Impact of bleeding complications on
outcomes after percutaneous
coronary interventions

Percutaneous coronary interventions (PCls) are central to the treatment of coronary artery disease, but
their invasive nature in conjunction with the use of anticoagulants makes bleeding complications an
important peri-procedural risk. Any amount of bleeding, including minor bleeding, that results from PCI
is associated with worse ischemic outcomes such as myocardial infarction, stent thrombosis and death.
Establishing the incidence of bleeding associated with PCl is challenging owing to the lack of consistency
in definitions used to define bleeding events and differences between clinical trial and registry data. The
factors that translate bleeding events into worse clinical outcomes are not fully understood, but likely
involve hypotension, tachycardia, reduced oxygen-carrying capacity and systemic inflammation. The use
of blood transfusions does not appear to mitigate this risk, but actually appears to be independently
associated with increased morbidity and mortality. A number of studies have demonstrated that alterations
in pharmacotherapy and procedural technique, such as radial artery access, can significantly reduce
bleeding rates and improve long-term patient outcomes, including mortality.
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Percutaneous coronary interventions (PCls) are
an important part of the treatment for acute
ischemic heart disease. Over the last several
years, improvements in techniques, instru-
mentation and anticoagulation strategies have
greatly reduced ischemic complications and
major adverse cardiac events associated with
PCI [1). With this has come a greater empha-
sis on understanding the impact of bleed-
ing that results from coronary interventions.
Previously underappreciated, it is now widely
recognized that there is a stepwise increase in
both short- and intermediate-term mortality
as bleeding severity worsens [2]. Bleeding has
now also become an integral part of evaluat-
ing new anticoagulants for use in the cardiac
catheterization laboratory.

Bleeding associated with PCI is known to
portend significant adverse events and increased
mortality 3-6]. However, fully understanding
the impact that bleeding has on outcomes pres-
ents a number of challenges. For example, there
is a lack of consistency among clinical defini-
tions used to define bleeding. Furthermore,
bleeding data collected from clinical trials dif-
fer from that collected from clinical registries
because of the nature of the data collections
and varying definitions used. Together, these
factors make it challenging to fully understand
the impact of bleeding on outcomes.
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A number of pharmacologic and procedural
strategies can be employed to reduce the risk of
bleeding associated with PCI. Many of these
have been studied and validated in prospective
clinical trials [7-9]. This article will discuss the
challenges of defining bleeding events in the
literature and review strategies to reduce bleed-
ing risk. In addition, the impact of bleeding
and transfusions on outcomes after PCI will be
discussed. Ideas for future study to better under-
stand the importance of PCl-related bleeding
will conclude this article.

Bleeding definitions used in PCI
trials & registries

One of the obstacles to fully understanding the
impact of bleeding after PCI is the inconsis-
tency in definitions used to define a bleeding
event. A number of definitions used to scale the
severity of bleeding events have been developed
and the reported bleeding rate incidence has
been shown to be highly dependent upon the
definitions used [10]. Steinhubl ez /. analyzed
bleeding data from 13 large trials evaluating
antithrombotic drugs in acute coronary syn-
drome (ACS) in over 178,000 patients. They
concluded that it is ‘undoubtedly true’ that
variations in definitions used to define major
bleeding have led to differences in reported
rates [11].
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B Bleeding definitions used in

clinical trials

Two commonly used definitions in the
past were the Thrombolysis In Myocardial
Infarction (TIMI) and Global Use of Strategies
to Open Occluded Arteries (GUSTO) bleed-
ing definitions (Tase 1) [12,13). The TIMI scale
uses decreases in hemoglobin or hematocrit and
intracranial hemorrhage to classify bleeding as
minimal, minor or major. The GUSTO scale
defines clinical events that stratify bleeding epi-
sodes into mild, moderate or severe. While some
studies have used either the GUSTO or TIMI
definition, others have used both, and yet others
have combined selected elements of both scales.
Furthermore, some studies have developed
their own criteria to define bleeding events,
such as in the Randomized Evaluation in PCI
Linking Angiomax to Reduced Clinical Events
IT (REPLACE-2), the Acute Catheterization
and Urgent Intervention Triage Strategy
(ACUITY), the Clopidogrel in Unstable
Angina to Prevent Recurrent Events (CURE),
and the Safety and Efficacy of Enoxaparin in
Percutaneous Coronary Intervention Patients
(STEEPLE) trials [78.14.15]. In the 13 tri-
als analyzed by Steinhubl, nine of them used
their own definitions, other than TIMI or
GUSTO [11).

Taste 2 provides a listing of some of the
bleeding definitions used in PCI clinical tri-
als and registries. This table illustrates the
wide spectrum of bleeding definitions used
and demonstrates why bleeding rates can
vary so widely based solely on the definitions

TIMI bleeding definitions [12]
Major

Intracranial hemorrhage

applied. Very broad definitions will capture a
larger number of bleeding events compared
with very narrow definitions and will lead to
a higher reported incidence of bleeding events.
Even within a single clinical trial, bleeding
rates may vary depending on the definitions
used. For instance, in the REPLACE-2 study,
bleeding episodes were reported using the
TIMI and REPLACE-2 definitions. This study
compared bivalirudin with provisional glyco-
protein (GP)IIb/IIIa inhibitor (GPI) versus
heparin with planned GPIIb/IIla in patients
undergoing elective or urgent PCI. When the
TIMI definitions are used, no difference in
TIMI major bleeding is noted between the
two arms (0.9 vs 0.6%; p = 0.30); however,
when the REPLACE-2 definitions are applied
there is significantly less major bleeding in the
bivalirudin group (4.1 vs 2.4%; p = <0.001) [7].

