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Summary
Studies have shown poor prognostic implications of
anemia in patients with myocardial infarction (MI) and in
patients undergoing percutaneous coronary intervention
(PCI). The impact of blood transfusion in these populations remains controversial. The objective of this study
was to examine the effect of transfusion on in-hospital
mortality in anemic patients undergoing PCI for MI.
Data from 67,051 PCIs (June 1, 1997 to January 31,
2004) were prospectively collected in a multicenter registry (Blue Cross Blue Shield of Michigan Cardiovascular Consortium). Of these, 4,623 patients who were
classified as anemic according to the World Health Organization criteria underwent PCI within 7 days of presentation with acute MI. A propensity score for being
transfused was estimated for each patient, and propensity
matching and a prediction model for in-hospital death
were developed.
The average age was 67.8 years, 57.7% of patients
were men, and 22.3% of patients received a transfusion
during hospitalization. Transfused patients, compared to
nontransfused patients, were more likely to be older,
female, have lower preprocedure hemoglobin levels,
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more comorbidities, and a higher unadjusted in-hospital
mortality rate (14.52% vs. 3.01%, p < 0.0001). After
adjustment for comorbidities and propensity for transfusion, blood transfusion was associated with a higher
risk of in-hospital mortality (adjusted odds ratio = 2.02,
95% confidence interval 1.47–2.79, p < 0.0001).
In anemic patients undergoing PCI for MI, transfusion
was associated with an increased crude and adjusted rate
of in-hospital mortality. A randomized controlled trial
is needed to determine the value of transfusion and the
ideal transfusion criteria.
Key words: blood transfusion, myocardial infarction,
percutaneous coronary intervention, mortality
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Introduction
Previous studies have explored the effect of anemia
on outcomes in patients undergoing PCI. Decreased
hemoglobin levels prior to the procedure have been
associated with increased in-hospital mortality in PCI
patients.1,2
Other studies have examined the outcomes of transfusing critically ill patients and patients with cardiovascular
disease (CVD). A randomized controlled trial evaluated
transfusing critically ill patients to maintain a 10.0–12.0
g/dL hemoglobin level (liberal strategy) compared with
a conservative strategy of maintaining hemoglobin levels between 7.0 and 9.0 g/dL. The trial found that a
conservative strategy trended toward resulting in lower
in-hospital mortality rates.3 This study was both disputed and confirmed by observational studies. Vincent
et al.4 found that 28-day mortality rates were significantly higher in transfused critically ill patients, while
Wu et al.5 found that transfusion was associated with
lower 30-day mortality rates in elderly patients with
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acute MI. Finally, a recent analysis of acute coronary
syndrome (ACS) patients from three major, randomized,
controlled trials found that blood transfusion was associated with significantly higher 30-day mortality, even
after adjustment for predictive variables.6
Despite this body of research, no studies have examined outcomes of transfusions in patients with MI and
with anemia undergoing PCI. Thus, we sought to examine the effects of transfusions on in-hospital mortality in
anemic patients undergoing PCI within 7 days of having
an MI.

vascular disease. Vascular complications were defined
as any complication including pseudoaneurysm, arteriovenous fistula, femoral neuropathy, retroperitoneal
hematoma, hematoma at the access site requiring transfusion/prolonged hospital stay/causing a drop in hemoglobin >3.0 g/dL, or any access site complication requiring surgical repair.
Statistical Analysis

Discrete variables were analyzed using Chi-square
tests or Fisher’s exact tests, while continuous variables
were analyzed using Student’s t-tests.

