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Abstract

Aims: The causative relationship between major bleeding in acute coronary syndromes (ACS) and the
increase in mortality and morbidity has frequently been suggested in recent pharmaco-invasive trials and
registries. However, the magnitude of this increased risk is the subject of debate. In order to determine the
prognostic significance of major bleeding in ACS, we have conducted a systematic review and meta-analysis.
Methods and results: Databases were searched for articles published up to March 2007. Any study, either
retrospective or prospective, assessing the impact of major bleeding in patients with ACS was included if
all-cause mortality was reported as an outcome measure.

Data from 10 studies involving a total of 133,597 patients with ACS at baseline, of whom 3,644 had major
bleeding (2.7%) were included in a meta-analysis using a random-effects model. An overall pooled
relative risk (RR) mortality increase of 7.6 (95% Cl; 5.5-10.4) was found in patients with major bleeding.
Although most of the 95% confidence intervals (Cls) for the primary studies overlapped, some
heterogeneity was observed (Chi? for heterogeneity, P <0.0001), hence the need for the random-effects
meta-analysis. However, the overall effect was highly significant (Z=12.65; P <0.00001). Major bleeding
in ACS was also associated with a statistically significant increase in the secondary endpoints assessed
including acute myocardial infarction (AMI), and stroke.

Conclusions: This meta-analysis indicates that major bleeding in patients with ACS is a strong predictor of
in-hospital or 30-day death and AMI. The pooled estimates presented should alert clinicians and
interventionalists to the importance of prevention of major bleeding in patients hospitalised with ACS.
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Introduction

Acute coronary syndromes (ACS) are the leading causes of death
and cardiovascular morbidities in developed countries. As the use
of improved antithrombotic strategies continues to reduce the
incidence of ischaemic events rates in patients with ACS treated
either conservatively or with percutaneous coronary intervention
(PCI), bleeding is becoming the most common complication of
antithrombotic treatment!2. The causative relationship between
major bleeding in ACS and the increase in mortality and morbidity
has recently been suggested in several publications312. Indeed,
pharmacological and technological advances have decreased
ischaemic complications to the point that bleeding events have
possibly become a greater mortality risk for ACS patients than
ischaemic events. In keeping with this, major bleeding has now
become a primary target for further improvement in outcomes812.
As an early invasive strategy associated with aggressive
antithrombotic regimens seems to be accepted as the best option
for the treatment of ACS?13, it is increasingly important to quantify
the increased risk associated with potential bleeding to better
determine where to concentrate efforts to reduce mortality in daily
practice and future trials. Therefore we have conducted a
systematic review and meta-analysis to elucidate the prognostic
significance of major bleeding in ACS.

Methods

Study inclusion criteria

Any study, either retrospective or prospective, assessing the impact
of major bleeding in patients with ACS was included if: (i) Major
bleeding was assessed by means of specific or established
definitions (TIMI, GUSTO); (ii) In-hospital and/or 30-day follow-up
was ensured; (iii) The study reported all-cause mortality as an
outcome measure.

Outcome measures

The primary outcome was total mortality rate comparing patients
with ACS with or without major bleeding. Secondary outcomes
included non-fatal myocardial infarction and stroke.

Data sources

Relevant studies were identified by systematic searches of the
scientific literature for all reported observational studies of ACS and
major bleeding. The databases searched to find articles were
MEDLINE, Cochrane library and BioMedCentral. Experts in the field
were also contacted. The search was not restricted to English
language articles. The search strategy used both key words and the
MeSH term searches, and took the form of (acute coronary
syndromes or synonyms) and (bleeding or haemorrhage or
synonyms) and (mortality or prognosis or synonyms). To identify
additional studies reference lists of retrieved articles were inspected.

Study selection and data extraction

Based on careful study of the abstracts of identified articles,
studies were excluded if they were not relevant. Two reviewers (MH
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and EF) independently assessed studies to determine eligibility
and independently carried out data extraction using a standardised
form. Any discrepancy was resolved by consensus.

Criteria to assess quality

Unlike randomised controlled trials, no generally accepted list of
appropriate criteria for observational studies is available. Rather
than producing a simple arbitrary quality score, specific quality
aspects were used to assess the studies such as control of
confounding factors, minimisation of selection bias, definition used
for the diagnosis of major bleeding, the antithrombotic regimen
used, the year of publication, the study type and the sample size.

