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Aims To evaluate the associations of myocardial infarction (MI) and major bleeding with 1-year mortality. Both MI and
major bleeding predict 1-year mortality in patients presenting with acute coronary syndrome (ACS). However,
the risk of each of these events on the magnitude and timing of mortality has not been well studied.

Methods
and Results

A multivariable Cox regression model was developed relating 13 independent baseline predictors to 1-year mortality
for 13 819 patients with moderate and high-risk ACS enrolled in the Acute Catheterization and Urgent Intervention
Triage strategy trial. After adjustment for baseline predictors, Cox models with major bleeding and recurrent MI as
time-updated covariates estimated the effect of these events on mortality hazard over time. Within 30 days of ran-
domization, 705 patients (5.1%) had an MI, 645 (4.7%) had a major bleed; 524 (3.8%) died within a year. The occur-
rence of an MI was associated with a hazard ratio of 3.1 compared with patients not yet having an MI, after adjustment
for baseline predictors. However, MI within 30 days markedly increased the mortality risk for the first 2 days after the
event (adjusted hazard ratio of 17.6), but this risk declined rapidly post-infarct (hazard ratio of 1.4 beyond 1 month
after the MI event). In contrast, major bleeding had a prolonged association with mortality risk (hazard ratio of 3.5)
which remained fairly steady over time throughout 1 year.

Conclusion After accounting for baseline predictors of mortality, major bleeds and MI have similar overall strength of association
with mortality in the first year after ACS. MI is correlated with a dramatic increase in short-term risk, whereas major
bleeding correlates with a more prolonged mortality risk.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Acute coronary syndrome † Myocardial infarction † Mortality † Bleeding † Transfusion

Introduction
Current anti-thrombotic therapy coupled with an early invasive
strategy has reduced the incidence of recurrent ischaemic events

and death in patients with acute coronary syndromes (ACS).1– 3

However, this strategy also increases the likelihood of
bleeding complications, especially in subsets of patients at
increased risk.4 –7
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Bleeding complications have been associated with a significant
increase in mortality in patients with ACS treated with an invasive
strategy.7 – 11 A recent analysis of the Acute Catheterization and
Urgent Intervention Triage strategy (ACUITY) trial showed that
both major bleeding and myocardial infarction (MI) were indepen-
dent predictors of 30-day mortality. With follow-up now complete
to 1 year,12 we sought to construct a model to evaluate the associ-
ations of major bleeding and MI with the incidence and timing of
mortality in the 13 819 patients enrolled in the ACUITY trial pre-
senting with moderate and high-risk ACS, undergoing an early inva-
sive management strategy.

Methods

Study design
The design and primary results of the ACUITY trial have been pub-
lished.12–14 Briefly, 13 819 patients with moderate and high-risk ACS
were randomly assigned in an open-label fashion equally to one of
three anti-thrombotic regimens starting immediately after randomiz-
ation: a heparin (unfractionated or enoxaparin) plus a glycoprotein
IIb/IIIa inhibitor (GPI) or bivalirudin plus a GPI or bivalirudin monother-
apy, in which GPI administration was permitted only for limited pre-
specified indications. Unfractionated heparin was administered as an
intravenous bolus of 60 IU/kg plus an infusion of 12 IU/kg/h to
achieve an activated partial thromboplastin time of 50–75 s before
angiography and an activated clotting time of 200–250 s for patients
undergoing percutaneous coronary intervention (PCI). Enoxaparin
1 mg/kg was administered subcutaneously twice daily prior to angio-
graphy. An intravenous bolus of an additional 0.3 mg/kg was adminis-
tered before PCI if the most recent subcutaneous dose had been
given .8 h earlier, or an intravenous bolus of an additional 0.75 mg/
kg was administered before PCI if the most recent subcutaneous
dose had been given .16 h earlier. Bivalirudin was begun before
angiography, with an intravenous bolus of 0.1 mg/kg and an infusion
of 0.25 mg/kg/h. Before PCI, an additional intravenous bolus of
0.5 mg/kg was administered, and the infusion was increased to
1.75 mg/kg/h.

Patients assigned to a GPI arm were randomized again in a 2 � 2 fac-
torial design to either upstream GPI initiation in all patients immedi-
ately after randomization or deferred GPI initiation for selective use
in PCI patients only, starting in the catheterization laboratory. As per
Food and Drug Administration approved labelling, either eptifibatide
or tirofiban was permitted for upstream use and either eptifibatide
or abciximab was permitted for deferred selective use. Dosages of
all GPI were as per the package insert and were adjusted for renal
impairment.

