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THE USE OF INVASIVE PROCE-
dures for treatment of ische-
mic heart disease has more than
tripled in the past 2 decades and

is likely to increase in high-risk pa-
tients.1 This, coupled with the wide-
spread use of potent fibrinolytic and an-
tithrombotic drugs,2,3 has increased the
potential for bleeding and blood trans-
fusion among patients with cardiovas-
cular disease. Approximately 12 mil-
lion units of blood are transfused to 3.5
million patients each year in the United
States,4 and although transfusing blood
to anemic patients with ischemic heart
disease may theoretically increase oxy-
gen delivery and improve outcomes,
there is no definitive evidence to sup-
port such a practice. Some studies actu-
ally indicate no increase in tissue oxy-
genation with blood transfusion.5-7

Studies of clinical outcomes have
shown disparate findings. A random-
ized trial found no benefit of liberally
transfusing blood in critically ill pa-
tients to maintain a hemoglobin level
of 10.0 mg/dL compared with restrict-
ing transfusion to patients in whom the

hemoglobin was 7.0 mg/dL or lower.8

A post hoc analysis of this trial, lim-
ited to patients with cardiovascular dis-
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Context It is unclear if blood transfusion in anemic patients with acute coronary syn-
dromes is associated with improved survival.

Objective To determine the association between blood transfusion and mortality
among patients with acute coronary syndromes who develop bleeding, anemia, or both
during their hospital course.

Design, Setting, and Patients We analyzed 24112 enrollees in 3 large international
trialsofpatientswithacutecoronarysyndromes (theGUSTOIIb,PURSUIT,andPARAGON
B trials). Patients were grouped according to whether they received a blood transfusion
during thehospitalization.Theassociationbetween transfusionandoutcomewasassessed
usingCoxproportionalhazardsmodelingthat incorporatedtransfusionasatime-dependent
covariate and the propensity to receive blood, and a landmark analysis.

Main Outcome Measure Thirty-day mortality.

Results Of the patients included, 2401 (10.0%) underwent at least 1 blood transfu-
sion during their hospitalization. Patients who underwent transfusion were older and
had more comorbid illness at presentation and also had a significantly higher unad-
justed rate of 30-day death (8.00% vs 3.08%; P�.001), myocardial infarction (MI)
(25.16% vs 8.16%; P�.001), and death/MI (29.24% vs 10.02%; P�.001) compared
with patients who did not undergo transfusion. Using Cox proportional hazards mod-
eling that incorporated transfusion as a time-dependent covariate, transfusion was as-
sociated with an increased hazard for 30-day death (adjusted hazard ratio [HR], 3.94;
95% confidence interval [CI], 3.26-4.75) and 30-day death/MI (HR, 2.92; 95% CI, 2.55-
3.35). In the landmark analysis that included procedures and bleeding events, transfu-
sion was associated with a trend toward increased mortality. The predicted probability
of 30-day death was higher with transfusion at nadir hematocrit values above 25%.

Conclusions Blood transfusion in the setting of acute coronary syndromes is asso-
ciated with higher mortality, and this relationship persists after adjustment for other
predictive factors and timing of events. Given the limitations of post hoc analysis of
clinical trials data, a randomized trial of transfusion strategies is warranted to resolve
the disparity in results between our study and other observational studies. We sug-
gest caution regarding the routine use of blood transfusion to maintain arbitrary he-
matocrit levels in stable patients with ischemic heart disease.
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ease, supported the overall results.9 In
contrast, an observational study of el-
derly patients with acute myocardial
infarction (MI) found an association be-
tween transfusion and improved short-
term survival when hematocrit at ad-
mission was 30% to 33% or less.10 This
study did not examine the association
between transfusion and outcome in pa-
tients who developed anemia during
their hospital course.

Patients hospitalized for an acute
coronary syndrome (ACS) are at risk
of developing anemia acutely as a con-
sequence of bleeding. For clinical prac-
tice, a crucial issue is whether blood
transfusion is beneficial or harmful for
patients with ischemic heart disease
who have developed anemia acutely
during their hospitalization.

We used detailed clinical data from
3 large international trials of patients
with ACS to determine the association
between blood transfusion and out-
comes among patients who developed
moderate to severe bleeding, anemia,
or both during their hospitalization.