Methods
Data from 67,051 PCIs, performed between June 1,
1997 and January 31, 2004, were prospectively collected
in a multicenter registry of contemporary PCIs (the Blue
Cross Blue Shield of Michigan Cardiovascular Consortium—BMC2 ) using a standardized data collection form
and standardized definitions. Details of the data collection and quality assurance processes have been reported
elsewhere.7,8 In brief, data forms were reviewed for
accuracy and completeness and any incomplete form was
returned to the collecting site for clarification. In addition, all centers were audited twice a year. During the
site visit, 2% of randomly selected cases and all major
endpoints were reviewed.
The study population consisted of 21,521 patients
undergoing PCI within 7 days of having an MI. Of these
patients, 4,313 patients were excluded from the initial
analysis because preprocedure hemoglobin and/or nadir
hemoglobin values were missing. Another 31 patients
were excluded because they had hemoglobin values that
were thought to be implausible (<5 g/dL and >20 g/dL).
Thus, 17,177 patients undergoing PCI within 7 days from
an MI remained. Of these 17,177 patients, 4,623 patients
(26.9%) had anemia prior to PCI and were the subject
of this analysis.
To ensure that exclusion of patients with missing
preprocedure and/or nadir hemoglobin values did not
bias the results, an additional analysis was performed on
the overall patient population, after imputation of missing
hemoglobin values using linear regression analysis.
Patients were classified as anemic according to the
WHO criteria.9 According to this definition, men with
preprocedure hemoglobin <13 g/dL and women with
preprocedure hemoglobin <12 g/dL were classified as
anemic. The median nadir hemoglobin in this group was
10 g/dL. To determine the impact of nadir hemoglobin
on receiving a postprocedure transfusion, a dichotomous
variable was created using the median value (1 10
g/dL; 0 10 g/dL).
Transfusion was defined as postprocedure transfusion
of red blood cells, platelets, fresh frozen plasma, or
whole blood. Extra-cardiac vascular disease was defined
as a history of cerebrovascular disease or peripheral

Propensity Matching

Demographics, comorbidities, in-hospital characteristics, and outcome differences between transfused anemic patients and nontransfused anemic patients were
controlled for using propensity matching. Propensity
matching uses logistic regression analysis to assign a
propensity score between 0 and 1 for receiving a treatment vs. not receiving a treatment. Patients are then
matched on the propensity score, thereby creating an
equivalent treatment and control group.10,11 We used
this method to assign a propensity score to each patient,
representing the relationship between undergoing a transfusion and the demographic, historical, in-hospital risk
factors and outcomes included in the logistic regression model. The score was then used to match transfused anemic patients to nontransfused anemic patients
by employing a greedy matching protocol (available at:
http://www2.sas.com/proceedings/sugi26/p214-26.pdf).
In this way, the independent variables used to determine
the propensity score were equalized between the transfused anemic and nontransfused anemic populations.
The variables included in the logistic regression model
used to determine the propensity score included gender,
age, nadir hemoglobin, history of smoking, hypertension,
congestive heart failure (CHF), gastrointestinal bleeding, extra-cardiac vascular disease, renal failure requiring
dialysis, diabetes, chronic obstructive pulmonary disease
(COPD), atrial fibrillation, cardiac arrest, previous MI,
previous PCI, and previous coronary artery bypass grafting (CABG). In-hospital characteristics and outcomes
were also matched, including creatinine  2 mg/dL, creatinine between 1.5 and 2 mg/dL, CHF on admission, left
ventricular ejection fraction <40%, undergoing a rescue
PCI after failed thrombolysis, undergoing an emergency
PCI, having an acute MI, cardiogenic shock, MI with
ventricular tachycardia or fibrillation, in-hospital cardiac arrest, aspirin prior to procedure, intravenous heparin prior to procedure, low-molecular-weight heparin
(LMWH) prior to procedure, ticlopidine or clopidogrel
prior to procedure, and any glycoprotein (GP) IIb/IIIa
receptor blocker. Postprocedural vascular complication,
emergency CABG, and any CABG were also matched.
Clinical Cardiology DOI:10.1002/clc
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Multivariate Analysis

To further evaluate the role of potential confounders
on receiving transfusions and in-hospital mortality in
anemic patients with MI undergoing PCI, multivariate
models with outcome transfusion and in-hospital death
were developed. Variables with univariate p-values  0.2
were included for selection into the stepwise multivariate regression models. Candidate variables in the transfusion model included gender, age, hemoglobin levels,
history of smoking, history of hypertension, history of
diabetes, history of CHF, history of extra-cardiac vascular disease, history of gastrointestinal bleeding, history of COPD, history of atrial fibrillation, history of
renal failure requiring dialysis, history of cardiac arrest,
prior MI, prior PCI, prior CABG, cardiogenic shock,
MI with ventricular tachycardia or fibrillation, left ventricular ejection fraction <40%, emergency PCI, acute
MI, cardiac arrest, rescue PCI after failed thrombolysis,
creatinine  2 mg/dL, creatinine between 1.5 and 2 g/dL,
CHF on admission, aspirin prior to procedure, heparin
prior to procedure, LMWH prior to procedure, ticlopidine/clopidogrel prior to procedure, and GP IIb/IIIa
receptor blocker any time. The in-hospital mortality models included a propensity score for undergoing transfusion as a variable in the model. The propensity score
was developed using the same variables included in the
transfusion model described above. Other candidate variables in the in-hospital mortality model included gender,
age, postprocedure transfusion, history of smoking, history of hypertension, history of diabetes, history of CHF,
history of extra-cardiac vascular disease, history of gastrointestinal bleeding, history of renal failure requiring
dialysis, history of COPD, history of cardiac arrest, prior
MI, prior PCI, prior CABG, CHF on admission, cardiogenic shock, MI with ventricular tachycardia or fibrillation, left ventricular ejection fraction <50%, emergency
PCI, rescue PCI after failed thrombolysis, acute MI, and
creatinine  1.5 mg/dL. SAS versus 8.2 was used for
statistical analysis (Cary, NC).