Coronary angiography was required within 72 h of randomization
with subsequent triage to PCI, coronary artery bypass graft surgery
(CABG), or medical management as per standard of care. Aspirin
(300–325 mg orally or 250–500 mg intravenously) was administered
prior to angiography. Dosage and timing of clopidogrel were at the dis-
cretion of the investigators, but, in patients undergoing PCI, the proto-
col required 300 mg of clopidogrel in all cases no later than 2 h
following PCI. Clopidogrel 75 mg daily was recommended for 1 year
in all patients after PCI and aspirin 75–325 mg daily indefinitely. Trans-
fusion of blood product was performed at the investigators’ discretion
for clinical indications. The study was approved by the institutional
review board or Ethics Committee at each participating centre, and
all patients signed written informed consent.

Endpoints
The ACUITY trial was powered for three primary 30 day endpoints:
(i) composite ischaemia, defined as death from any cause, non-fatal
MI, or unplanned revascularization for ischaemia; (ii) major bleeding
(non-CABG related), defined as intracranial or intraocular bleeding,
access site haemorrhage requiring intervention, �5 cm diameter
haematoma, reduction in haemoglobin of �4 g/dL without or
�3 g/dL with an overt bleeding source, reoperation for bleeding,
or blood product transfusion; and (iii) net clinical adverse
outcome (composite ischaemia or major bleeding). The definition
of MI took into consideration the presence or absence of
non-ST-elevation MI at baseline, its time of occurrence, and its
association with PCI, CABG, or medical treatment. In patients
with unstable angina (without non-ST-elevation MI) before angiogra-
phy or in a medical treatment, MI was defined as any elevation of
troponin or creatinine phosphokinase-MB (CPK-MB) (or CPK)
greater than the upper limits of normal (ULN). In patients with
non-ST-elevation MI before angiography or in a medical treatment,
the diagnosis of MI required: (i) recurrent chest pain lasting
�30 min or new electrocardiographic changes consistent with MI,
and the next troponin or CPK-MB (or CPK) level measured �8–
12 h after the event be elevated by at least 50% above the previous
level if the peak troponin or CPK-MB (or CPK) had not yet been
reached, (ii) a new elevation of troponin or CPK-MB (or CPK)
.ULN if the troponin, CPK-MB or CPK level had returned to
,ULN, (iii) a rise by .50% above the previous nadir level if the tro-
ponin or CPK-MB (or CPK) level had not returned to ,ULN. In
patients treated with PCI, MI was defined as: (i) any CPK-MB (or
CPK) �3 � ULN within 24 h after PCI that was also increased at
least 50% over the most recent pre-PCI levels, or new, significant
(�0.04 s) Q waves in two or more contiguous electrocardiographic
leads with CPK-MB (or CPK) .ULN if the elevated CPK-MB or
CPK levels were falling or normal, (ii) recurrent chest pain
�30 min or new electrocardiographic changes consistent with a
second MI and the next CPK-MB (or CPK level) measured �8–
12 h after the event is elevated by at least 50% above the previous
level or new, significant (�0.04 s) Q waves in two or more contig-
uous electrocardiographic leads if the patients had non-ST-elevation
MI at baseline but the peak CPK-MB (or CPK) had not yet been
reached. In patients treated with CABG, MI was defined as any
CPK-MB (or CPK) �10 � ULN within 24 h of CABG and increased
at least 50% over the most recent pre-CABG levels, or any CPK-MB
(or CPK) �5 � ULN within 24 h of CABG and increased at least
50% over the most recent pre-CABG levels and new, significant
(�0.04 s) Q waves in two or more contiguous electrocardiographic
leads. Definitions for the other components of the composite
ischaemia endpoint have been detailed previously.14 All primary
and secondary endpoints were adjudicated by a blinded Clinical
Events Committee.

Statistical methods
Univariate associations of known baseline predictors and randomized
treatment with 1-year mortality were assessed by x2 tests for categori-
cal variables and by two-sample t-tests for continuous variables. A mul-
tivariable Cox proportional hazards model with time to death within
1 year as the outcome was used to express how the baseline variables
simultaneously predicted mortality.