METHODS
Patient Population
and Treatments

The institutional review boards of all
participating institutions reviewed and
approved the protocols of the Global
Use of Strategies to Open Occluded
Coronary Arteries (GUSTO) IIb, Plate-
let Glycoprotein IIb/IIIa in Unstable
Angina: Receptor Suppression Using
Integrilin Therapy (PURSUIT), and
Platelet IIb/IIIa Antagonism for the Re-
duction of Acute Coronary Syndrome
Events in a Global Organization Net-
work (PARAGON) B trials. All pa-
tients enrolled gave written informed
consent.

Clinical data from the multicenter in-
ternational GUSTO IIb, PURSUIT, and
PARAGON B trials were pooled and in-
cluded 24112 patients with ACS. The
details of the trials have been pub-
lished elsewhere.3,11,12 Briefly, GUSTO
IIb randomly assigned 12142 patients
with ACS to receive either intrave-
nous heparin or hirudin. For this analy-
sis, we included 8011 patients from

GUSTO IIb without persistent ST-
segment elevation on initial electrocar-
diogram. PURSUIT randomly as-
signed 10948 ACS patients without
persistent ST-segment elevation to re-
ceive either eptifibatide or placebo;
PARAGON B randomly assigned 5225
ACS patients without ST-segment el-
evation to either intravenous lami-
fiban or placebo. For the current study,
the analysis was limited to patients from
the 3 trials who had complete data on
transfusion and bleeding occurrence.

Concomitant treatment with aspi-
rin in dose ranges of 80 to 325 mg/d was
recommended by protocol in all 3 trials.
Use of antithrombin agents was also
recommended in the PURSUIT and
PARAGON B trials and was mandated
by protocol in the GUSTO IIb trial. Use
of other medications and procedures
was at the discretion of the treating phy-
sicians in all 3 trials.

Definitions and End Points

Bleeding. The GUSTO IIb investiga-
tors used the GUSTO definition of bleed-
ing2 that classifies bleeding as mild, mod-
erate, severe, or life-threatening. Severe
or life-threatening bleeding was de-
fined as either intracranial hemorrhage
or bleeding that caused hemodynamic
compromise and required interven-
tion. Moderate bleeding was defined as
bleeding that required blood transfu-
sion but did not result in hemody-
namic compromise. The PURSUIT in-
vestigators used the GUSTO and TIMI
(Thrombolysis in Myocardial Infarc-
tion)13 bleeding classifications. The TIMI
classification defines bleeding events as
major or minor, where major bleeding
is either intracranial hemorrhage or
bleeding associated with a hemoglobin
decrease of 5 g/dL or more (or a hemat-
ocrit decrease of �15%). Minor bleed-
ing is defined as observed blood loss re-
sulting in a hemoglobin decrease of
3 g/dL or more (hematocrit decrease of
�10%) or a decrease in hemoglobin of
4 g/dL (hematocrit decrease of �12%)
if no bleeding site was identifiable.

The PARAGON B investigators de-
fined bleeding complications as major
or life-threatening and intermediate.

Major or life-threatening bleeding was
defined as any intracranial hemor-
rhage or bleeding leading to hemody-
namic compromise requiring interven-
tion. Intermediate bleeding was defined
as bleeding requiring transfusion or a
decrease in hemoglobin of 5 g/dL or
more, or a decrease in hematocrit
� 15% when hemoglobin measure-
ment was unavailable.

Data on the date, time, severity, and
location (including unidentifiable) of
each bleeding event were collected pro-
spectively. To be consistent across trials,
the GUSTO definition of bleeding was
used for the GUSTO IIb and PURSUIT
trials; for PARAGON B, major or life-
threatening bleeding episodes and inter-
mediate bleeding episodes were consid-
ered to be GUSTO severe and moderate
bleeding, respectively. For the purpose
of this analysis, only the first moderate
or severe bleeding episode was consid-
ered, and the nadir hemoglobin or he-
matocrit was defined as the lowest value
occurring during the hospitalization if no
transfusion or bleeding occurred. When
studying bleeding or transfusion events,
only the nadir level before the event was
considered. Nadir hematocrit was con-
sidered a continuous variable.

Transfusion. Data on the number of
units of packed red blood cells and
whole blood transfused as well as the
date of transfusion were collected pro-
spectively in each trial.

End Points. The primary end point
was 30-day all-cause mortality. Second-
ary end points were occurrence of the
composite of 30-day death or MI. Myo-
cardial infarction was defined accord-
ing to the protocol of each trial. The
GUSTO IIb investigators defined MI as
an increase in creatine kinase–MB (CK-
MB) fraction (or total CK, if CK-MB
measurement was unavailable) to greater
than the upper limit of normal or at least
2 times the previous value if it was el-
evated at enrollment and/or new signifi-
cant Q waves in 2 contiguous electro-
cardiographic (ECG) leads, along with
the appropriate signs and symptoms.