Results
The average age of anemic patients undergoing PCI
within 7 days of an MI was 67.8 years and 57.7%
were men. A transfusion was given to 22.3% (n =
1,033) of the population. Transfused patients were more
likely to be older, female, have lower preprocedure
hemoglobin levels, and have more comorbidities compared with nontransfused patients (Table 1). Transfused
patients were also significantly more likely to have cardiogenic shock, MI complicated by ventricular tachycardia or fibrillation, diminished ejection fraction, cardiac
arrest, acute MI, or CHF on admission. Patients treated
with a transfusion were also twice as likely as nontransfused patients to have creatinine  2 mg/dL (18.10% vs.
9.05%, p < 0.0001).
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Medication use also differed between the transfused
and nontransfused anemic patient groups (Table 2).
Patients who were not treated with a transfusion were
more likely to be given aspirin prior to PCI or have GP
IIb/IIIa receptor blockers used at any time during the
procedure.
Transfused patients had significantly worse outcomes
compared with nontransfused patients (Table 2). Transfused patients were more likely to have an emergency
CABG after PCI (3.78% vs. 0.11%, p < 0.0001), any
CABG after PCI (8.42% vs. 0.47%, p < 0.0001), stroke
(2.42% vs. 0.84%, p < 0.0001), and vascular complication after PCI (16.65% vs. 1.81%, p < 0.0001). The
unadjusted mortality rate in transfused anemic patients
was nearly five times greater than the mortality rate in
nontransfused patients (14.52% vs. 3.01%, p < 0.0001).
Propensity-Matched Analysis

Demographics, comorbidities, in-hospital characteristics, medication use, and selected outcomes after propensity matching are displayed in Table 3. A total of 598
transfused anemic patients were matched with 598 nontransfused anemic patients. After propensity matching,
there were no differences in age, gender, comorbidities,
medication use, or in-hospital characteristics between
transfused and nontransfused patients (all p > 0.15). Vascular complications, emergency CABG, and any CABG
following PCI were also matched to account for transfusions treating significant blood losses (all p > 0.20).
After propensity matching, transfused patients continued to have a significantly higher in-hospital mortality
rate compared with nontransfused patients (12.71% vs.
7.36%, p = 0.0021). There was no difference in the rates
of postprocedure stroke/transient ischemic attack or reinfarction (Fig. 1).
Multivariate Regression Modeling

As shown in Table 4, independent predictors for
receiving a transfusion included nadir hemoglobin lessthan or equal to the median, CHF on admission, history
of gastrointestinal bleeding or COPD, cardiogenic shock,
emergency PCI, and acute MI. The c-statistic for the
model was 0.85, indicating excellent model discrimination and the Hosmer-Lemeshow chi square was not
significant (p = 0.98), indicating excellent fit by deciles.
After adjustment for comorbidities and propensity
score, receiving a blood transfusion was identified as an
independent predictor of in-hospital death (adjusted OR
2.04, 95% CI 1.43–2.93, Table 5). For this model, the
c-statistic was 0.87 and the Hosmer-Lemeshow test pvalue was 0.41. After addition to the patient population
of patients for whom preprocedure or nadir hemoglobin
values were initially missing, and were imputed for the
purpose of the analysis, receiving a blood transfusion
remained an independent predictor of in-hospital death
(adjusted OR 2.07, 95% CI 1.46–2.93, p < 0.001).
Clinical Cardiology DOI:10.1002/clc
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TABLE 1

Demographics, comorbidities and in-hospital characteristics in anemic patients with myocardial infarction