The model’s goodness of fit was assessed by calculating the risk
score for every patient and categorizing these scores into five cat-
egories from low risk to very high risk (i.e. bottom 50, 50–75, 75–
85, 85–95, and top 5%). The actual observed percentage dying in
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each category was compared with the expected percentage dying, the
latter being the sum of the individual predicted probabilities from the
Cox model.

To investigate the associations of MI and major bleeding with the
incidence and timing of mortality, Cox models were fitted with each
adverse event as a time-updated binary covariate that enters the
Cox model from the day of the event (MI or major bleed).15 A few
patients had repeat MIs or repeat major bleeds, but our models only
include the first of each. These models were fitted both without and
with adjustment for the baseline predictor variables. In order to

estimate the time-dependent risk on mortality of major bleeding and
MI, the Cox models were extended to have different time-updated
binary covariates for different time intervals, i.e. days 0–1, days 2–7,
days 8–30, and 31 or more days post-event. That is, after each
event there are four time-updated binary covariates which are included
for these four separately specified time intervals.

All analyses were carried out using STATA version 9.2. All signifi-
cance levels are two-sided. The authors had full access to the data
and take responsibility for its integrity. All authors have read and
agree to the manuscript as written.
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Table 1 Univariate associations of baseline variables with death within 1 year, recurrent MI, and major bleed
within 30 days

Total Death Recurrent MI Major bleed

n (%) P-value n (%) P-value n (%) P-value

Total 13 819 524 (3.8) — 705 (5.1) — 645 (4.7) —

Age (years)

Mean (SD) 62.6 (11.7) 70.8 (10.9) ,0.001 64.3 (11.3) ,0.001 67.6 (11.6) ,0.001

White blood cell count (�1000/L)

Mean (SD) 8.5 (3.0) 9.9 (4.3) ,0.001 8.8 (3.4) 0.016 9.2 (3.6) ,0.001

Diabetes

None 9857 301 (3.1) 498 (5.1) – 418 (4.2) –

Non-ID diabetes 2617 126 (4.8) ,0.001 130 (5.0) 0.83 141 (5.4) 0.013

ID diabetes 1193 92 (7.7) ,0.001 71 (6.0) 0.19 79 (6.6) ,0.001

ST-deviationa 4825 270 (5.6) ,0.001 301 (6.2) ,0.001 290 (6.0) ,0.001

Left bundle branch block 423 46 (10.9) ,0.001 12 (2.8) 0.037 33 (7.8) 0.002

Gender

Female 4157 152 (3.7) 199 (4.8) — 318 (7.6) —

Male 9662 372 (3.9) 0.60 506 (5.2) 0.28 327 (3.4) ,0.001

Planned treatment

Medical treatment 4273 134 (3.1) 40 (0.9) — 113 (2.6) —

PCI 7754 245 (3.2) 0.96 483 (6.2) ,0.001 460 (5.9) ,0.001

CABG 1647 124 (7.5) ,0.001 181 (11.0) ,0.001 64 (3.9) 0.012

Cerebrovascular event 803 67 (8.3) ,0.001 54 (6.7) 0.034 66 (8.2) ,0.001

Creatinine clearance (mL/min)

Mean (SD) 92 (42) 72 (38) ,0.001 86 (36) ,0.001 77 (36) ,0.001

Haemoglobin (g/dL)

Mean (SD) 14.0 (1.6) 13.4 (1.9) ,0.001 14.0 (1.7) 0.57 13.3 (2.0) ,0.001

Elevated CKMB/troponins 7552 347 (4.6) ,0.001 464 (6.1) ,0.001 414 (5.5) ,0.001

Current smoker 3943 125 (3.2) 0.028 203 (5.1) 0.90 157 (4.0) 0.017

Previous MI 4222 189 (4.5) 0.001 239 (5.7) 0.041 185 (4.4) 0.24

Treatment

Hep/EnoxþGPIIb/IIIa 4603 178 (3.9) — 228 (5.0) — 262 (5.7) —

BivalþGPIIb/IIIa 4604 176 (3.8) 0.93 229 (5.0) 0.93 243 (5.3) 0.41

Bival alone 4612 170 (3.7) 0.67 248 (5.4) 0.34 140 (3.0) ,0.001

There were missing values for the following variables: white blood cells (n ¼ 826), diabetic status (n ¼ 152), ST-deviation (n ¼ 15), left bundle branch block (n ¼ 695), planned
treatment (n ¼ 145), cerebrovascular event (n ¼ 192), creatinine clearance (n ¼ 880), haemoglobin (n ¼ 787), cardiac enzymes (n ¼ 1107), smoking status (n ¼ 262), and
previous MI (n ¼ 336). ID, insulin dependent.
aUsing definition from main ACUITY paper.
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Results