The PURSUIT and PARAGON B in-
vestigators defined MI as new chest pain
and ST-segment elevation within 18
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hours of enrollment, new or repeat
CK-MB fraction elevation greater than
the upper limit of normal after 18 hours,
new Q waves in 2 contiguous ECG leads,
or both. Creatine kinase–MB eleva-
tions greater than 3 times the upper limit
of normal after percutaneous coronary
intervention and greater than 5 times the
upper limit of normal after coronary ar-
tery bypass graft surgery (CABG) were
also classified as MI. All end points were
adjudicated by an independent, blinded
events committee.

Statistical Analysis

Patient Comparisons. Patients were cat-
egorized according the occurrence of
transfusion. Baseline characteristics
were compared using �2 tests for cat-
egorical variables and the nonparamet-
ric Kruskal-Wallis test for continuous
variables. Baseline differences with P
values �.01 were considered statisti-
cally significant. Kaplan-Meier analy-
sis was used to illustrate 30-day event-
free survival for patients who did and
did not undergo transfusion. Analyses
were computed using SAS software, ver-
sion 8.2 (SAS Institute Inc, Cary, NC).

Modeling of Outcomes. Because
blood transfusion was a postrandomiza-
tion event that was left to the discretion
of the investigator, the association be-
tween transfusion and the primary and
secondary end points could be con-
founded by patient characteristics and in-
fluenced by in-hospital events such as
bleeding and procedures. To control for
these biases, we developed 4 statistical
models. The first 2 models examined pa-
tients’ propensity to bleed or receive a
transfusion and used moderate or se-
vere bleeding and transfusion, respec-
tively, as the outcomes. Logistic regres-
sion using a stepwise variable selection
technique was used in each model and
incorporated baseline demographic char-
acteristics, medical comorbidities, age (as
a continuous variable), sex, body weight
(as a continuous variable), presenting
characteristics, baseline hematocrit, site
(US vs non-US), and in-hospital medi-
cal therapy received within the 2 weeks
prior to randomization as independent
variables.

Because the likelihood of receiving
a transfusion may vary over time, 2 fur-
ther models were developed. One used
Cox proportional hazards regression to
determine the association between
transfusion and 30-day death and in-
corporated transfusion as a time-
dependent covariate. The use of trans-
fusion as a time-dependent covariate
enables accounting for survivor bias (ie,
not living long enough to undergo
blood transfusion) and for the possi-
bility that the timing of the transfu-
sion relative to the outcome may be in-
fluential (eg, if the transfusion occurred
after MI). The model was then ad-
justed for baseline variables found to
be predictive of 30-day death among pa-
tients with non–ST-segment elevation
ACS,14 propensity for bleeding and
transfusion from the models de-
scribed herein, and nadir hematocrit.
Because of the influence of CABG on
transfusion practice and mortality, we
repeated the analysis by censoring pa-
tients at the time of CABG.

The final model of 30-day death in-
corporated transfusion as a “time-
fixed” covariate in a landmark analy-
sis.15,16 With this approach, the follow-up
time is divided into periods of interest.
Patient survival is then described with
standard techniques conditional on the
patient being alive and not yet having
received a transfusion at the start of the
period. All procedures and bleeding
events that occurred prior to the end of
each interval are included in the analy-
sis. This approach provides a general
trend of the adjusted association be-
tween the independent variable (trans-
fusion) and dependent variable (30-
day mortality) over time.

For the purposes of this study, the
analysis was performed on the first
seven 24-hour periods after trial en-
rollment because the majority of events
(transfusions, bleeding events, and pro-
cedures) occurred during this time in-
terval. The analysis for each time pe-
riod compares outcomes between
patients who did and did not undergo
transfusion within the discrete 24-
hour period and then adjusts for dif-
ferences between these 2 populations.

The analysis adjusted for baseline char-
acteristics, nadir hematocrit occur-
ring prior to the end of each interval,
and bleeding and invasive procedures
that occurred prior to the end of each
interval.