Data synthesis

All analyses were carried out using RevMan 4.2 software. Studies
were pooled using the DerSimonian and Laird random-effects
model. Heterogeneity between studies was analysed with Chi and
12 statistics. Statistical significance was set at the 0.05 level on the
basis of two-way Z-tests. Kappa statistic was calculated to
determine inter-observer agreement. Publication bias was assessed
graphically using Funnel plots.

Results
Description of studies

Of the 992 articles screened, 38 were considered in-depth for
inclusion, but 28 were excluded because they did not meet inclusion
criteria (Figure 1). Ten studies met all inclusion criteria and had
sufficient data available. Agreement between the two reviewers for
study eligibility was very high (Kappa=0.9). These studies had a total
sample size of 133,597 patients with ACS at baseline in 98% of
cases, of whom 3,644 had major bleeding (2.7%) (Table 1). Early
mortality (in-hospital or 30-day), the primary end-point of the present
meta-analysis, was clearly stated in all studies.

Quality assessment of included studies

Quality assessment criteria included the sample size, clear
definitions of major bleeding and of the cardiac events, the extent

992 potentially relevant
articles identified and
screened for retrieval

954 articles excluded
on the basis of the title
and abstract

Y

Y

38 articles retrieved for
more detailed evaluation

28 excluded according
to prespecified inclusion
and exclusion criteria

Y

10 studies included

Figure 1. Flow chart of the study selection process.
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Major bleeding in ACS

Table 1. Characteristics of included studies.

Study Patients Major bleeding Major bleeding Timing of endpoint Antithrombotic regimen
N (%) definition measure
Ali et al 2004 1,020 8.7 TIMI major definition: intracranial In-hospital Retrospective analysis
haemorrhage; a decrease in of a consecutive cohort of
haemoglobin of >5g/dL from patients treated by PCI
baseline; or bleeding associated with GPIIb/IIIa inhibitors
with any haemodynamic compromise
Eikelboom et al 34,146 1.4 Bleeding requiring transfusion 30-Day Combined individual patient
2006 2 2 units of packed cells, or data from OASIS registries
bleeding that was life threatening (ACS patients), OASIS 2
(fatal, intracranial, decrease in (randomised comparison
haemoglobin of at least 5 g/dL, of UFH and hirudin) and CURE
bleeding requiring intravenous (randomised comparison
inotropic agents, bleeding requiring of clopidogrel and placebo,
surgery) in addition to aspirin) trials
Feit et al 2006 6,010 3.3 REPLACE 2 definition: Intracranial, In-hospital Randomised comparison
intraocular or retroperitoneal of heparins+GPI and bivalirudin
haemorrhage; haemoglobin reduction alone
of 2 4g/dL or = 3g/dL with an overt
source; or blood product transfusion
of 22 units
Kinnaird et al 2003 10,974 6.5 TIMI major bleeding: haemorrhagic In-hospital Retrospective analysis
stroke, haematocrit decrease >15 of a consecutive cohort
points or by 10 to 15 with clinical of ACS patients with
bleeding (large haematoma, GI blood antithrombotic regimens
loss, retroperitoneal bleeding) not controlled
Lenderink et al 7,800 1.2 TIMI major definition In-hospital Gusto IV-ACS RCT comparing
2004 and 7-Day abciximab bolus and perfusion
(24h or 48h) to placebo
in ACS without early coronary
revascularisation
Manoukian et al 13,819 4.9 ACUITY definition: 30-Day ACUITY trial: Randomised
2007 intracranial or intra-ocular;access comparison of heparins (UFH or
site bleeding requiring intervention; LMWH)+GPI, bivalirudin+GPI
2 5-cm diameter haematoma; and bivalirudin alone
haemoglobin reduction of = 4g/dL or
>3g/dL with an overt source;
re-operation for bleeding; or blood
product transfusion
Moscucci et al 2003 24,045 3.6 Life-threatening bleeding requiring In-hospital Prospective international
transfusion of =2 Units of packed registry with antithrombotic
red blood cells, or resulting in an regimens not controlled
absolute decrease in haematocrit
of 210% or death, or
haemorrhagic/subdural haematoma
Rao et al 2005 26,452 1.6 GUSTO definition: severe or life- In-hospital Combined individual patient
threatening bleeding defined as data from GUSTO IIb (RCT of
intracranial haemorrhage or bleeding heparin and hirudin), Pursuit
that causes haemodynamic (RCT of eptifibatide and
compromise and requires placebo), Paragon A and B (RCT
intervention of lamifiban and placebo)
Segev et al 2005 5,842 1.4 Transfusion = 2 Units of packed red In-hospital NSTE-ACS registries conducted
cells, an absolute decrease in between 1999-2000 and 2002-
haematocrit =2 10%, or any bleeding 2003 in Canada with
directly resulting in death antithrombotic regimens not
controlled
Yusuf et al 2006 20,076 4.2 0ASIS 5 definition: clinically overt In-hospital 0ASIS 5 trial: Randomised