Another example of this is found in the
STEEPLE trial, comparing two different doses
of intravenous enoxaparin with unfractionated
heparin (UFH) in patients undergoing PCI.
Using the STEEPLE major bleeding defini-
tion, there is significantly more bleeding in
the UFH group than in either enoxaparin
group. If one uses the TIMI major bleeding
definition, there is no difference between any
of the groups. Furthermore, if one applies the
GUSTO moderate or severe definitions, there is
a difference in bleeding rates between the UFH
group and the low-dose enoxaparin group, but
no difference between the enoxaparin groups
or between the UFH group and high-dose

enoxaparin group [8].

>5 g/dl decrease in the hemoglobin concentration
>15% absolute decrease in hematocrit

Minor Observed blood loss:

>3 g/dl decrease in the hemoglobin concentration
>10% decrease in the hematocrit

No observed blood loss:

>4 g/dl decrease in the hemoglobin concentration
>12% decrease in the hematocrit

Minimal

Any clinically overt sign of hemorrhage associated with a <3 g/dl decrease

in the hemoglobin concentration or <9% decrease in the hematocrit

GUSTO bleeding definitions [13]

Severe or life-threatening Intracranial hemorrhage

Bleeding that causes hemodynamic compromise and requires intervention

Moderate Bleeding that requires blood transfusion but does not lead to
hemodynamic instability
Mild Bleeding that does not meet criteria for severe or moderate bleeding

GUSTO: Global Use of Strategies to Open Occluded Arteries,; TIMI: Thrombolysis In Myocardial Infarction.
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Table 2. Bleeding definitions used in percutaneous coronary intervention clinical trials and registries.

Trial Patient Agents Bleeding definition Ref.
population
Bleeding definitions used in PCl trials
EASY Transradial PCI-ACS  Clopidogrel + REPLACE-2 [19]
abciximab
TARGET PCl-elective Abciximab vs TIMI (53]
tirofiban
PCI-CURE PCI-ACS ASA + UFH/ CURE bleeding, major bleeding, life-threatening, fatal bleeding, [54]
LMWH = decrease in hemoglobin >5 g/d|, significant hypotension,
clopidogrel symptomatic intracranial bleeding, transfusion >4 units,
non-life-threatening, minor, any bleeding that led to
interruption of study medication, blood transfusion of 2 or
more units
Bivalirudin angioplasty PCI-ACS Bivalirudin vs ‘Major hemorrhage’, overt bleeding with a decrease in (38,55]
study heparin hemoglobin of >3 g/dl, need for transfusion, intracranial
hemorrhage, retroperitoneal bleeding
REPLACE-2 PCl-elective Bivalirudin + REPLACE-2 ‘major bleeding’, intracranial, intraocular or (7]
provisional retroperitoneal hemorrhage, clinically overt blood loss resulting
GPlib/llla in a decrease in hemoglobin >3 g/dl, any decrease in
inhibitor vs hemoglobin >4 g/dl, transfusion of >2 units PRBCs or
heparin + whole blood
planned GPlIb/llla
inhibitor
STEEPLE PCl-elective UFH vs Major bleeding, fatal bleeding, retroperitoneal, intracranial or 8]
enoxaparin intraocular bleeding, hemodynamic compromise requiring
0.5 mg/kg vs specific treatment, bleeding requiring surgical or
enoxaparin endoscopic intervention, clinically overt bleeding requiring
0.75 mg/kg >1 unit PRBC or a drop >3 g/dl, minor bleeding, gross
hematuria, prolonged epistaxis, gastrointestinal hemorrhage,
hemoptysis, subconjunctival hemorrhage, hematoma >5 cm or
causing hospitalization, overt bleeding with 2-3 g/dI
requiring protamine
ACUITY PCI-ACS UFH/LMWH + Major bleeding, intracranial or intraocular bleeding, access-site [14]
GPIIb/Illa hemorrhage requiring intervention, >5 cm diameter hematoma,
inhibitor vs drop in hemoglobin >4 g/dl without source, drop in hemoglobin
bivalirudin + >3 g/dl with source, reoperation for bleeding, use of any
GPlIb/Illa blood products
inhibitor vs
bivaluridin
EPIC PCl-elective Abciximab bolus ~ TIMI [56]
and ACS vs abciximab
bolus + infusion
vs placebo
EPILOG PCl-elective Abciximab/ TIMI [57]
standard dose
UFH vs
abciximab/
low-dose UFH
vs UFH
RESTORE PCI-ACS Tirofiban/UFH TIMI and major bleeding, decrease in hemoglobin >5 g/dl, 58]
vs UFH transfusion >2 units, associated with surgery, intracranial
bleeding, retroperitoneal bleeding
ESPRIT PCl-elective Eptifibatide/UFH  TIMI and GUSTO [59]
vs UFH
ACS: Acute coronary syndrome, ASA: Acetyl salicylic acid; GP: Glycoprotein; GUSTO: Global Use of Strategies to Open Occluded Arteries, iv.: Intravenous;
LMWH: Low-molecular-weight-heparin; PCl: Percutaneous coronary intervention, PRBC: Peripheral red blood cell; sc.: Subcutaneous, TIMI: Thrombolysis In
Myocardial Infarction; UFH: Unfractionated heparin.
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Trial