This approach has several advan-
tages. First, it deals with nonpropor-
tionality because the analysis is fitted
to a restricted time period. Second, it
minimizes survivor bias because the
analysis is performed on data cap-
tured within relatively short time
intervals (24 hours in the case of our
study) among patients who are alive
at the start of each period. Third, it
incorporates other covariates that may
be time-dependent, such as invasive
procedures and bleeding. In light of
prior work showing an association
between transfusion and lower mor-
tality at certain hematocrit levels in
elderly persons,10 we also explored the
interactions between age and transfu-
sion and baseline and nadir hemato-
crit and transfusion in the landmark
analyses.

We also examined the predicted
probability of 30-day death among pa-
tients undergoing and not undergoing
transfusion using a multivariable lo-
gistic regression model that incorpo-
rated nadir hematocrit as a continu-
ous variable and adjusted for baseline
characteristics. The association of na-
dir hematocrit with 30-day mortality
was evaluated using restricted cubic
splines. It appeared that this associa-
tion followed 2 lines, 1 below a nadir
hematocrit value of 25% and 1 above a
nadir hematocrit value of 25%. There-
fore, a linear spline transformation with
a nadir hematocrit value of 25% as the
knot point was used. The 2 continu-
ous components of this transforma-
tion were added to the model along with
transfusion use and the interaction of
transfusion with nadir hematocrit. Ow-
ing to the influence of coronary artery
bypass surgery on transfusion prac-
tice and mortality, we repeated the
analysis censoring at the time of CABG.
To account for survival bias, we also re-
peated the analysis excluding patients
who died within the first 5 days.
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RESULTS
Baseline Characteristics
From the 3 trials, 24112 patients had
complete data on bleeding, transfu-
sion, and outcomes. Of these, 2401

(10.0%) underwent transfusion of at
least 1 unit of whole blood or packed
red blood cells. TABLE 1 displays the
baseline characteristics of patients who
did and did not receive a transfusion.

Compared with those who did not re-
ceive blood, patients who received a
blood transfusion were older, more of-
ten female, more often black, and had
lower median body weight. They also
had more medical comorbidities at pre-
sentation, with a higher proportion hav-
ing ST-segment depression on the ini-
tial ECG and Killip class greater than
II. The median baseline and nadir he-
matocrit measurements for patients
who received a transfusion were 39.9%
and 29.0%, respectively. For patients
who did not receive blood, the values
were 41.7% and 37.6%, respectively.

Predictors of Bleeding
and Transfusion

The first 2 regression models exam-
ined significant baseline predictors of
moderate or severe bleeding and blood
transfusion. TABLE 2 shows the base-
line characteristics that were most as-
sociated with bleeding and blood trans-
fusion during hospitalization. Similar
baseline characteristics were associ-
ated with both bleeding and blood
transfusion.

Outcomes

Kaplan-Meier and Cox Regression
Analyses. FIGURE 1 shows the Kaplan-
Meier curves for 30-day mortality
among patients who did and did not re-
ceive blood transfusion. TABLE 3 shows
the unadjusted rates of 30-day death,
MI, and composite death/MI among pa-
tients who did and did not receive a
transfusion. For all 3 outcomes, the
rates were significantly higher among
patients who received a transfusion (30-
day death, 8.00% for patients who re-
ceived a transfusion vs 3.08% for pa-
tients who did not; P�.001; 30-day MI,
25.16% vs 8.16%; P�.001; 30-day com-
posite death/MI, 29.24% vs 10.02%;
P�.001).

Table 3 also shows the results of the
Cox model that examined the associa-
tion between blood transfusion as a
time-dependent covariate and 30-day
death and 30-day composite death/
MI. After adjustment for baseline char-
acteristics, blood transfusion was as-
sociated with a hazard ratio for death

Table 1. Baseline Characteristics of Patients Who Did and Did Not Receive Blood
Transfusion*

Characteristics
Transfusion
(n = 2401)

No Transfusion
(n = 21711)

P
Value

Demographics
Age, median (IQR), y 68.9 (61.0-74.1) 64.0 (54.9-71.6) �.001

Female 41.5 33.6 �.001

Black race 5.1 3.9 .002

Body weight, median (IQR), kg 74.0 (65.0-85.0) 77.3 (68.0-88.0) �.001

Medical history
Diabetes mellitus 27.9 20.6 �.001

Hypertension 58.8 52.4 �.001

Hyperlipidemia 46.6 43.0 �.001

Prior stroke 7.8 4.6 �.001

Prior CABG 11.3 12.2 .18

Prior congestive heart failure 11.4 9.5 .003

Presenting characteristics
ST-segment elevation 10.1 11.2 .12

ST-segment depression 51.4 40.9 �.001

Killip class �II 15.8 10.7 �.001

Systolic blood pressure,
median (IQR), mm Hg

134 (120-150) 135 (120-150) .91

Randomization at a US site 47.8 30.7 �.001

Hematocrit, median (IQR), %
Baseline 39.9 (36.3-43.1) 41.7 (38.8-44.5) �.001

Nadir 29.0 (24.6-35.2) 37.6 (34.4-40.5) �.001

Units of blood transfused, median (IQR) 3.6 (2.0-6.0) NA NA
Abbreviations: CABG, coronary artery bypass graft surgery; NA, data not applicable; IQR, interquartile range.
*Data are presented as percentages unless otherwise noted.