Variable

Transfused
n = 1,033

Not transfused
n = 3,590

p-Value

70.21 (12.20)
53.34

67.13 (12.72)
39.19

< 0.0001
< 0.0001

20.18
78.61
40.76
26.14
36.59
13.94
25.65
13.75
3.78
38.82
28.94
17.04

26.18
72.90
36.27
18.33
26.57
4.60
18.33
11.00
2.70
36.69
29.28
20.42

0.0004
0.0002
0.0086
< 0.0001
< 0.0001
< 0.0001
< 0.0001
0.0153
0.0720
0.2111
0.8367
0.0160

10.47 (1.28)
23.04
9.00
34.75
9.29
51.98
50.53
39.59
18.10

11.35 (1.04)
5.26
4.87
22.92
5.65
27.30
32.73
21.36
9.05

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

Demographics
Age (mean [SD])
Female gender
Comorbidities
Current smoker
Hypertension
Diabetes
Congestive heart failure
Extra-cardiac vascular disease
Gastrointestinal bleeding
COPD
Atrial fibrillation
Cardiac arrest
Prior myocardial infarction
Prior PCI
Prior CABG
In-hospital
Preprocedure hemoglobin (g = dL)
Cardiogenic shock
Myocardial infarction with VT/VF
Ejection fraction <40%
Cardiac arrest
Emergent PCI
Acute myocardial infarction
Congestive heart failure on admittance
Creatinine ≥2.0

Values presented as percentages unless otherwise noted. Abbreviations: CABG = coronary artery bypass graft; COPD = chronic
obstructive pulmonary disease; PCI = percutaneous coronary intervention; SD = standard deviation; VF = ventricular fibrillation;
VT = ventricular tachycardia.

Discussion
The results of this analysis suggest that blood transfusion in anemic patients undergoing PCI within 7 days
of an MI was associated with a higher rate of in-hospital
death. The increase in risk of mortality associated with
transfusion was present after adjustment for comorbidities, in-hospital characteristics, and propensity score for
transfusion. Furthermore, similar results of increased
risk of mortality associated with blood transfusion were
found after analysis of propensity-matched groups.
Preprocedure anemia is a highly prevalent occurrence
in MI patients undergoing PCI, affecting over a quarter of
the study sample in this analysis. Previous studies have
verified these results finding 20–30% of the PCI population to be classified as anemic.1 Given the substantial
prevalence of anemia in this population, presumably the
use of blood transfusion would also be high. In fact, 22%
of patients in this analysis received a post-PCI blood
transfusion. Other studies have indicated high rates of
blood transfusion, suggesting that 85% of patients who
are hospitalized in the intensive care unit for a week
receive blood and 16 and 27% of patients in the medical

or surgical intensive care unit, respectively, are transfused on any given day.12 Given these large numbers,
the benefits and/or risks associated with blood transfusion warrant consideration.
The value of blood transfusion in critically ill, cardiac surgical patients is widely debated. A growing body
of literature suggests that patients may be able to withstand substantially reduced hemoglobin levels without
being transfused. Hébert et al.3 compared a liberal transfusion policy (maintaining hemoglobin between 10.0 and
12.0 g/dL) with a conservative transfusion policy (maintaining hemoglobin between 7 and 8 g/dL), with use of
blood transfusion if hemoglobin levels fell below the
group’s threshold level. The authors reported a nonsignificant trend toward reduced 30-day mortality in the
conservative transfusion group. In addition, 30-day mortality was also significantly lower in patients younger
than 55 years and patients with APACHE II scores
of  20. Studies of surgical patients have shown similar
results. An analysis of relatively ill and elderly patients
(mean age of 80 years) undergoing surgical repair for
a fractured hip analyzed 30- and 90-day mortality in
patients with similar hemoglobin levels who received a
Clinical Cardiology DOI:10.1002/clc
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Medication use and outcomes in anemic patients with myocardial infarction

Variable
Medication use
Aspirin prior to procedure
Intravenous heparin prior to procedure
Low-molecular-weight heparin prior to procedure
Ticlopidine/clopidrogrel preprocedure
Glyocoprotein IIb/IIIa inhibitors
Outcomes
Any CABG
Emergency CABG
Stroke/transient ischemic attack
Vascular complications
MACE
Death

Transfused
n = 1,033

Not transfused
n = 3,590

p-Value

85.96
67.28
8.13
37.75
69.41

92.37
69.64
7.16
40.45
73.48

< 0.0001
0.14
0.29
0.12
0.0097

8.42
3.78
2.42
16.65
20.81
14.52

0.47
0.11
0.84
1.81
5.13
3.01

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

Values presented as percentages. Abbreviations: CABG = coronary artery bypass graft; MACE = major adverse cardiac events is
a composite outcome including death, emergency CABG, stroke, and myocardial infarction.