HELVETICA

Bleeding definitions used in PCl registries

Kinnard et al.
(2003)
Steinberg et al.
(2008)

Yan et al.
(2007)

NHLBI
Dynamic Registry

Global Registry

of Acute

Coronary Events
CathPCl Registry of
the National
Cardiovascular Data
Registry (not yet

in PubMed)

Patient Agents Bleeding definition Ref.
population
PCI-ACS iv./sc. hirudin vs  Major bleeding, overt bleeding and decrease in hemoglobin (60]
iv. hirudin vs UFH  >2 g/dI, or requiring transfusion of >2 units of whole blood or

packed cells, intracranial bleeding, retroperitoneal bleeding,

bleeding in major joint, minor bleeding, overt bleeding that did

not meet above criteria
10,974 patients who Variable TIMI, clinical bleeding, large hematoma >4 cm, gastrointestinal (17]
underwent PCI bleed, retroperitoneal bleed
1205 patients ASA + TIMI [61]
undergoing clopidogrel +
elective PCl at a UFH/GPIIb/Illa
single center or bivalirudin
4360 patients Variable Major bleeding, drop in hemoglobin >3 g/dl, blood transfusion (62]
undergoing PCl at a
single center
6656 patients Variable Access-site hematoma requiring transfusion, access-site (4]
undergoing PCl at hematoma requiring procedural or surgical intervention
multiple centers
24,045 patients Variable Major bleeding, life-threatening bleeding requiring >2 units (16]
with ACS blood, decrease in hematocrit >10%, death, intracranial bleed
302,152 patients Variable Transfusion, drop in hemoglobin >3 g/dI, hematoma, >10 cm

undergoing PCl

femoral access, >5 ¢cm brachial access, >2 c¢m radial access

ACS: Acute coronary syndrome; ASA: Acetyl salicylic acid; GP: Glycoprotein; GUSTO: Global Use of Strategies to Open Occluded Arteries, HgB: Hemoglobin,
iv.: Intravenous, LMWH: Low-molecular-weight heparin; NHLBI: National Heart, Lung, and Blood Institute, PCl: Percutaneous coronary intervention, PRBC: Peripheral
red blood cell; sc.: Subcutaneous; TIMI: Thrombolysis In Myocardial Infarction. UFH: Unfractionated heparin.
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B Bleeding definitions used in registries
Another confounder in delineating an accurate
rate of bleeding complications comes from the
variations in the source data. For example, clini-
cal trial data that report bleeding rates are very
different from registry data for several reasons.
First, registry data can more accurately represent
a ‘real world’ demographic of patients, and often
include patients with more comorbidities who are
often not candidates for clinical trials. Second,
the way in which bleeding events are captured
in clinical trials differs from how these events
are noted in registries. In clinical trials, patients
are often prospectively evaluated for bleeding
events by study coordinators or clinicians, while
bleeding events reported from registry data are
often found through retrospective chart review.
Owing to this difference in identifying bleed-
ings, the rate of bleedings in registries are usually
based on data elements that are readily identifi-
able from chart review such as transfusions or
surgical interventions [16]. Therefore, variation
in patient populations, data capture and defini-
tions all likely lead to differences in sensitivity
of detecting bleeding events.

Interv. Cardiol. (2009) 1(1)

Kinnard ez al. reported a three-hospital
registry experience on 10,974 patients under-
going PCI from 1991 to 2000 on the incidence
and predictors of bleeding after PCI. They
used the TIMI bleeding definition and noted
major bleeding in 5.4% and minor bleeding in
12.7%, with a blood transfusion given to 5.4%
of patients. The majority of bleeding events in
both the major and minor bleeding groups were
related to vascular access-site hematomas. They
also reported the independent risk factors for
bleeding, after adjustment for confounders:
age, procedural hypotension, intra-aortic bal-
loon pump use, chronic renal insufficiency,
systemic hypertension history, and the use
of abciximab, which were all independently
associated with in-hospital bleeding events [17].

The National Heart, Lung, and Blood
Institute (NHLBI) Dynamic Registry included
a cohort of 6656 patients undergoing PCI
enrolled at multiple centers, of which 97%
had femoral access. Access-site hematomas
requiring blood transfusions occurred in
1.8% of these patients. Older age, lower BMI,

female sex, history of renal, cerebrovascular,
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peripheral vascular or pulmonary disease, and
hypertension were significantly associated with
hemorrhage [4].