bleeding that is either fatal,
symptomatic intracranial,
retroperitoneal, intra-ocular, a

decrease in haemoglobin of at least
3.0 g/dL or requiring transfusion of

22 Units of red blood cells

and 30-Day

comparison of fondaparinux and
enoxaparin

- 402 -

EURO

PCR



of the follow-up, the adequacy of control for confounding factors,
and minimisation of selection bias (Table 2).

Sensitivity analysis

Follow-up for in-hospital or 30-day mortality was exhaustive.
A sensitivity analysis was carried out including only those studies
that were prospective including exclusively NSTE ACS patients with
major bleeding prespecified as an endpoint measure and with
antithrombotic regimens partly controlled by study protocol. The
increase in mortality rate estimated by this analysis including five
studies (RR, 6.7; 95% Cl, 4.8-9.3) and the analysis including all
10 studies (RR, 7.6; 95% Cl, 5.5-10.4) did not differ significantly.

Control of confounding factors

Assessing control of confounding factors was carried out
independently by two reviewers using prespecified criteria. These
criteria included age, gender, antithrombotic treatments, CHD risk
factors, history of previous MI and comorbidities. Control of
confounding factors was classified as poor if little or no attempt
was made to measure or control for known basic confounders
such as age and gender (Table 2). Adequate control considered at
least these basic confounders, and good control considered the
majority of the clinical variables previously mentioned. Reviewer
agreement was very good (Kappa=0.88). Control of confounding
factors was good in eight studies with adjusted estimates of the
mortality increase related to major bleeding provided in six studies.

Total mortality

A random-effects meta-analysis was carried out, and an overall
pooled RR mortality increase of 7.6 (95% Cl; 5.5-10.4) was found
(Figure 2). Although several of 95% Cls for the primary studies
overlapped, some heterogeneity was observed in prospective
studies (Chi2 for heterogeneity, P <0.0001), hence the need for
the random-effects meta-analysis. However, the overall effect was

Study Major bleeding No major bleeding
Deaths, No. /Patients, No.
Ali et al 2004 : 9/89 24/931
Eikelboom et al 2006 60/470 833/33676
Feit et al 2007 10/194 9/5807
Kinnaird et al 2003 44/588 54/8992
Lenderink et al 2004 18/98 120/7702
Manoukian et al 2007 471644 159/13175
Moscucci et al 2003 85/546 624/15348
Rao et al 2005 79/307 549/19110
Segev et al 2005 15/79 86/5763
Yusuf et al 2006 83/629 545/19449
450/3644 3003/129953

Total (95% CI)
Test for heterogeneity: Chi <85.44, df=9 (P<0.00001), 1<89.5%
Test for overall effect: Z=12.65 (P<0.00001)

Expert review

highly significant (Z=12.65; P<0.00001) and the results did not
differ when the analysis was limited to prospective or retrospective
studies. Funnel plots were created to compare the SE of the Log
OR with the Log OR, revealing possible publication bias. Larger,
more precise studies with smaller SEs tended to find smaller
impact in risk of mortality increase in patients with major bleeding
than did smaller studies with more deaths, and therefore larger
SEs (not shown).

Morbidity outcomes
ACUTE MYOCARDIAL INFARCTION

Seven studies presented information on myocardial infarction
occurrence during the hospital stay according to incidence of
major bleeding in patients with ACS (Figure 3). The pooled RR for
Ml was 2.9 (95% ClI; 2.3-3.8).

STROKE

Three studies presented information on stroke occurrence
(Figure 4) and the pooled RR was 4.9 (95% Cl; 3.5-6.8).