Table 2. Baseline Predictors of Moderate or Severe Bleeding and Transfusion From Linear
Regression Models

Variables

Odds Ratio (95% Confidence Interval)*

Moderate or Severe Bleeding Transfusion

Randomization at a US site 2.44 (2.22-2.68) 2.56 (2.32-2.82)

Age �75 y 0.96 (0.94-0.98) 0.96 (0.94-0.98)

Baseline hematocrit per 1% decrease 0.97 (0.97-0.98) 0.97 (0.96-0.97)

Prior bypass surgery 0.58 (0.51-0.67) 0.59 (0.51-0.68)

Body weight �80 kg 0.99 (0.98-0.99) . . .

ST-segment depression on initial
electrocardiogram

1.33 (1.22-1.45) 1.35 (1.24-1.49)

Diastolic blood pressure �95 mm Hg 1.04 (1.02-1.05) . . .

Chronic renal insufficiency 2.01 (1.46-2.76) 1.95 (1.39-2.73)

Prior use of nitrates 0.82 (0.74-0.90) . . .

Hyperlipidemia 1.18 (1.08-1.30) . . .

Body weight �75 kg . . . 0.98 (0.98-0.99)

Diabetes mellitus . . . 1.28 (1.15-1.42)

Prior �-blocker use . . . 1.22 (1.11-1.34)

Heart rate per 1/min increase . . . 1.01 (1.00-1.01)
Ellipses indicate variable was not a significant predictor of the outcome in question.
*All P values �.001.
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of 3.54 (95% confidence interval, 2.96-
4.23) for 30-day death. After adjust-
ment for baseline characteristics, bleed-
ing and transfusion propensity, and
nadir hematocrit, blood transfusion was
associated with a hazard ratio for death
of 3.94 (95% confidence interval, 3.26-
4.75).

Landmark Analysis. FIGURE 2 shows
the results of the landmark analysis that
adjusted for baseline characteristics, na-
dir hematocrit occurring prior to the
end of each time period, bleeding events
that occurred prior to the end of each
time period, and invasive procedures
(cardiac catheterization, percutane-
ous coronary intervention, and/or
CABG) that occurred before the end of
each time period. During the first 7 days
after randomization, there was a trend
association between blood transfu-
sion and increased 30-day mortality. In
the landmark analysis, there were no
significant interactions between trans-
fusion and age or transfusion and base-
line or nadir hematocrit.

Predicted Probabilities of 30-Day
Death. TABLE 4 shows the adjusted pre-
dicted probability of 30-day death with
and without transfusion by nadir he-
matocrit. The interaction between na-
dir hematocrit and transfusion was sig-
nificant (P=.003) such that there was
no significant association between
transfusion and 30-day mortality at a
nadir hematocrit of 25% or less. How-
ever, at a nadir hematocrit higher than
25%, transfusion was associated with
a significantly higher odds of 30-day

death. The results were unchanged af-
ter excluding patients who underwent
CABG or those who died within the first
5 days of follow-up.

COMMENT

The results of our study show that blood
transfusion in the setting of anemia dur-
ing hospitalization for ACS is associ-
ated with increased 30-day mortality.
This association persisted across the 3
different analytical methods we used.
The increased risk of death associated
with transfusion was present after ad-
justment for demographic characteris-
tics and in-hospital events such as
bleeding and invasive procedures.
When included as a time-dependent co-

variate in the Cox model, blood trans-
fusion was associated with a higher risk
of death. In the landmark analysis, the
odds ratios showed a trend toward in-
creased mortality with transfusion af-
ter adjustment for both baseline and na-
dir hematocrit. When hematocrit level
was included as a continuous variable
in the logistic regression model, we
found an association between transfu-
sion and increased 30-day mortality at
a nadir hematocrit above 25%. This sug-
gests that a hematocrit as low as 25%
may be tolerated without blood trans-
fusion in otherwise stable patients with
ischemic heart disease.