Baseline predictors of mortality
Of 13 819 patients enrolled in the ACUITY trial, 705 (5.1%) had an
MI and 645 (4.7%) had a major bleed within 30 days of

randomization, and 524 (3.8%) died within a year of randomization.
The univariate associations of the baseline predictors with the
rates of death within a year, and MI and major bleed within 30
days are shown in Table 1. Table 1 also shows the previously pub-
lished rates of these events by treatment group.12,13
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Table 2 A multivariable Cox regression relating baseline predictors to 1-year mortality

Risk factor Hazard ratio 95% CI Coefficienta Z P-value

Age

Per 5 years 1.31 1.24–1.39 0.27 9.18 ,0.001

White blood cell count

Per 1000/L 1.07 1.06–1.09 0.072 9.11 ,0.001

Diabetes

No 1 — —

Non-insulin dependent 1.47 1.19–1.82 0.39 3.61 ,0.001

Insulin dependent 2.28 1.80–2.90 0.83 6.74 ,0.001

ST-deviation

No 1 — —

Yes 1.61 1.35–1.92 0.48 5.31 ,0.001

Left bundle branch block

No 1 — —

Yes 1.90 1.50–2.40 0.64 5.28 ,0.001

Gender

Female 1 — —

Male 1.66 1.36–2.03 0.51 4.90 ,0.001

Planned treatment

Medical 1 — —

PCI 0.83 0.67–1.01 20.19 21.83 0.067

CABG 1.76 1.38–2.26 0.57 4.51 ,0.001

Cerebrovascular event

No 1 — —

Yes 1.79 1.38–2.32 0.58 4.40 ,0.001

Creatinine clearance

Per 10 unit decrease , 100 mL/min 1.12 1.06–1.17 20.11 24.27 ,0.001

Haemoglobin

Per g/dL decrease 1.13 1.07–1.20 20.12 24.27 ,0.001

Elevated CKMB/troponins

No 1 — —

Yes 1.55 1.26–1.90 0.44 4.23 ,0.001

Current smoker

No 1 — —

Yes 1.60 1.28–1.99 0.47 4.13 ,0.001

Previous MI

No 1 — —

Yes 1.33 1.11–1.59 0.28 3.08 0.002

Model is based on all 13 819 patients with missing values imputed.
aCreatinine clearance and haemoglobin have a negative coefficient as results are the increased risk per unit decrease.
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The multivariable Cox model that simultaneously relates these
baseline predictors of risk of death within 1 year of randomization
is shown in Table 2. The variables are listed in order of their signifi-
cance in the model. The three strongest predictors of increased
mortality were increasing age, increased white blood cell count,
and insulin-dependent diabetes. In addition, ST-deviation on
ECG, left bundle branch block, male gender, CABG as planned
treatment, a prior cerebrovascular event, reduced creatinine clear-
ance, lower haemoglobin, an elevated CKMB or troponin, current
smoking, non-insulin-dependent diabetes, and a prior MI were sig-
nificantly related to an increased risk of mortality. This model had
good discrimination. Patients in the bottom 50% of the risk score
had a low-mortality risk (1.0%), whereas patients in the top 5% of
the risk score distribution had a 21% risk of mortality (Figure 1).
The comparison of the observed and expected probabilities of
dying demonstrates the model’s goodness of fit.

Associations of major bleeding and
myocardial infarction with risk
and timing of mortality
The cumulative incidence of death over 1 year and recurrent MI,
major bleeding, and blood transfusion over the first 30 days follow-
ing randomization are shown in Figure 2. It can be seen that some
patients died before others experienced either an MI or a major
bleed. Hence in order to investigate the impact of these adverse

events on the risk of subsequent mortality, it is necessary to
include these events as time-updated covariates in a Cox model.
Three separate Cox models for mortality with (i) MI, (ii) major
bleed, and (iii) blood transfusion as time-updated covariates
demonstrated that each of these events predicts a significantly
increased hazard (Figure 3). Each of these Cox models was then
extended to demonstrate how the increase in hazard depends
on the time since the event (MI, major bleed, blood transfusion)
in four time intervals: days 0–1 after, days 2–7 after, days 8–30,
and 31 or more days after the event (Figure 4).