All aforementioned pooled RR estimates for morbidity outcomes
were highly significant (P<0.0001).

Discussion

This meta-analysis indicates that major bleeding in patients with
ACS is associated with a significantly worse prognosis. Previous
studies examining the prognostic impact of major bleeding in
patients with ACS have involved moderate to high numbers of
patients, but with low rate of outcome events leading to wide
confidence intervals in the point estimates provided. Our meta-
analysis clearly demonstrated that major bleeding is associated
with a significant increase in mortality (7.6-fold) and severe
complications such as myocardial infarction (3-fold), and stroke (5-
fold). These pooled estimates with narrow limits are important for
cardiologists and other clinicians working in intensive care units,
emergency departments or catheterisation laboratories. Indeed

RR (95% CI)
- 3.92[1.88, 8.18]
wr 5.16 [4.04, 6.601
33.26 [13.67, 80.92]
12.46 [8.44, 18.39]
11.79[7.49, 18.55]
- 6.05[4.41, 8.29]
- 3.83[3.10, 4.72]
- 8.96 [7.28, 11.02]
- 12.7217.71, 21.011
- 4.711[3.79, 5.85]

—_—
—=—
—

L J 7.60 [5.55, 10.40]

0.01 0.1 1 10 100

Lower mortality Higher mortality

RR (95% Cl)

Figure 2. Pooled relative risks of mortality increase in patients with ACS and major bleeding: random-effects meta-analysis of 10 studies.
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Major bleeding in ACS

Table 2. Quality assessment of included studies.

Stud Gender Age cgﬁp:;?‘h?: Independent predictors Minimisation
v (% male) yrs factors 9 of major bleeding of selection bias

Ali et al 2004 65.0 63.6 Poor Predictors of bleeding: Retrospective analysis of 93% of a consecutive

higher aPTT; age; PAD cohort of patients who received GPI and underwent
PCI between august 1997 and December 1999.
NSTE ACS patients represented 48% of the cohort.
Patients who underwent CABG during the same
hospitalisation were excluded as were the patients
who did not receive thienopyridine or aspirin.

Eikelboom et al 61.4 65.8 Good Independent predictors  Individual patient data from:

2006 of major bleeding: Age; - OASIS registries: consecutive patients with NSTE
systolic blood pressure; ACS from 12 countries
renal impairment - OASIS 2 trial: NSTE ACS patients randomised

within 12 hours of symptom onset to receive UFH
or Hirudin. Patients with contraindications to UFH
or Hirudin, with renal impairment or judged by
local investigator to be at high risk of bleeding
or with thrombocytopenia were excluded.

- Cure trial: NSTE ACS patients randomised within
24 hours of symptom onset to clopidogrel or
placebo in addition to aspirin. Patients at high risk
of bleeding, with a long-term oral anticoagulation,
or who underwent coronary revascularisation within
the previous 3 months were excluded.

Feit et al 2006 T4.4 63.0 Good Independent predictors ~ Whole cohort of patients from the Replace 2 trial.
of protocol major NSTE ACS represented 35% of the study population.
bleeding: randomisation  Excluded were patients with STEMI,poorly controlled
to heparin + GPIIb/IIIa  hypertension, unprotected left main trunk stenosis,
inhibitors; renal PCI within the prior month or planned staged PCI
impairment; female within the subsequent month, active internal
gender; age > 75 years bleeding or bleeding diathesis, surgery, trauma or

gastrointestinal or genitourinary tract bleeding
within 6 weeks, prior intracranial bleeding or
structural abnormality, platelet count < 100 10s/pL,
or renal insufficiency.

Patients were also excluded if they required ongoing
warfarin therapy or had been treated recently with
with unfractionated heparin, low-molecular weight
heparin, bivalirudin, abciximab, eptifibatide or
tirofiban.

Kinnaird et al 2003 66.2 65.8 Good TABP; procedural Retrospective analysis of 96% of a consecutive series
hypotension; Age; of patients who underwent PCI between 1991
Abciximab; renal and 2000. Patients with CABG during the same
insufficiency; systemic admission were excluded. 72% were patients with
hypertension ACS, 69% with NSTE ACS.

