes in the
ACS population by analyzing 24,112
patients enrolled in 3 international

Recent data suggest that in the current era of percutaneous coronary inter-
vention, achieving efficacy at the expense of safety (ie, bleeding) actually
leads to increases in mortality.
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clinical trials (Figure 1). Bleeding was
defined as severe (either intracranial
hemorrhage or bleeding resulting in
hypotension), moderate (bleeding re-
sulting in blood transfusion), or mild
(clinical bleeding that does not qual-
ify as moderate or severe). After using
a statistical technique known as
“time-dependent modeling” that
minimizes bias by including only
those outcomes that occurred after
the bleeding event and adjusting for
differences in patient baseline char-
acteristics, they found a stepwise
increase in the hazard of 30-day
death (mild bleeding, 1.6 [1.3-1.9];
moderate bleeding, 2.7 [2.3-3.4]; se-
vere bleeding, 10.6 [8.3-13.6]) that
persisted at 6 months. The results
were similar among patients under-
going coronary artery bypass grafting
and those who experienced peripro-
cedural bleeding.

These studies collectively demon-
strate a consistent, strong relation-
ship between bleeding and short-
and long-term mortality. A gradient
of risk exists so that worse bleeding is
associated with a higher risk for
short- and long-term mortality. These

studies also underscore the concept
that in the modern era of PCI where
there is a relatively low rate of is-
chemic complications, a pharmaco-
logic strategy that reduces bleeding
complications can potentially im-
pact long-term outcomes.

The Negative Impact 
of Unfractionated Heparin 
and Glycoprotein 
IIb/IIIa Inhibitors
As mentioned previously, thrombin
inhibition is the cornerstone of ther-
apy for patients with ACS and PCI.
This has been conventionally ad-
dressed with unfractionated heparin
(UFH). Although early studies indi-
cated that a greater degree of antico-
agulation with UFH was associated
with a lower incidence of ischemic
complications, a larger study17 found
that doses of UFH large enough to
increase the activated clotting time

(ACT) to greater than 350 seconds
was not only associated with in-
creased bleeding, but also a higher
incidence of death, MI, or revascular-
ization after PCI. The reasons for this
paradox (theoretically higher ACT
being associated with a higher inci-
dence of ischemic complications) are
not clear, but are likely due to the
fact that UFH is an indirect anti-
thrombin. That is, as higher doses of
UFH are used, it is likely that more
and more thrombin is generated and
ultimately the actions of thrombin
(platelet activation, fibrinogen gen-
eration, etc.) overcome the therapeu-
tic effects of UFH. In addition to
higher rates of ischemic events, ACT
values higher than 350 seconds were
also associated with a higher rate of
bleeding complications, suggesting
that there is an optimal dose of UFH
needed to achieve the balance be-
tween thrombosis and hemostasis.

As PCI evolved further, focus
shifted from thrombin inhibition to
platelet inhibition to further improve
outcomes. The GP IIb/IIIa receptor

on the platelet surface functions to
bind fibrinogen and von Willebrand
factor to form platelet aggregates,
and is an ideal therapeutic target for
anticoagulation. The introduction of
GP IIb/IIIa inhibitors on the back-
ground of UFH improved ischemic
outcomes but was associated with
markedly higher rates of bleeding
compared to UFH alone.2 In the
EPIC trial that compared UFH plus
abciximab bolus, UFH plus abcix-
imab bolus and infusion, and UFH
alone, the rate of major bleeding was
14% in the group that received UFH
plus abciximab bolus and infusion

Bleeding and Mortality Risk continued
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The reasons that higher activated clotting times are associated with a higher
incidence of ischemic complications are not clear, but are likely due to the
fact that unfractionated heparin is an indirect antithrombin.

Figure 1. Association between bleeding severity and 30-day mortality among patients with acute coronary syn-
dromes. Reprinted from Rao SV et al 4 with permission from Excerpta Medica, Inc.
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compared with 7% in the group that
received UFH alone. Given that com-
bination therapy with GP IIb/IIIa
inhibitors and UFH targets both
thrombin and the platelet, a higher
bleeding rate would be expected. To
address this issue, retrospective
analyses found that lowering the
UFH dose when GP IIb/IIIa inhibitors
are used can reduce the incidence of
bleeding.17,18 Later studies comparing
UFH with the combination of UFH
and GP IIb/IIIa inhibitors used lower
doses of UFH and found lower rates
of major and minor bleeding.12 It ap-
pears that the optimal ACT when
using the combination of UFH and
GP IIb/IIIa inhibitors during PCI is
between 200 and 250 seconds.19