There were 77 deaths that occurred following an MI in 705
patients. The occurrence of an MI was associated with a hazard
ratio of 3.1 (95% CI, 2.4–3.9) compared with patients not yet
having an MI, after adjustment for baseline predictors (Figure 3).
However, this elevated risk of death was highly dependent on
time since the MI. That is, on the same day or the day after the
MI, the hazard ratio was 17.6, within a week it was 8.2, within 30
days it was 2.9, and thereafter it was 1.4 (no longer a significant
excess risk), all baseline adjusted (Figure 4).

There were 93 deaths that occurred following a major bleed in
645 patients. Occurrence of a major bleed had an overall hazard
ratio for mortality of 3.5 (95% CI 2.7–4.4) after adjustment for
baseline predictors (Figure 3). This excess risk of death following a
major bleed remained steady and highly significant over time: on
the same day or the day following the bleed the hazard ratio
was 5.5, within a week it was 5.8, within 30 days it was 5.6,

Figure 1 Observed and expected risk of mortality within 1 year by risk group. The comparison of the observed and expected probabilities of
dying demonstrates the model’s goodness of fit.

Mortality risk model for acute coronary syndrome 1461



and thereafter it was 2.4, all baseline adjusted (Figure 4). Blood
transfusion occurred in 319 patients following a major bleed, of
whom 70 died within 1 year of randomization (overall hazard
ratio for mortality of 4.5 (95% CI 3.4–5.9), with a fairly constant
and significant hazard ratio for up to 1 year after the transfusion
event (Figures 3 and 4).

The ACUITY trial definition of major bleed used here includes
� 5 cm diameter haematoma. In the 125 major bleeds (19.4%)
for which this was the only criterion, five deaths subsequently
occurred, and there was no evidence of excess mortality. Excluding
such haematomas, increases the overall hazard ratio for mortality
following major bleed to 3.9 (95% CI 3.1–5.0).

Among patients experiencing an MI, 84% of deaths (65/77) were
due to a cardiac cause compared with 56% of deaths (251/447) in
patients without an MI. In contrast, the percentage of cardiac
deaths among those experiencing a major bleed was the same as
those without a major bleed [60% (56/93) and 60% (260/431),
respectively]. The other 37 deaths after a major bleed were classi-
fied as 7 specifically bleeding-related, 24 non-cardiac, 6 unknown
cause.

Combined impact of major bleeding and
myocardial infarction on mortality risk
A total of 94 patients had both an MI and a major bleed (34 had a
major bleed first, 31 had the MI first, and 29 had both events on
the same day). The combined influence on risk of 1-year mortality
of MI, major bleed (without or prior to transfusion), and blood
transfusion within 30 days are shown in Table 3. Once again, MI
shows the same pattern of mortality risk, i.e. very high in the first
several days with a rapid decline thereafter, but the hazard ratios
are somewhat reduced after considering bleeds and transfusions.
The mortality risk of major bleeding without transfusion remains
reasonably constant over time until 30 days with a hazard ratio
�3. Post-transfusion, the hazard ratio �5, again remaining steady
over time. As can be seen, Figure 4 and Table 3 present somewhat
different findings: the former is based on three separate models
for MI, major bleed, and blood transfusion, respectively, whereas
the latter is based on one overall model which simultaneously con-
siders all three types of adverse events. Extension of the latter
model to include randomized treatment as an additional covariate

Figure 2 Cumulative risk of (i) death; (ii) recurrent MI, (iii) major bleed; (iv) non-CABG related transfusion. The cumulative risk of mortality
(to 1 year), recurrent MI, major bleed, and non-CABG related transfusion (to 35 days).
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had negligible impact on the results. In addition, there was no signifi-
cant heterogeneity of results between treatment groups.

Discussion
This analysis demonstrates that major bleeding and MI each have a
meaningful and similar associations with the subsequent rate of mor-
tality in the first year in patients with moderate and high-risk ACS
managed by an early invasive strategy. These associations persist
after adjustment for patient characteristics including baseline demo-
graphics, laboratory findings, and treatment strategies. However, the
time pattern of mortality risk differed between major bleeding and
MI. MI led to a more dramatic very early risk of death, whereas
major bleeding carried a more prolonged mortality risk.