Lenderink et al 62.7 65.2 Poor Independent predictors Patients from Gusto IV-ACS trial: NSTE ACS patients

2004 of bleeding: Female with symptoms within the preceding 24 hours,
gender; age>70 years; with positive troponin and transient or persistent
renal impairment; St-segment depression. Excluded were patients
concomitant use of who underwent PCI the previous 14 days, with
LMWH planned revascularisation and patients at risk

of internal or cerebral bleeding.

Manoukian et al 60.7 65.5 Good Age;female gender; Patients from the ACUITY trial: moderate- and

2007 hypertension; high-risk NSTE ACS. Major exclusion criteria included
anaemia; renal acute ST-segment elevation MI or shock; bleeding
insufficiency; baseline diathesis or major bleed within 2 weeks;
ST-segment deviation thrombocytopenia; calculated creatinine clearance
>1mm; baseline cardiac  less than 30 ml/min; recent administration
biomarker elevation; of abciximab, warfarin, fondaparinux, thrombolytic
heparin+GPIIb/IIIa agents, bivalirudin or two or more doses of low
inhibitors molecular weight heparin; and allergy to study

drugs or iodinated contrast that could not be
pre-medicated.
- 404 -
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Table 2. Quality assessment of included studies. (continued)

Control of

Expert review

Gender Age 3 Independent predictors Minimisation
S (% male) yrs conffoundmg of major bleeding of selection bias
actors

Moscucci et al 2003 66.2 68.7 Good Age; female gender; renal Study population of the GRACE registry enrolled
impairment; history between April 1999 and September 2002 from 18
of bleeding; higher mean geographic locations. Patients with NSTE ACS
arterial BP; LMWH and/or represented 66% of the original ACS cohort.
GPIIb/IIIa inhibitors;

PCI; Right heart
catheterisation

Rao et al 2005 63.3 66.9 Good - NSTE ACS patients from 4 RCTs (Gusto IIb, Pursuit

and Paragon A and B). Only patients with complete
data on bleeding occurrence were included in this
analysis.

Segev et al 2005 61.7 70.5 Good Age; baseline creatinine;  NSTE ACS consecutive patients from the Canadian ACS
hypertension; previous registries I and II conducted between 1999-2000
stroke; in-hospital and 2002-2003 in 67 centres across 9 provinces.
catheterisation or CABG.  All patients with ACS were included if they were

> 18 years old, symptoms within 24 hours of onset,
and the qualifying ACS not deemed to be precipitated
by a significant comorbidity such as trauma or GI
bleeding.

Yusuf et al 2006 61.7 66.6 Good - NSTE ACS patients enrolled in OASIS 5 trial were

eligible if they present with symptoms of UA or MI
without persistent ST elevation and at least 2

of the following additional criteria: age >60 years,
troponin T or I or CK-MB above the upper limit

of normal or ECG changes compatible with ischaemia.
Excluded were patients with any contraindication

to LMWH, haemorrhagic stroke within the last

12 months, indication for anticoagulation other
than ACS, revascularisation procedure already
performed for the qualifying event, severe renal, age
<21,pregnancy, comorbid condition with

life expectancy <6 months.

early recognition of bleeding risk during ACS, is of critical
importance in attempting to limit, by preventative actions, its
deleterious effect on patient outcomes. Pre-procedural risk
assessment of bleeding complications is possible and should be
taken into account in defining risk versus benefit of an invasive
strategy (Table 3). It is not clear if major bleeding by itself explains
this mortality increase or if it does so indirectly by impacting renal

Study Major bleeding No major bleeding
Myocardial infarction, No. /Patients, No.
I 1
Eikelboom et al 2006 46/436 1375/33710
Feit et al 2007 3/194 354/5807
Kinnaird et al 2003 188/588 1079/8992
Manoukian et al 2007 94/644 610/13175
Rao et al 2005 100/306 1412/19110
Segev et al 2005 12/79 219/5763
Yusuf et al 2006 751629 700/19449
Total (95% Cl) 518/2876 5749/106006

Test for heterogeneity: Chi <47.33, df=6 (P<0.00001), I<87.3%
Test for overall effect: Z=8.14 (P<0.00001)

function, predisposing to myocardial ischaemia, affecting platelet
activation or increasing the need for subsequent blood transfusion
and therefore leading to inflammatory responses as recently
suggested!*15. However, transfusion is the strongest predictor of
length of in-hospital stay after PCI, and is demonstrated to be
associated with increased mortality in patients with underlying
coronary artery disease!®. Furthermore, bleeding and anaemia lead

RR (95% CI)

2.59 [1.96, 3.42]
0.25[0.08, 0.78]
2.66 [2.34, 3.04]
3.15 [2.58, 3.86]
4.42[3.74, 5.23]
4.00 [2.34, 6.84]
3.31[2.65, 4.15]

‘...*.Y..;.,F.;...J....