Our findings differ from those of Wu
et al,10 who analyzed data from an ad-

Figure 1. Kaplan-Meier Estimates of 30-Day Mortality Among Patients Who Did and Did Not
Receive Blood Transfusion
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Survival data were missing for 3 patients who received tranfusion and for 27 patients who did not receive
transfusion.

Table 3. Unadjusted Rates of Outcomes and Adjusted Results of Cox Regression Predicting 30-Day Death and Death or Recurrent Myocardial
Infarction Using Transfusion as a Time-Dependent Covariate

Outcomes

Underwent Transfusion, No. (%)

Hazard Ratio (95% CI)*

Yes
(n = 2401)

No
(n = 21711)

P
Value

Adjusted for
Transfusion Propensity

Adjusted for Baseline
Characteristics†

Adjusted for Baseline
Characteristics, Bleeding

and Transfusion Propensity,
and Nadir Hematocrit†

Death 192 (8.00) 669 (3.08) �.001 3.77 (3.14-4.52) 3.54 (2.96-4.23) 3.94 (3.26-4.75)

MI 604 (25.16) 1771 (8.16) �.001 . . . . . . . . .

Composite (death/MI) 702 (29.24) 2176 (10.02) �.001 2.79 (2.45-3.18) 2.80 (2.45-3.19) 2.92 (2.55-3.35)
Abbreviations: CI, confidence interval; MI, myocardial infarction. Ellipses indicate data not computed.
*P�.001 for all comparisons.
†Baseline characteristics adjusted to include US vs non-US site, age, race, weight in kilograms, diabetes mellitus, systolic blood pressure, diastolic blood pressure, heart rate at

baseline, time from symptom onset to hospitalization, prior stroke, prior MI, sex, history of angina prior to qualifying episode, hypertension, hyperlipidemia, family history of coro-
nary artery disease, history of congestive heart failure, peripheral vascular disease, prior percutaneous coronary intervention, prior coronary artery bypass graft surgery, Killip
class, baseline hematocrit, maximum creatine kinase ratio at baseline, chronic renal insufficiency, ST-segment elevation or depression on initial electrocardiogram, �-blocker use
at baseline, calcium channel blocker use at baseline, nitrate use at baseline, and current smoking.
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ministrative database and found that
blood transfusion was associated with
lower 30-day mortality among elderly
patients with MI if the admission he-
matocrit was 30% or lower. There are
many likely reasons for the disparity be-
tween our study and that of Wu et al.
First, Wu et al used hematocrit mea-
surement at admission in their analy-
sis, whereas we examined the associa-
tion among anemia developing during
the hospitalization (ie, nadir hemato-
crit), transfusion, and mortality. The lat-
ter is a critical issue for clinical prac-
tice. Given that many current therapies

for ACS rely on mechanisms that in-
crease the risk of bleeding (antithrom-
botic medications and invasive proce-
dures), a fundamental problem facing
clinicians is whether to use transfu-
sion in patients who are otherwise stable
but have developed anemia as a con-
sequence of medications, procedures,
or both. We included in-hospital pro-
cedures and bleeding events, which
are important drivers of transfusion, in
our landmark analysis, while Wu et al
did not.

Second, Wu et al used an observa-
tional data set based on Medicare claims

data. Although the clinical informa-
tion was abstracted from hospital re-
cords, data on transfusion were likely
derived from claims that may have been
incomplete. Our analysis was per-
formed on information from clinical
trials databases in which data collec-
tion, especially bleeding and transfu-
sion data, was meticulous.

Third, Wu et al excluded patients
younger than 65 years, those with
bleeding within 48 hours of admis-
sion, and those who underwent open-
heart surgery. In our analysis, we in-
cluded all patients, regardless of age,
bleeding events, or procedures, for
whom all clinical information was
complete.

Finally, Wu et al attempted to con-
trol for survival bias (ie, living long
enough to receive a transfusion) in a
secondary analysis by excluding
patients who died within 48 hours of
admission. This eliminated the asso-
ciation between transfusion and
improved mortality in patients with a
hematocrit of 30% to 33%. We believe
that our statistical methods were
robust because we performed our
analysis first by including transfusion
as a time-dependent covariate and sec-
ond by using a landmark analysis.
Both methods not only minimized
survivor bias but the landmark analy-
sis also included other time-dependent
events such as bleeding and proce-
dures.