In the present study, the risk of mortality over 1 year was
strongly associated with major bleeding and transfusion as well
as MI after adjustment for baseline and procedural predictors of
mortality. When included as a time-updated covariate in the Cox
model, major bleeding (hazard ratio 3.5) and blood transfusion
(hazard ratio 4.5) had similar or slightly greater risk of 1-year mor-
tality compared with MI (hazard ratio 3.1). Our findings are in
agreement with the previous reports assessing the association of
bleeding complications and/or blood transfusion with mor-
tality.7– 11 Eikelboom et al.10 reported that patients with major
bleeding had a five-fold-higher incidence of 30-day mortality. The
risk of mortality was increased in a stepwise manner as bleeding
severity increased.16 Data from the OASIS-5 trial, which enrolled
over 20 000 patients with ACS demonstrated that treatment

with fondaparinux, which significantly reduced the rate of early
bleeding complications compared with treatment with enoxaparin,
resulted in a significantly lower mortality rate at 30 days and 6
months.17 Likewise, Rao et al.8 reported that transfusion was
associated with nearly a four-fold increase in the adjusted risk
for 30-day mortality in a pooled analysis of 24 112 patients with
ACS.

We have identified that the time pattern of elevated mortality
risk in patients with major bleeding differs from that of patients
with MI. Although, there has been one report that the risk of
death in patients with major bleeding was temporally different
after 30 days, no analysis was performed to examine the specific
time pattern of mortality following the major bleed.10 Peri-
procedural MI associated with PCI or CABG has been consistently
demonstrated to have a direct correlation with mortality.18–20 The
mechanisms of MI during and following revascularization pro-
cedures, which have mostly been explained by distal embolization,
side-branch or target vessel closure, or flow limiting dissection or
vasospasm in PCI and early graft failure, and/or lack of adequate
myocardial protection in CABG, lead to immediate myocardial
necrosis, which can result in fatal cardiac arrhythmia or reduced
ventricular function.18,20,21 This is consistent with our finding that
the risk of death after MI was highest within the first several
days and steadily decreased thereafter.

In contrast to MI, the mechanisms responsible for the associ-
ation between bleeding and mortality are more complex, and
include hypotension, anaemia, adverse effects of blood product
transfusion, ineffective oxygen delivery, vasoconstriction, platelet

Figure 3 Influence of recurrent MI, major bleed, and non-CABG related blood transfusion on mortality to 1 year [three Cox model with MIs,
bleeds, and transfusions as time-updated covariates (pre-/post-event) adjusted for baseline predictors]. When included as a time-updated cov-
ariate in the Cox model, major bleeding and blood transfusion within 30 days of randomization had similar or slightly greater risk of 1-year
mortality compared with MI within 30 days.
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dysfunction and in some cases, the discontinuation and/or reversal
of essential anti-thrombotic therapy or anti-platelet therapy.7,11

These mechanisms likely contribute to the more sustained tem-
poral relation of the risk of mortality after major bleeding com-
pared with that after MI. In addition, major bleed has profound
haemodynamic impact that may destabilize a previously tenuous
patient with respect to renal and cerebral functions thereby accel-
erating patient’s demise. Finally, a major bleed may also unmask a
previously covert ominous diagnosis (e.g. advanced cancer); this
should be evaluated in longer term studies and through clinical
evaluation of interventions that specifically attenuate major
bleeding.

Blood transfusion was also associated with an increased risk of
mortality. Although our study protocol did not determine the
severity of anaemia that would necessitate a transfusion, the
need for transfusion was likely correlated with the severity of
bleeding. In addition to being a marker of more severe bleeding,
blood transfusion may directly cause adverse outcomes through
depletion in nitric oxide and resultant vasoconstriction or
decreased oxygen carriage of the blood.8,22 Therefore, it is not
surprising that the mortality hazard ratio following blood transfu-
sion was even higher, although its time pattern was similar com-
pared with major bleeding.