The Global Registry of Acute Coronary
Events (GRACE) analyzed data from
24,045 patients with ACS and found the over-
all major bleeding rate to be 3.9%. Right-heart
catheter and PCI were independently associated
with an increased risk of bleeding. Among the
patients in the registry who had PCI, female
sex, advanced age and renal insufficiency were
associated with increased bleeding risk. Among
all major bleeds recorded in this registry, nearly
a quarter (23.8%) of them were vascular access
site bleeds [16].

Data from over 300,000 patients undergoing
PCI from the National Cardiovascular Data
Registry have been used to develop a risk model
to predict the risk of in-hospital bleeding after
PCI. Bleeding was defined as transfusion, a drop
in hemoglobin greater than 3 g/dl, or an access-
site hematoma greater than 10, 5 or 2 cm in
the femoral, brachial or radial site, respectively
(Tasee 2). With this definition, the incidence of
bleeding was relatively low (2.5%). Significant
predictors of bleeding included female sex, age,
renal insufficiency, prior PCI, cardiogenic shock,
emergent/urgent PCI and chronic obstructive
pulmonary disease [18].

As outlined above, the reported incidence
of bleeding depends highly on several factors:
the data source (clinical trial vs registry), the
patients, concomitant medical and procedural
strategies (e.g., antithrombotic regimens, vas-
cular access site), and the bleeding definition
used. Despite these differences, there are some
consistencies across studies. In patients under-
going PCI, the primary site of bleeding is the
vascular access site. Older patients, females and
patients with renal insufficiency are consistently
identified as being at high risk for bleeding com-
plications. These data are valuable in determin-
ing strategies to reduce bleeding risk, as will be
discussed later.

Impact of bleeding on outcomes
A number of studies have now demonstrated
the association between bleeding complications
after PCI and adverse outcomes [2-4,6,7,17,19].
Specifically, adverse cardiac ischemic events and
death correlate in a stepwise fashion with the
severity of the bleeding complications in both
the short and intermediate term [2.17].

Data from Kinnaird and colleagues demon-
strated that bleeding after PCI was associated
with a longer hospital stay (8.9 vs 3.1 days;
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p < 0.001), and higher in-hospital and 1-year
mortality. The rates of in-hospital mortality for
major, minor and no bleeding were 7.5 versus 1.8
versus 0.6%; p < 0.001; and rates for 1-year mor-
tality were 17.2 versus 9.1 versus 5.5%, respec-
tively. Using multivariate regression analysis,
TIMI major bleeding after PCI was an indepen-
dent predictor of in-hospital mortality [17], but
was not associated with 1-year mortality. Blood
transfusion after PCI was associated with both
in-hospital and 1-year mortality. Similarly, Rao
et al. examined the relationship between in-hos-
pital GUSTO bleeding and 30-day and 6-month
mortality in 26,452 patients with ACS from four
large randomized control trials. Among patients
with periprocedural bleeding, there was a step-
wise increase in the risk of 30-day and 6-month
mortality. The adjusted hazard ratio (HR) for
30-day mortality was 1.3 for mild bleeding
(95% CI: 0.9-1.8), 3.7 for moderate bleeding
(95% CI: 2.8-4.9) and 16.5 for severe bleed-
ing (95% CI: 12.0-22.8). For 6-month mortal-
ity, the adjusted HR for mild bleeding was 1.1
(95% CI: 0.9-1.4), for moderate bleeding was
2.6 (95% CI: 2.1-3.3) and for severe bleeding
was 10.5 (95% CI: 8.0-13.7) [2].

This finding was corroborated by findings
from the NHLBI Dynamic Registry. Patients
experiencing access-site hematomas requiring
transfusion were nine-times more likely to die
within the hospital (1.2 vs 9.9%; OR: 9.32;
95% CI: 4.93-17.63) and 4.5-times more likely
to die within 1 year (4.7 vs 18.8%; HR: 4.46;
95% CI: 2.83-7.02) (4]. In the REPLACE-2 trial,
which compared UFH with planned GPIIb/I1Ia
to bivalirudin plus provisional GPIIb/IIIa, 3.2%
of the 6010 patients experienced major bleeding.
Mortality rates at 30 days, 6 months and 1 year
were all significantly higher in those with major
hemorrhage compared with those without.
Major bleeding was found to be an independent
predictor of 1-year mortality with an OR of 2.66
(95% CI: 1.44-4.92; p = 0.002) (5].

The Acute Catheterization and Urgent
Intervention Triage Strategy (ACUITY) trial
compared bivalirudin alone versus bivaliru-
din plus a GPI or heparin plus a GPIIb/IIIa in
the management of ACS [14]. Major bleeding,
according to the definitions defined for this study
and listed in Tasie 2, occurred in 644 patients
out of 13,819 (4.7%). An analysis on the impact
of major bleeding on 30-day clinical outcomes
and mortality from this trial are consistent with
other studies in showing a higher rate of 30-day
mortality in those with major bleeding versus
those without (7.3 vs 1.2%; p < 0.0001) [6].
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Furthermore, major bleeding was found to be
the strongest independent predictor of 30-day
mortality (OR: 7.55; 95% CI: 4.68-12.18;
p < 0.0001). Patients with major bleeding also
experienced higher rates of myocardial infarc-
tion (MI), unplanned revascularization, stent
thrombosis, thrombocytopenia and longer
lengths of hospital stay.