Our results also run counter to con-
ventional clinical thinking about car-
diac function and anemia. Mild to mod-
erate anemia (hemoglobin level of
7.0-10.0 g/dL) increases cardiac out-
put, primarily through reduced blood
viscosity leading to reduced afterload.
Under these conditions, myocardial
oxygen demand does not change.17 The
myocardium has a high oxygen-
extraction ratio, however, and can aug-
ment oxygen delivery only by increas-
ing coronary blood flow. Such an
increase might not be possible in pa-
tients with fixed coronary stenoses.
Considerable experimental model data
suggest that a hemoglobin level of 7
g/dL is tolerated without myocardial is-

Figure 2. Results of the Landmark Analysis Examining the Association Between Blood
Transfusion and 30-Day Mortality
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Odds ratios were adjusted for baseline characteristics (site, age, race, weight in kilograms, diabetes mellitus,
systolic and diastolic blood pressure, heart rate at baseline, time from symptom onset to hospitalization, prior
stroke, prior myocardial infarction, sex, history of angina prior to qualifying episode, hypertension, hyperlip-
idemia, family history of coronary artery disease, history of congestive heart failure, peripheral vascular dis-
ease, prior percutaneous coronary intervention [PCI], prior coronary artery bypass graft surgery [CABG], Killip
class, baseline hematocrit, maximum creatine kinase ratio at baseline, chronic renal insufficiency, ST-segment
elevation or depression on initial electrocardiogram, �-blocker use at baseline, calcium channel blocker use at
baseline, nitrate use at baseline, and current smoking), bleeding events occurring before the end of each time
period, and procedures (PCI and CABG) occurring before the end of each time period.

Table 4. Adjusted Predicted Probabilities of 30-Day Death With and Without Transfusion by
Nadir Hematocrit Value

Nadir Hematocrit, %*

20 25 30 35

Adjusted odds
ratio
(95% CI)†

1.59 (0.95-2.66) 1.13 (0.70-1.82) 168.64 (7.49-3797.69) 291.64 (10.28-8273.85)

Abbreviation: CI, confidence interval.
*Nadir hematocrit value was incorporated into the multivariable logistic regression model as a continuous variable. The

association between nadir hematocrit value and 30-day mortality was evaluated using restricted cubic splines. Be-
cause the association followed 2 lines, 1 below and 1 above a nadir hematocrit value of 25%, a linear spline trans-
formation with a nadir hematocrit value of 25% as the knot point was used. Nadir hematocrit values in the table are
sample values above and below 25%.

†Adjusted for US vs non-US site, age, race, weight in kilograms, diabetes mellitus, systolic and diastolic blood pres-
sure, heart rate at baseline, time from symptom onset to hospitalization, prior stroke, prior myocardial infarction, sex,
history of angina prior to qualifying episode, hypertension, hyperlipidemia, family history of coronary artery disease,
history of congestive heart failure, peripheral vascular disease, prior percutaneous coronary intervention, prior coro-
nary artery bypass graft surgery, Killip class, baseline hematocrit, maximum creatine kinase ratio at baseline, chronic
renal insufficiency, ST-segment elevation or depression on initial electrocardiogram, �-blocker use at baseline, cal-
cium channel blocker use at baseline, nitrate use at baseline, and current smoking.
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chemia if there is no obstructive coro-
nary artery disease. With coronary ar-
tery obstruction, however, ischemia can
occur with even mild anemia in experi-
mental circumstances.18 Furthermore,
prior observational studies have shown
an association between anemia and in-
creased mortality in patients with car-
diovascular disease.10,19 In this circum-
stance, there are no definitive data that
show that treating anemia with blood
transfusion either mitigates myocar-
dial ischemia or improves survival.

While clinical studies suggest that in-
creasing hemoglobin level via transfu-
sion increases oxygen delivery,5,7,20 stud-
ies also show that measures of tissue
oxygenation either decrease or do not
change.5-7 Increasing oxygen delivery
through transfusion leads to increases
in oxygen utilization by tissues only at
severe levels of anemia. At higher but
subnormal hematocrit levels, this rela-
tion does not appear to exist—as de-
livery increases, tissue uptake de-
creases and tissue utilization of oxygen
remains constant.