Although the previous ACT ranges
are consistent with published guide-
lines on antithrombotic therapy dur-
ing PCI,19 it is much more difficult to
achieve the optimal level of anti-
coagulation in clinical practice. In the
Efficacy and Safety of Subcutaneous
Enoxaparin in Non-Q-Wave Coro-
nary Events (ESSENCE) study of sub-
cutaneous enoxaparin compared with
UFH for patients with non–ST-
segment elevation ACS, 25% of pa-
tients were supratherapeutic and 15%
were subtherapeutic on UFH after 4
days of therapy despite close moni-
toring.20 Suboptimal UFH dosing
(whether sub- or supratherapeutic) is
associated with either an increase in
recurrent cardiovascular events or in-
creased bleeding in the ACS popula-
tion.21 A recent analysis of 30,136
ACS patients at 387 hospitals found
that 42% of patients received exces-
sive dosing of either UFH or enoxa-
parin and 26.8% received excessive
dosing of GP IIb/IIIa inhibitors.22

Patients who received higher than
recommended doses of UFH or
enoxaparin and GP IIb/IIIa inhibitors
had a markedly higher adjusted rate
of in-hospital bleeding. These data
suggest that despite knowledge of op-

timal heparin dosing, achieving ap-
propriate levels of thrombin inhibi-
tion in practice can be challenging.

For patients undergoing PCI, sev-
eral studies have compared UFH with
bivalirudin, a direct thrombin in-
hibitor, and found a lower rate of
bleeding with equivalent rates of
ischemic complications. In the
Bivalirudin Angioplasty Trial, 4312
patients with unstable angina under-
going balloon angioplasty were ran-
domized to receive bivalirudin or
weight-adjusted UFH.23 The rate of
ischemic complications was lower
in the group assigned to bivalirudin
(7.9% vs 6.2%, P � .039) as was the
rate of major bleeding (9.3% vs 3.5%,
P � .001). Subsequent smaller trials
comparing UFH with bivalirudin
that included either planned or pro-
visional use of GP IIb/IIIa inhibitors
confirmed the lower rate of both is-
chemic and hemorrhagic complica-
tions in patients who received bi-
valirudin during coronary
stenting.24,25 In the REPLACE-2 Trial,
6010 patients undergoing either
elective or urgent PCI were random-
ized to UFH plus planned GP IIb/IIIa
inhibitor or bivalirudin with provi-
sional GP IIb/IIIa inhibitor (for
bailout purposes).26 The trial was sta-
tistically powered to demonstrate
the non-inferiority of bivalirudin
with respect to the combined end-
point of death, MI, target vessel
revascularization, or bleeding. The
rate of the 30-day quadruple end-
point was statistically similar be-
tween the 2 arms (10.0% vs 9.2%,
P � .32), thereby demonstrating the
non-inferiority of bivalirudin. In
terms of ischemic endpoints (death,
MI, or target vessel revasculariza-
tion), the rate was statistically similar
between the 2 groups (6.2% vs 7.0%,
P � .44). The rate of bleeding was
significantly lower in the bivalirudin
arm (4.1% vs 2.4%, P � .008). The
use of a specific GP IIb/IIIa inhibitor,

either abciximab or eptifibatide, was
prespecified before randomization. A
total of 1343 patients received abcix-
imab plus UFH and 1658 patients re-
ceived eptifibatide plus UFH. Both of
these groups had similar rates of
ischemic endpoints compared with
bivalirudin but had a higher rate of
bleeding compared with bivalirudin
(Table 1).27

There are several conclusions that
can be drawn from the previous data.
First, judicious dosing of UFH during
PCI is necessary to reduce the inci-
dence of bleeding. Second, the dose
of UFH should be reduced even fur-
ther if GP IIb/IIIa inhibitors are being
used. Third, judicious dosing is diffi-
cult to achieve in clinical practice
and a large proportion of patients are
dosed excessively with UFH and GP
IIb/IIIa inhibitors. This excessive dos-
ing is associated with a marked in-
crease in the incidence of in-hospital
bleeding. Finally, the use of bi-
valirudin during PCI appears to pro-
vide anticoagulation equal to UFH
plus GP IIb/IIIa inhibitors while si-
multaneously reducing bleeding
complications.

Association Between Blood
Transfusion and Mortality
One reason the focus of PCI pharma-
cology has been on reducing ischemic
complications at the expense of in-
creasing bleeding is the ready avail-
ability of a therapy for bleeding—
blood transfusion. Transfusion is one
of the most common procedures per-
formed, with over 12 million units of
blood administered to 3.5 million pa-
tients annually.28 The use of blood de-
clined briefly during the early 1980s
due to concerns over the transmission
of bloodborne pathogens (eg, human
immunodeficiency virus), but im-
proved screening methods dramati-
cally reduced the risk of viral infec-
tion.29 Although the risk of viral
transmission is now relatively low, it
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is now becoming apparent that there
are other risks associated with trans-
fusion that may increase adverse
cardiovascular outcomes.