2.93[2.26, 3.80]

01 02 05 1 2 5 10

RR (95% CI)

Figure 3. Pooled relative risks of myocardial infarction increase in patients with ACS and major bleeding: random-effects meta-analysis of 7 studies.
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Major bleeding in ACS

Study Major bleeding No major bhleeding
Myocardial infarction, No. /Patients, No.
I
Eikelboom et al 2006 12/469 187/33677
Segev et al 2005 2/79 29/5763
Yusuf et al 2006 221629 136/19449
Total (95% ClI) 36/1177 352/58889

Test for heterogeneity: Chi <0.05, df=2 (P=0.97), 1<0%
Test for overall effect: Z=9.09 (P<0.00001)

RR (95% CI)
— 4.61[2.59, 8.20]
—_— > 5.03 [1.22, 20.72]
n 5.00 [3.21, 7.79]
2 4.86 [3.46, 6.84]
01 02 05 1 2 5 10

RR (95% CI)

Figure 4. Pooled relative risks of stroke increase in patients with ACS major bleeding: random-effects meta-analysis of 3 studies.

Table 3. Identifying and reducing risk factors for bleeding.

Identification of risk factors for bleeding in ACS patients

Patient related Procedural related

Female gender

Puncture site (femoral vs radial)

Treatment related

Over anticoagulation

Older Level of puncture (femoral access) Type of anticoagulation (antiXa, direct thrombin
Hypertension Larger arterial sheath inhibitor or LMWH and UFH)

Obesity Prolonged sheath time GP IIb/IIIa inhibitors

Low weight TABP placement Thrombolytic

Renal failure
Low platelet count, pre-existing anaemia
Medical history (GI disease)

Concomitant venous sheath

Need for repeat intervention

Reducing bleeding risk: preventative actions

Patient level Procedural level

Patient information (coughing, heavy Perfect puncture site

lifting to be avoided after femoral puncture) Angiographic control before closure

Nurse training for early recognition device use

of retroperitoneal haemorrhage

Use different access sites for staged

procedures

Alternative access site (Radial artery)

Treatment level

ACT during procedures for anticoagulation
monitoring

Discontinuation of antithrombin after
uncomplicated PCL

New antithrombotic agents

(Bivalirudin, fondaparinux)

Decrease size of arterial sheath

to discontinuation of aspirin and/or thienopyridines causing
ischaemic complications that may also explain the increased
morbidity and mortality. In the recently published paper of
Manoukian et al, major bleeding in moderate- and high-risk ACS
patients was also associated with the risk of stent thrombosis®.

As indicated by quality assessment of the studies included in the
present meta-analysis, antithrombotic regimens vary from one
study to another and can interact with the rate of major bleeding.
Sensitivity analyses show that the analysis restricted to prospective
studies with controlled antithrombotic regimen lead to the same
results of deleterious impact of major bleeding on patient
outcomes. Early invasive strategy can improve clinical outcome,
but major bleeding at the vascular access site is currently the most
common non-cardiac complication of therapy for patients with
coronary artery disease who underwent percutaneous coronary
intervention (PCI)1-2. Our results are in keeping with previous
studies which have indicated that patients who experience a major
bleed in the course of an acute coronary syndromes exhibit a

- 406 -
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much higher risk of death during the immediate weeks following
the event. The combination of antithrombotic therapies used in the
last two decades has substantially decreased the risk of a heart
attack after PCI procedures, but has also been associated with a
significant increase in bleeding risk. On the other hand, it must
also be acknowledged that the predictive factors for death during
the initial phase of ACS management largely overlap with the risks
factors for bleeding. Indeed the patients at highest risk of
ischaemic complications and therefore exposed to more aggressive
treatment strategies, including invasive strategies and
antithrombotic regimens, are also at the highest risk for bleeding.
Therefore, therapies or strategies that maintain the benefits of
currently available antithrombotic therapies, but lead to less
bleeding, are of great clinical importance. Risk factors that have
been demonstrated in large trials to be of importance are listed in
Table 3 according to patient factors, procedural factors and
treatment factors, and potential preventative measures are
suggested. From this perspective fondaparinux has demonstrated



efficacy in the treatment of non-ST elevation ACS, while
simultaneously reducing bleeding. Despite some controversy
related to the wide non-inferiority margin chosen in the ACUITY
trial, a bivalirudin-alone strategy also appears to be an acceptable
approach to the management of non ST elevation ACS in the
context of early invasive management and bleeding reduction!213-16,
The transradial approach is also a simple method which is able to
drastically reduce entry site complications and therefore a
substantial number of major bleeding events frequently occurring
at access sites!”.