The reason for this paradox (greater
oxygen delivery but no improvement
in tissue use) is unclear. Alterations in
erythrocyte nitric oxide biology in
stored blood may be a partial explana-
tion. Nitric oxide (NO) is essential for
oxygen exchange,21 but the half-life of
NO in erythrocytes is believed to be
short. Red blood cells in stored blood,
once depleted of NO, may function as
NO “sinks,” promoting vasoconstric-
tion, platelet aggregation, and ineffec-
tive oxygen delivery. Moreover, red
blood cells in stored blood are low in
2,3-diphosphoglyceric acid and have
high oxygen affinity,17 which may fur-
ther impair the delivery of oxygen to
hypoxic tissues. Also, administration of
blood to patients with coronary artery
disease may lead to increases in inflam-
matory mediators that are associated
with exacerbation of myocardial ische-
mia.22 All of this, in aggregate, may act
to promote myocardial ischemia rather
than mitigate it.

Previous randomized studies sup-
port the conclusion that blood trans-
fusion may, at best, be neutral with

respect to survival or, at worst, be as-
sociated with either decreased sur-
vival or worsening cardiac function.
Fortune et al5 examined the effect of
maintaining a hematocrit of 30% vs 40%
on hemodynamic variables in 25 pa-
tients with trauma, acute hemor-
rhage, or both. They found no differ-
ences in cardiac index, heart rate, or left
ventricular stroke index between the
groups. Johnson et al23 compared a lib-
eral transfusion strategy (hematocrit of
32%) vs a conservative strategy (he-
matocrit of 25%) in 38 patients under-
going elective CABG. They found no
adverse effects with the conservative
strategy and reported better exercise tol-
erance in this group. Bush et al24 pre-
operatively randomized 99 patients
undergoing elective aortic and infrain-
guinal arterial reconstruction proce-
dures to receive either a liberal trans-
fusion strategy (maintain a hemoglobin
level �10 g/dL) or a restrictive strat-
egy (transfusion only for hemoglobin
level �9.0 g/dL). In an intention-to-
treat analysis, there was no difference
in myocardial ischemia, MI, or death be-
tween the strategies.

The largest trial to date comparing
aggressive and conservative transfu-
sion strategies randomized 838 criti-
cally ill patients to a restrictive trans-
fusion strategy (transfusion for
hemoglobin �7.0 g/dL) or a liberal
strategy (transfusion for hemoglobin
�10.0 g/dL).8 In an intention-to-treat
analysis, there was no difference in 30-
day all-cause mortality between the 2
groups. There also were significantly
more MIs and cases of pulmonary
edema with the liberal transfusion strat-
egy. When the subgroup of patients
with coronary artery disease was ana-
lyzed separately, there was no differ-
ence in 30-day mortality between the
study groups.9 Further post hoc analy-
sis of patients with MI and unstable an-
gina revealed a trend toward better sur-
vival with maintenance of a higher
hematocrit level, but this finding was
not statistically significant. Our study,
which was much larger, had the statis-
tical power to determine the associa-
tion between transfusion and out-

come in patients with ischemic heart
disease and supports the results ob-
served in the randomized trial.

There are several limitations to our
study. First, our study was a post hoc
analysis of prospectively collected
data within the context of multiple
clinical trials. As such, transfusion
was a postrandomization event and
any attempt to draw associations
between postrandomization variables
and outcome has the potential for
bias. Indeed, one reason transfusion
was associated with a worse outcome
was that all of the bias could not be
adjusted for in the analysis. Although
we repeated the analysis using several
rigorous statistical methods and
found similar results, there may still
be unmeasured confounders that
might account for the finding of
increased mortality with transfusion.
Second, we could not explore the
indications for or the appropriateness
of blood transfusion in our analyses
because this information was not cap-
tured in our database. Third, the
patients in our study were all partici-
pants in a clinical trial and therefore
may not reflect the real-world popula-
tion of patients with ACS, which may
include patients with different comor-
bidities in whom transfusion deci-
sions may be more complicated.
Finally, because our study was not
randomized, it should not be consid-
ered as evidence to change practice;
rather, it should be considered as evi-
dence that caution is warranted when
making transfusion decisions.

CONCLUSION
In our study, blood transfusion in the
setting of ACS was associated with an
increased risk of short-term mortality.
This risk persisted despite adjustment
for patient characteristics, including
baseline and nadir hematocrit, bleed-
ing, and in-hospital procedures. Given
the disparity in results between our
study and other observational studies
of transfusion and outcome, a random-
ized trial of transfusion strategies in ane-
mic patients with ACS is warranted to
guide clinical practice. Until then, we
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caution against the routine use of blood
transfusion to maintain arbitrary he-
matocrit levels in stable patients with
ischemic heart disease.
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