Analysis of the l-year mortality in the
ACUITY study population comparing those
with major bleeding to those without showed
higher rates of death at 1 year for those experi-
encing a major bleed. This was true across all age
stratifications but was most pronounced in the
oldest age group (>75 years) with 1-year mortal-
ity of 23.0% for those with a major bleed versus
7.9% for those without (p < 0.0001) [20].

A recently published risk model derived
from the ACUITY data also demonstrates the
increased mortality associated with major bleed-
ing [21). Using the 13,819 patients enrolled in
that trial, a multivariable Cox regression model
was developed to relate independent predic-
tors of l-year mortality. Both MIs occurring
after randomization and major bleeding were
independently associated with increased mor-
tality. While MI had a much higher impact
than bleeding on the mortality risk in the days
immediately after the event, that risk decreased
rapidly over time. Alternatively, the increased
risk of death from major bleeding or transfusions
did not significantly decline over time and was
associated with a higher risk of death at 30-days
and 1 year than ML

A comparison of fondaparinux versus enoxa-
parin in the treatment of ACS was performed
in the Organization to Assess Strategies for
Ischemic Syndromes (OASIS)-5 trial [22]. In
this study, a significant reduction in bleed-
ing was observed with fondaparinux, which
translated into a significant reduction in mor-
tality. This mortality benefit persisted until
the end of follow-up at 180 days (HR: 0.89;
95% CI: 0.80-1.00; p = 0.05).

The Early Discharge After Transradial
Stenting of Coronary Arteries (EASY) trial
enrolled 1348 patients undergoing transradial
stenting (19]. They found independent pre-
dictors of major bleeding (as defined by the
REPLACE-2 definition) to be creatinine clear-
ance of less than 60 ml/min, procedure duration
greater than 1 h, and sheath size greater than or
equal to 6 F. Those who had a major bleeding
event had higher 30-day (11 vs 0%; p < 0.001)
and 1-year (16 vs 0.6%; p < 0.001) mortality.
The composite end point of death, MI or target

Interv. Cardiol. (2009) 1(1)

vessel revascularization was higher in patients
with major bleeding at 30 days, 6 months and
1 year.

Taken together, all of these studies indicate a
strong, consistent, dose-dependent relationship
between bleeding complications after PCI and
short- and long-term adverse outcomes includ-
ing death, MI, target vessel revascularization,
stent thrombosis and stroke. While none of
these studies can prove causality between bleed-
ing and mortality, which is likely true only at
the extremes (i.e., intracranial hemorrhage or
severe bleeding), they do suggest that strategies
that reduce bleeding risk can improve outcomes

from PCI.

Potential mechanisms underlying

the association between bleeding

& outcomes

A number of hypotheses exist as to why bleed-
ing is associated with adverse events and mortal-
ity. The most obvious explanations involve the
hypovolemia, anemia, hypotension and dimin-
ished oxygen-carrying capacity that results from
acute blood loss. This, by itself, does not fully
explain the higher rates of ischemic complica-
tions in patients who bleed. In the ACUITY data
set, for example, there were nearly six-times as
many stent thromboses in those who bled [6].
These may arise from the early discontinuation
of antiplatelet or antithrombotic drugs after
bleeding is discovered. In addition, those with
major bleeding often have longer hospital stays
with more invasive procedures, as well as blood
transfusions, which can increase the chances of
an adverse outcome.

Another potential issue is the role of blood
transfusion. If bleeding correlates with an
increased risk of morbidity and mortality, one
might assume that the transfusion of blood
products would mitigate that risk. Studies indi-
cate that this is not the case [23.24]. In fact, the
transfusion of blood products in patients with
ACS or undergoing PCI is associated with
adverse outcomes. Rao and colleagues performed
a pooled analysis of 24,112 patients enrolled in
three large international clinical trials of ACS to
determine the association between transfusion
and 30-day mortality [24]. After adjustment for
confounders including the propensity to receive
blood, transfusion was associated with an
increased risk for both mortality and the com-
posite of death or MI with an adjusted HR of
3.94 (95% CI: 3.26—4.75; p < 0.001) for 30-day
death and 2.92 (95% CI: 2.55-3.35; p < 0.001)
for death or MI.

future science group



Impact of bleeding complications on outcomes after percutaneous coronary interventions

As mentioned above, blood transfusions were
also found to be an independent predictor of in-
hospital and 1-year mortality, regardless of bleed-
ing category (major, minor and none) in the study
published by Kinnaird ez a/. Specifically, for those
who experienced major bleeding, the in-hospital
mortality for those receiving a blood transfusion
was 10.6% compared with just 5.1% for those
with a major bleed not receiving a blood transfu-
sion. There was also a link between the number
of units transfused and 1-year mortality with the
OR of 1-year death being 1.47 per unit transfused
(95% CI: 1.36-1.55; p < 0.001) [17).