Limitations of review

This review has a number of limitations. First, we are considering
observational data. Patients with ACS and major bleeding may well
differ from those without major bleeding in a number of ways
including their age, gender, risk factors and acute treatment that
they received because of the ACS. However the direction of these
potential confounding factors is not obvious. Some studies found
that the subsequent mortality risk with major bleeding was
restricted to elderly patients or female patients, while others
suggested that major bleeding is an independent and strong
predictor of mortality. The present meta-analysis was carried out
using crude estimates. Six studies also presented adjusted
outcome measures for total mortality using markedly different
adjustment methods to consider different covariates and were
measured in varying ways. Perhaps surprisingly however, results of
these six studies found only small differences between adjusted
and non-adjusted estimates. In fact, the RR increase appeared
sometimes greater after adjustment in some studies, suggesting
that our estimates may be conservative, and may slightly
underestimate the true risk increase associated with major
bleeding in patients with ACS.

Definitions used in recent trials differ from TIMI or GUSTO
definitions and are more sensitive. However the ability of these
more specifically designed major bleeding definitions (for ACS and
invasive strategies) to predict mortality constitutes a validation of
these definitions. Future trials should be consistent in defining
bleeding complications to objectively assess the rates of
haemorrhagic events using different antithrombotic regimens.

As with any systematic review, there is a possibility of publication
bias, as suggested, by the funnel plot (not shown). However,
exclusion of the smaller studies in a sensitivity analysis made
essentially no difference to the pooled RR.

Conclusions

Our findings contribute to the growing body of evidence of the
deleterious impact of major bleeding in ACS and because of the
evidence of superiority of early invasive strategy in ACS,
preprocedural risk assessment of bleeding should be routinely
performed in all patients with a diagnosis of ACS!8. Identification of
bleeding risk in ACS, which predicts mortality and serious adverse
events, should be taken into account when assessing the risk
benefit ratio of the procedure and promoting preventative actions
(as proposed in Table 3).

EURO

PCR

Expert review

References

1. Bavry AA, Kumbhani DJ, Rassi AN, Bhatt DL, Askari AT. Benefit of
early invasive therapy in acute coronary syndromes: a meta-analysis of
contemporary randomized trials. J Am Coll cardiol 2006;48:1319-25.

2. Rothman MT. Drug insight: bleeding after percutaneous coronary
intervention-risks, measures and impact of anticoagulant treatment
options. Nat Clin Pract Cardiovasc Med 2005;2:465-74.

3. Ali A, Hashem M, Rosman HS, Moser L, Rehan A, Davis T,
Romanelli M, Lalonde T, Yamasaki H, Barbish B, Michael J, Ali SA,
Schreider TL, Gardin JM. Glycoprotein Ilb/llla receptor antagonists and
risk of bleeding: A single-center experience in 1020 patients. J Clin
Pharmacol 2004:44:1328-1332.

4. Eikelboom JW, Shamir RM, Anand SS, Xie C, Kox KAA, Yusuf S.
Adverse impact of bleeding on prognosis in patients with acute coronary
syndromes. Circulation 2006;114:774-782.

5. Feit F. Optimizing the PCI process: How important is bleeding?
Acuity Series Webcast April 26, 2004 .http://www.tctmd.com/csportal/app-
manager/tctmd/main?_nfpb=true&_pagelabel=TCTMDContent&hdCon=
820814.

6. Kinnaird TD, Stabile E, Mintz G, lee CW, Canos DA, Gevokin N,
Pinnow EE, Kent KM, Pichard AD, Satler LF, Weissman NJ, Lindsay J,
Fuchs S. Incidence, predictors, and prognostic implications of bleeding
and blood transfusion following percutaneous coronary interventions. Am
J cardiol 2003; 92:930-935.