Intuitively, raising the hemoglo-
bin via transfusion should increase
oxygen delivery, but studies show
that measures of tissue oxygenation
either decrease or do not change.30-32

Alterations in erythrocyte nitric
oxide biology in stored blood may be
a partial explanation for this phe-
nomenon. Nitric oxide (NO) is a gas
that plays a central role in oxygen
exchange.33 Packed red cells are de-
pleted of NO, and therefore may func-
tion as NO “sinks,” promoting vaso-
constriction, platelet aggregation, and
ineffective oxygen delivery.34 Packed
red cells also have high oxygen affin-
ity that further impairs oxygen deliv-
ery to hypoxic tissues35 and can in-
crease levels of inflammatory markers
that are associated with exacerbation
of myocardial ischemia.36

Two recent non-randomized stud-
ies have found an association be-

tween the liberal use of blood trans-
fusion in patients with acute is-
chemic heart disease and increased
mortality. Wu and colleagues37 ex-
amined outcomes after transfusion
among 78,974 Medicare beneficiaries
with acute myocardial infarction. In
logistic regression analysis, transfu-
sion was associated with lower 30-
day mortality among patients with
an admission hematocrit concentra-
tion between 5% and 33%, but it was
associated with a nonsignificant
increase in mortality among patients
with a baseline hematocrit greater
than 33%. Rao and colleagues7 ex-
amined the association between
blood transfusion and mortality
among 24,111 patients with non-ST
segment elevation ACS and found
that transfusion increased mortality
when administered for a nadir hema-
tocrit above 25% (Table 2). These
data are further supported by an
analysis of patients undergoing PCI
in the REPLACE-2 Trial. Manoukian
and colleagues38 found that patients

who received an in-hospital blood
transfusion after PCI were at 4 to 5
times higher risk for 1-year mortality.

The largest randomized trial39

comparing aggressive and conserva-
tive transfusion strategies included
838 critically ill patients with a he-
moglobin concentration less than
9.0 g/dL within 72 hours of admis-
sion to the ICU. By an intention-to-
treat analysis, there was no difference
in 30-day all-cause mortality be-
tween the groups, but 30-day mortal-
ity was significantly higher with the
liberal strategy of transfusion in pa-
tients who were younger than age 55
or had an Acute Physiology And
Chronic Health Evaluation (APACHE)
II score of less than 20. There also
were significantly more MIs and cases
of pulmonary edema with the liberal
transfusion strategy. 

In summary, blood transfusion
does not lead to improvements in
tissue oxygenation due to its lack of
nitric oxide, high oxygen affinity,
and potential effect on markers of
inflammation. Both observational
and randomized clinical data suggest
that liberal use of transfusion is asso-
ciated with increases in mortality
among patients with coronary artery
disease; therefore, the routine use of
blood transfusion should be avoided.
Because bleeding complications are a
major driver of transfusion in the
peri-PCI setting, the prevention of
bleeding can play a fundamental
role in the prevention of blood
transfusion.

Conclusions
The evolution of PCI devices and
pharmacology has led to a shift in
the goal of therapy. In the past, the
focus was on the reduction of is-
chemic complications, even if that
meant an increase in bleeding. In the
current era of PCI where ischemic
complications are relatively low,
bleeding complications remain an

Bleeding and Mortality Risk continued
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Table 1
Rates of Ischemic Endpoints and Bleeding Complications 

With Unfractionated Heparin and Either Abciximab or Eptifibatide 
Compared With Bivalirudin and Provisional Abciximab 

or Eptifibatide in the REPLACE-2 Trial

Rate of Death, MI, or Total Valve Replacement (%)

Treatment Rate P Value

Heparin � abciximab 7.0 NS

Bivalirudin � prov. abciximab 8.5

Heparin � eptifibatide 7.1 NS

Bivalirudin � prov. eptifibatide 7.0

Rate of Major Bleeding (%)

Heparin � abciximab 4.0 .025

Bivalirudin � prov. abciximab 2.5

Heparin � eptifibatide 4.1 .002

Bivalirudin � prov. eptifibatide 2.2

REPLACE, Randomized Evaluation in PCI Linking Angiomax to reduced Clinical Events; MI, myocardial
infarction; prov, provisional. Adapted from Voeltz MD et al.27
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issue. Several studies demonstrate a
strong consistent association be-
tween bleeding and blood transfu-
sion and short- and long-term mor-
tality. One strategy that can reduce
bleeding is to reduce the dose of UFH
during PCI, especially when GP
IIb/IIIa inhibitors are used, but the
registry indicates that both UFH and
GP IIb/IIIa inhibitors are often dosed
excessively in clinical practice. An-
other strategy is to use the direct
thrombin inhibitor bivalirudin as
the anticoagulant during PCI. Ran-
domized clinical trial data demon-
strate that bivalirudin provides an
adequate anticoagulant effect while
reducing bleeding complications.
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Main Points
• Compared with patients who did not experience a bleeding event, there was a stepwise increase in the incidence of

death and major adverse cardiac events as bleeding severity increased.

• Studies collectively demonstrate a consistent, strong relationship between bleeding and short- and long-term mortality.

• It appears that the optimal activated clotting time when using the combination of unfractionated heparin and
glycoprotein inhibitors during percutaneous coronary intervention is between 200 and 250 seconds.

• Two recent non-randomized studies have found an association between the liberal use of blood transfusion in patients
with acute ischemic heart disease and increased mortality.

• Studies underscore the concept that in the modern era, where there is a relatively low rate of ischemic complications,
a pharmacologic strategy that reduces bleeding complications can potentially impact long-term outcomes.
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