The reasons why blood transfusions correlate
to a higher risk of adverse outcomes are unclear.
A number of mechanisms have been proposed and
include shifts in the oxyhemoglobin dissociation
curve, increases in systemic inflammation [25,2¢],
and the lack of nitric oxide in packed red cells [27],
all of which lead to paradoxical decreases in tis-
sue oxygenation as transfusion is used to increase
hemoglobin. It should be noted that all data link-
ing transfusion to adverse outcomes in patients
with ischemic heart disease are retrospective and
subject to unmeasured confounding. However, the
consistency of the findings suggests that routine
use of transfusion is best avoided in patients under-
going PCI provided that they are not symptomatic
from anemia or actively bleeding. Perhaps more
telling is the fact that transfusion of blood does not
necessarily correlate with major clinical bleeding.
Blood transfusions have been shown to poorly cor-
relate with bleeding severity. In fact, many trans-
fusions are given to those with clinically mild or
no bleeds, while many with severe bleeding by
definition do not receive transfusions. Moscucci
and others have shown that perhaps up to 64%
of blood transfusions are given inappropriately,
according to current guidelines [28].

Strategies to reduce bleeding risk
B Pharmacologic strategies
Unfractionated heparin has traditionally been the
antithrombin of choice for PCI, with or without
the addition of a GPI. If a GPIIb/IIIa is used, the
target activated clotting time (ACT) is between
200 and 250 s. If no GPIIb/IIIa is used in con-
junction with UFH, the desired ACT during the
intervention is between 250 and 300 s [29]. ACT
above 350 s has not only been demonstrated to
increase the risk of bleeding, but also increase
ischemic complications such as MI, death and
revascularization [30].

Since UFH and drugs that are derived from
it are associated with platelet activation, the use

of a GPI during PCI reduces periprocedural
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ischemic complications compared with UFH
alone [31], especially in patients with ACS
undergoing PCI [321. However, this comes at
the expense of increased bleeding, mostly at the
vascular access site [33]. Indeed, the use of GPIs
has been shown to be an independent risk fac-
tor for developing vascular access-site bleeding
requiring a transfusion in several observational
studies [4,16].

One strategy to reduce, but not eliminate,
the increased risk of bleeding with the addi-
tion of a GPI to heparin is to dose both agents
appropriately. The magnitude of misdosing
of anticoagulants and antiplatelet agents has
been underscored by a report from the Can
Rapid Risk Stratification of Unstable Angina
Patients Suppress Adverse Outcomes with Early
Implementation of the ACC/AHA Guidelines
(CRUSADE) registry (34]. Elderly patients with
ACS were more likely to be overdosed with UFH,
low-molecular-weight heparin and GPI, which
was associated with a significant increase in the
risk of bleeding [34]. This issue is also true for
women with ACS, and up to 25% of the increased
risk of bleeding observed in females is attribut-
able to overdosing of antithrombotic agents [35].
Therefore, it secems reasonable that appropriate
dosing based on weight and renal clearance is an
important step to reducing bleeding risk.

Enoxaparin is an alternative to UFH that has
been studied for the management of ACS and
in PCI. When administered subcutaneously in
ACS patients undergoing an early invasive strat-
egy, enoxaparin was noninferior to UFH and
was associated with an increased risk for some
measures of bleeding (36]. Enoxaparin can also
be administered intravenously and has been
studied in the setting of elective PCI (s]. The
STEEPLE trial randomly assigned 3528 patients
to intravenous enoxaparin at 0.5 or 0.75 mg/kg,
or weight-adjusted UFH to be given at the ini-
tiation of the procedure. The primary outcome
was protocol-defined noncoronary artery bypass
grafting-related major bleeding occurring within
48 h (Tasie 2). This was lowest in the enoxaparin
0.5 mg/kg arm (5.9 vs 6.5% in the 0.75 mg/kg
arm vs 8.5% in the UFH arm; p = 0.051 for
comparison between the enoxaparin arms and
p = 0.01 for comparison between the 0.5 mg/kg
enoxaparin and UFH arms). MI was also lowest
in this arm; however, the mortality was higher,
leading to early discontinuation of enrollment
into the 0.5 mg/kg enoxaparin arm. Although
it appears that intravenous enoxaparin is asso-
ciated with less bleeding compared with UFH,
the inability to measure its effect at the bedside
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Individual end points

and the higher mortality rate in the low-dose
enoxaparin arm of STEEPLE have limited its
widespread acceptance for PCI [37].

Bivalirudin, a direct thrombin inhibitor, has
consistently been shown to reduce bleeding com-
plications compared with UFH or enoxaparin,
with or without GPI. The first trial with bivaliru-
din in PCI was the Bivalirudin Angioplasty Trial
(BAT), which used a higher dose than that cur-
rently used in clinical practice [38]. The BAT trial
randomly assigned 4312 patients with unstable
angina undergoing balloon angioplasty to either
bivalirudin or high-dose UFH. The rate of both
ischemic complications (7.9 vs 6.2%:; p = 0.039)
and major bleeding (9.3 vs 3.5%; p < 0.001) was
lower in the bivalirudin group [38].