7. Lenderink T, Boersma E, Ruzyllo W, Widimsky P, Ohman M,
Armstrong PW, Wallentin L, Simoons ML. Bleeding events with abciximab
in acute coronary syndromes without early revascularization: An analysis
of GUSTO IV-ACS. Am Heart J 2004; 147:865-73.

8. Manoukian S, Feit F, Mehran R, Voeltz MD, Ebrahimi R, Hamon M,
Dangas GD, Lincoff M, White HD, Moses JW, King SB, Ohman EM, Stone GW.
Impact of major bleeding on 30-day mortality and clinical outcomes in
patients with acute coronary syndromes. An analysis from the ACUITY
trial. J Am Coll Cardiol 2007;49:1362-8.

9. Moscucci M, Fox KAA, Cannon CP, Klein W, Lopez-Sendon J,
Montalescot G, White K, Goldberg RJ. Predictors of major bleeding in
acute coronary syndromes: the global registry of acute coronary events
(GRACE). Eur Heart J 2003; 24: 1815-1823.

10. Rao SV, O'Grady K, Pieper KS, Granger CB, Newby LK, Van de Werf F,
Mahaffey KW, Califf RM, Harrington RA. Impact of bleeding severity on
clinical outcomes among patients with acute coronary syndromes. Am J
Cardiol 2005; 96: 1200-1206.

11. Segev A, Strauss BH, Tan M, Constance C, Langer A, Goodman SG.
Predictors and 1-year outcome of major bleeding in patients with non-ST-
elevation acute coronary syndromes: insigths from the canadian acute
coronary syndromes registries. Am heart J 2005; 150:690-4.

12. Yusuf S, Mehta SR, Chrolavicius S, Afzal R, Pogue J, Granger CB,
Budaj A, Peters RJ, Bassand JP, Wallentin L, Joyner C, Fox KA.
Comparison of fondaparinux and enoxaparin in acute coronary syn-
dromes. N Engl J Med 2006; 354:1464-76.

13. Stone GW, Mc Laurin BT, Cox DA, Bertrand ME, Lincoff AM, Moses JW,
White HD, Pocock S, Ware JH, Fiet F, Colombo A, Aylward PE, Cequier AR,
Darius H, Desmet W, Ebrahimi R, Hamon M, Rasmussen LH, Rupprecht HJ,
Hoekstra J, Mehran R, Ohman EM. Bivalirudin for patients with acute
coronary syndromes. N Engl J Med. 2006;355:2203-16.

14. Rao SV, Jollis JG, Harrington RA, Granger CB, Newby LK,
Armstrong PW, Moliterno DJ, Lindblad L, Pieper K, Topol EJ, Stamler JS,
Califf RM. Relationship of blood transfusion and clinical outcomes in
patients with acute coronary syndromes. JAMA 2004,;292:1555-62.

- 407 -



Major bleeding in ACS

15. Kirtane Aj, Piazza G, Murphy SA, Budiu D, Morrow DA, Cohen DJ,
Peterson E, Lakkis N, Hermann HC, Palabrica TM, Gibson CM. Correlates
of bleeding events among moderate- to high-risk patients undergoing per-
cutaneous intervention and treated with eptifibatide. Observations from
the Protect-TIMI-30 trial. J Am Coll cardiol 2006; 47:2374-9.

16. Rao SV, Eikelboom JA, Granger CB, Harrington RA, Califf RM,
Bassand JP. Bleeding and blood transfusion issues in patients with non-
ST-segment elevation acute coronary syndromes. Eur Heart J 2007;28:
1193-1204.

- 408 -

EURO

17. Agostini P, Biondi-Zoccai GGL, De Benedictis LD, Rigattieri S, Turri M,
Anselmi M, Vassanelli C, Zardini P, Louvard Y, Hamon M. Radial versus
femoral approach for percutaneous coronary diagnostic and interventional
procedures. Systematic overview and meta-analysis of randomized trials.
J Am Coll Cardiol 2004;44:349-56.

18. Nikolsky E, Mehran R, Dangas G, Fahy M, Na Y, Pocock SJ, Lincoff AM,
Stone GW. Development and validation of a prognostic risk score for major
bleeding in patients undergoing percutaneous coronary intervention via
the femoral approach. Eur Heart J 2007; in press.