In the previous report on 30 day results of ACUITY,11 we ident-
ified the independent predictors of major bleeding to be advanced

age, female gender, diabetes, hypertension, renal insufficiency,
anaemia, no prior PCI, cardiac biomarker elevation, ST-segment
deviation, and treatment with heparin plus GPI vs. bivalirudin
monotherapy. Major bleeding was an independent predictor of
30-day mortality (odds ratio 7.55, 95% CI 4.68–12.18, P ,

0.0001).
Results from a registry conducted in patients with acute MI23

indicated that major bleeding (albeit following a different defi-
nition) occurred in �3% such patients, accounted for only 10%
of all hospital deaths, and the reported low risk of hospital mor-
tality associated with bleeding questioned its importance. These
data are in sharp contrast with the recently reported data from
our group24 in a large randomized trial of acute MI that indicated
that the administration of bivalirudin resulted in lower bleeding
and reduced mortality at 30 days, whereas it offered no benefit
over control with respect to ischaemic endpoints. Hence, the
causal relationship between bleeding and mortality is evolving
and can certainly be multifactorial and difficult to definitively
prove, especially in studies with low overall mortality such as
ACUITY.

Limitations
This report has several potential limitations. First, the current
analysis was not pre-specified in the original protocol of the
ACUITY trial. Secondly, although multivariable analysis was

Figure 4 Influence of recurrent MI, major bleed, and non-CABG related transfusion on mortality to 1 year [three Cox model with recurrent
MI, major bleed, and transfusion as binary time-updated covariates (time since event) adjusted for baseline predictors]. The excess risk of death
following a major bleed and transfusion within 30 days of randomization remained steady and highly significant over time, whereas the impact of
an MI within 30 days on the risk of mortality decreased rapidly over time.
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performed to adjust for baseline predictors of mortality, there
might be unmeasured confounders that affect the observed associ-
ation between bleeding, transfusion, MI, and mortality. Hence, one
cannot directly infer from these analyses that the observed associ-
ations establish a causal link between bleeding events and mortality
risk. Thirdly, the patients enrolled in this study had moderate and
high-risk ACS and underwent an early invasive management strat-
egy. Therefore, these results may not apply to patients with lower-
risk ACS and those who do not undergo early angiography.

Conclusions
Our analysis from the ACUITY trial demonstrates that both major
bleeding and MI have important and similar associations with mor-
tality in the first year following presentation with an ACS. MI,
which accounted for 10% of deaths, and major bleeding, which
accounted for 13% of deaths, carry a similar and substantial risk.
An MI is associated with a more dramatic short-term risk of

death, whereas a major bleed correlates with a more prolonged
mortality risk. Contemporary treatment of patients with ACS
should take into careful consideration hazards of both major
bleeding and MI to provide best possible patient management.
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Table 3 Hazard ratios for mortality from MI, major bleed, and blood transfusion within 30 days, all simultaneously
included in a Cox regression with time-updated covariates (i) time considered as pre-/post-event, (ii) time considered as
interval since event, and adjustment for baseline predictors

Risk factor Hazard ratio 95% CI Z P-value

Pre-/post-event

MI

Pre-MI 1 —

Post-MI 2.51 1.95–3.25 7.06 ,0.001

Major bleeda

Pre-bleed 1 —

Post-bleed (before transfusion) 2.00 1.30–3.06 3.18 ,0.001

Post-transfusion 3.93 2.95–5.24 9.35 ,0.001

Time interval post-event

MI

Pre-MI 1 — —

0–1 Day 14.87 8.94–24.72 10.40 ,0.001

2–7 Days 5.98 3.53–10.12 6.66 ,0.001

8–30 Days 2.08 1.12–3.88 2.31 0.021

31þ Days 1.22 0.80–1.85 0.92 0.36

Major bleedb (before or without transfusion)

Pre-bleed 1 —

0–7 Daysc 2.64 1.15–6.04 2.29 0.022

8–30 Days 3.35 1.45–7.73 2.84 0.005

31þ Days 1.51 0.82–2.77 1.32 0.19

Transfusion

Pre-bleed 1 —

0–1 Day after transfusion 3.25 1.43–7.36 2.82 0.005

2–7 Days 5.44 3.01–9.84 5.61 ,0.001

8–30 Days 6.00 3.45–10.42 6.36 ,0.001

31þ Days 3.05 2.06–4.52 5.55 ,0.001

aIn this model, there is a binary time-updated covariate for major bleed (without transfusion as yet) which starts on the day of the bleeding event. If there is a transfusion (either
immediately or at a later day), this covariate is then subsequently replaced by a binary time-updated covariate for transfusion, which starts on the day of transfusion.
bIn this model, the same principle is extended to include binary time-updated covariates for different intervals post-major bleed (without transfusion as yet) and post-transfusion.
cDays 0–1 and 2–7 combined due to small numbers following a bleed but before transfusion.
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