Modern dosing of bivalirudin was evaluated
in the REPLACE-2 trial, which randomized
6010 patients undergoing elective or urgent
PCI 71 to UFH with planned GPIIb/IIla or
bivalirudin with provisional GPIIb/IIla. The
bivalirudin strategy was statistically noninferior
to the UFH plus GPI strategy with respect to the
primary end point of 30-day death, MI, target
vessel revascularization or major bleeding. There
was no difference in ischemic end points between
the two arms; there was, however, a 41% relative
reduction in major bleeding events in the bivali-
rudin group (2.4 vs 4.1%; p < 0.001). In this
study, the most common site of major bleeding
was the vascular access site, occurring with an
incidence of 2.5% in the heparin plus GPIIb/IIIa
group and 0.8% in the bivalirudin group.

The ACUITY study evaluated the role of
bivalirudin in moderate- or high-risk ACS [14]. In
the ACUITY trial, 13819 patients were assigned
to one of three anticoagulant strategies: UFH
or enoxaparin plus GPIIb/IIIa, bivalirudin plus
GPIIb/111a, or bivalirudin alone. The primary
end point was again a quadruple composite of
death, M1, urgent target vessel revascularization
and major bleeding. Bivalirudin monotherapy
was superior to either of the GPI arms with
respect to the quadruple composite end point,

UFH or enoxaparin plus Bivalirudin plus
GPllb/1lla (n = 4603 [%]) GPlIb/llla (n = 4604 [%])

Death from any cause 62 (1.3) 70 (1.5)
Myocardial infarction 227 (4.9) 229 (5.0)
Unplanned 105. (2.3) 123 (2.7)
revascularization

Major bleeding (not 262 (5.7) 243 (5.3)

related to CABG)

a difference that was driven by a substantial
reduction in major bleeding without any signifi-
cant differences among the other individual end
points at 30 days (Taste 3) [14].

The HORIZONS-AMI trial evaluated the use
of bivalirudin in 3602 patients with ST-segment
elevation MI undergoing primary PCI, compared
with UFH plus a GPIIb/IIIa. The primary end
points were major bleeding and a combined
adverse clinical event rate that included death,
reinfarction and target-vessel revascularization
for ischemia and stroke. At 30 days, there were
significantly fewer net adverse clinical events
in the bivalirudin group (9.2%) as compared
with the heparin plus GPIIb/IIIa group (12.1%;
p = 0.005). As seen in the ACUITY trial, there
were also large differences in the major bleeding
rates between the two groups, 4.9% for bivali-
rudin and 8.3% for heparin plus GPIIb/IIla
(p < 0.001). This translated into a significant
reduction in cardiovascular death for the bivali-
rudin group, as compared with the heparin plus
GPIIb/IIa group (1.8 vs 2.9%; p = 0.03) [39].

Performing percutaneous interventions with
only antiplatelet therapy and no anticoagulation
therapy has also been evaluated in the Coronary
Interventions Antiplatelet-based Only study [40).
This was a double-blind, randomized, prospective
study in 700 patients on aspirin and thienopyri-
dine undergoing elective PCI of an uncompli-
cated lesion assigned to receive unfractionated
heparin (70-100 Ul/kg) or no heparin (heparin-
ized flushes were allowed). No patients received
GPIIb/1IIa. Bleeding events were rare in both
groups, but were significantly reduced in the no-
heparin arm when using the STEEPLE defini-
tion (1.7 vs 0.0%; p = 0.048). Interestingly, there
were also no significant differences in the rates of
acute M1, urgent lesion revascularization or major
adverse cardiac events at 30 days, but the percent-
age of patients with postprocedural creatine kinase
isoenzyme elevations were significantly lower in
the no-heparin arm (1.7 vs 3.1%; p < 0.05). The
Coronary Interventions Antiplatelet-based Only

p-value Bivalirudin alone p-value
(n =4612 [%])

0.48 74 (1.6) 0.31

0.93 248 (5.4) 0.33

0.23 110 (2.4) 0.74

<0.001 139 (3.0) <0.001

ACUITY: Acute Catheterization and Urgent Intervention Triage Strategy, CABG: Coronary artery bypass graft, GP: Glycoprotein, UFH: Unfractionated heparin.
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(CIAO) trial suggests that uncomplicated PCI
in low-risk patients can be performed safely with
very little anticoagulation and aggressive anti-

platelet therapy, which can significantly reduce
the risk of bleeding,.

Procedural methods

Just as important to the reduction of bleeding
events is an understanding of ways to reduce
bleeding through appropriate vascular access
techniques. When using the femoral artery
approach, proper location of arterial puncture
and sheath insertion can significantly reduce
bleeding events, including retroperitoneal
hematomas. Arteriotomy in the common femo-
ral artery above the bifurcation, but below the
inferior epigastric artery, is associated with the
lowest bleeding rate [41]. The use of fluoroscopy
to identify the middle third of the femoral head
can help to puncture into the femoral artery at
the appropriate location [42.43]. Once access is
gained, the use of smaller sized sheaths (5 F) are
associated with reduced bleeding [44].

Changing access site altogether from the fem-
oral artery to the radial artery may be the single
most effective procedural method to reduce
bleeding. In a number of studies, transradial
PCI appears to be associated with lower rates of
bleeding, access site complications and trans-
fusions [44,45]. In the EASY trial, for example,
transradial PCI in a cohort of 1348 patients had
only 19 (1.4%) experience major bleeding [19].
This was in the setting of all patients receiv-
ing aspirin, clopidogrel, UFH at 70 U/kg and
abciximab. It is unclear how much further this
could be reduced if the radial approach is used
in conjuction with the substitution of an agent
such as bivalirudin for UFH plus GPIIb/IIIa. A
meta-analysis of 12 randomized trials showed
an 80% reduction in vascular access complica-
tions when using radial access, at the expense
of a lower procedural success rate [45]. This is
in contrast to a randomized trial by Mann and
colleagues comparing radial access to femoral
access in 142 patients with ACS [46]. As in the
meta-analysis, bleeding events in this study were
lower (0 vs 4%; p < 0.01) in the radial group;
however, procedural success was identical in
both groups. In another randomized study of
900 patients undergoing balloon angioplasty,
radial access was compared with both brachial
artery and femoral artery access [47]. The radial
approach had the lowest incidence of vascular
complications (0% radial, 2.3% brachial and
2.0% femoral) with no difference in procedural
success. Data from three combined provincial
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registries, including 32,822 patients in the
Mortality Benefit of Reduced Transfusion After
Percutaneous Coronary Intervention Via the
Arm or Leg (MORTAL) study, showed that the
radial approach was associated with lower rates of
transfusion and a significant reduction in 30-day
mortality (OR: 0.71; 95% CI: 0.61-0.82;
p < 0.001) and 1-year mortality (OR: 0.83;
95% CI: 0.71-0.98; p < 0.001) compared with
the femoral approach [48]. Challenges to adopt-
ing the radial approach include higher operator
radiation exposure, inability to obtain access,
arterial spasm in the radial and brachial arter-
ies that occasionally occurs, and the potential
for radial artery occlusion [46,49,50]. Despite the
benefits of transradial PCI, data from a large
registry demonstrate that the radial approach is
rarely used in the USA [s1].

Future perspective

Much research still needs to be done to fully
understand the factors that increase one’s risk
for bleeding and the mechanisms responsible for
translating that bleeding into worse outcomes.
Risk models for bleeding, such as that developed
from the National Cardiovascular Data Registry
(NCDR) and REPLACE-1 and 2 trials, should
continue to be refined and employed prior to
catheterization to identify those at highest risk
for bleeding [18;52). Interventional devices con-
tinue to evolve rapidly, and the emphasis should
be on developing technology that minimizes
bleeding risk, such as allowing for smaller arteri-
otomy size. Newer antithrombin and antiplate-
let drugs are currently being studied and hope
to provide better anticoagulation effect with
reduced bleeding risk. Lastly, a greater focus on
providing exposure to transradial PCI during
interventional training may lead to an expan-
sion in the use of the radial approach and lead
to greater reductions in postprocedure bleeding.

Conclusion

Percutaneous coronary interventions are com-
monly performed as the accepted practice for the
treatment of coronary artery disease. Owing to
its invasive nature in conjunction with the use of
antithrombotic and antiplatelet agents, bleeding
remains a major clinical concern. Differences in
definitions used to define bleeding events, and
the different rates observed in clinical trials ver-
sus retrospective registries, make this risk hard
to exactly delineate. Regardless, any amount of
bleeding is now known to portend significant
increases in the risk of ischemic complications
such as MI and stroke, as well as death.
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Understanding this association, and mini-
mizing the bleeding incidence, is central to
improving outcomes associated with coronary
interventions. Pharmacological strategies such
as appropriate dosing of UFH, or using bivaliru-
din, can significantly reduce bleeding risk. Given
that the majority of bleeding complications in
patients undergoing PCI are related to the vas-
cular access site, the use of the radial approach
is an important part of any strategy that seeks
to reduce periprocedual bleeding. Both clinical
trials and registry data demonstrate an associa-
tion between strategies that reduce bleeding risk
and improve survival.
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Executive summary
Definitions used for bleeding

Linking bleeding to outcomes

lessen the risk of bleeding.

reduce bleeding.
Conclusions

= Establishing the incidence of percutaneous coronary intervention (PCl)-related bleeding is difficult owing to differences in definitions
used to define bleeding events and reporting systems used to capture them.

= The mechanisms that underlie the adverse long- and short-term outcomes in patients who experience bleeding complications is not fully
understood but likely involves hypotension, tachycardia, myocardial ischemia and systemic inflammation.

Outcomes associated with bleeding

= Blood transfusions are independently associated with increased morbidity and mortality.

= Bleeding complications from PCl are associated with significant increases in ischemic complications and death.

Methods to reduce bleeding risk

= Alterations in pharmacotherapy, such as the use of bivalirudin in place of unfractionated heparin and/or GPlib/llla has been shown to

= Procedural strategies that employ careful vascular access, smaller sized catheters and the use of radial artery access have been shown to

= Reductions in PCl-related bleeding may lead to improved long-term outcomes and survival.
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