p=0.0021
14

Transfused
Not transfused-propensity matched

12.71

12
Percentage

postoperative (within 7 days of surgical repair) transfusion compared with those who did not. Patients with
hemoglobin levels as low as 8.0 g/dL who were transfused showed no reduction in 30- or 90-day mortality
compared with patients with hemoglobin levels as low
as 8.0 g/dL who were not transfused. Analysis below 8.0
g/dL could not be undertaken due to small sample size.13
These data suggest that the human body may be more
resilient than previously believed and that blood transfusion may not be necessary until (and if) severe anemia
presents.
Observational studies have also weighed in on the
issue. Vincent et al.4 showed blood transfusions to be
associated with increased 28-day mortality and reduced
organ function in critically ill patients and Rao et al.6
found an association between blood transfusion and
increased mortality rates in patients with ACS. Contradicting these studies, a third large observational study
found that transfusion was associated with lower 30-day
mortality rates in patients with MI.5
The cause for the increased risk of death associated
with blood transfusion remains unclear. Previous analyses have shown an increased risk of developing acute
respiratory distress syndrome in critically ill patients
who received packed red blood cell transfusions. Furthermore, a dose–response relationship was found with
a proportional increase in risk with increasing number
of units transfused.14 Other studies have shown a sixfold higher rate of nosocomial infections in critical care
patients transfused with red blood cells vs. those patients
who were not. Again, a dose–response relationship was
seen with the odds of developing nosocomial infection
increasing by a factor of 1.5 with each unit transfused.15
Furthermore, case studies have implicated blood transfusions in the development of reversible posterior leukoencephalopathy syndrome and irreversible bilateral occipital lesions consistent with cortical laminar necrosis.16

10
8

7.36

6

p=0.62
p=1.00

4

2.01

2
0

Death

2.01

Stroke/TIA

3.34

2.84

Post-procedure MI

Outcomes after propensity matching of transfused
and nontransfused patients. MI = myocardial infarction,
TIA = transient ischemic attack.

FIG. 1

Beyond these risks, blood transfusions always carry a
small risk of viral transmission, bacterial contamination,
or hemolytic reactions.17
The mechanism causing some of these adverse reactions seems diffuse and systemic. Blood transfusions
may cause a systemic inflammatory response, induce
nonspecific immunosuppression, and may cause tissue
hypoxemia by occluding microvasculature. Transfusion
has also been shown to increase suppressor T lymphocytes and the natural killer cell function, while decreasing monocyte and macrophage activity. Red blood cell
transfusion may also cause immune cell allergy and
clonal deletion.12 This immunomodulation may be an
underlying factor in the increase in nosocomial infection rates associated with blood transfusion. Some have
also suggested that blood-donor antibodies can cause
the recipient’s neutrophils to react, leading to increased
pulmonary microcirculation permeability and to acute
lung injury.17 Thus, the mechanisms underlying adverse
Clinical Cardiology DOI:10.1002/clc
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Demographic and clinical characteristics in anemic patients with myocardial infarction after propensity matching

Variable
Demographics
Age 60–69
Age 70–79
Age >80
Female gender
Comorbidities
Current smoker
Hypertension
Diabetes
Congestive heart failure
Extra-cardiac vascular disease
Gastrointestinal bleeding
COPD
Atrial fibrillation
Cardiac arrest
Prior myocardial infarction
Prior PCI
Prior CABG
Renal failure requiring dialysis
In-hospital
Nadir hemoglobin ≤ mediana
Cardiogenic shock
Myocardial infarction with VT/VF
Ejection fraction <40%
Cardiac arrest
Emergent PCI
Acute myocardial infarction
Congestive heart failure on admittance
Rescue PCI
Creatinine ≥ 2.0 mg/dL
Creatinine 1.5–2 mg/dL
Aspirin prior to procedure
Heparin prior to procedure
Low-molecular-weight heparin prior to procedure
Ticlopidine/clopidrogrel prior to procedure
Any glycoprotein IIb/IIIa inhibitor
Vascular complication
Emergency CABG
Any CABG

Transfused
n = 598

Not transfused
n = 598

p-Value

21.91
32.78
23.58
54.84

22.24
33.78
24.08
52.51

0.89
0.71
0.84
0.91

21.40
77.59
41.81
25.42
35.45
9.87
21.74
12.88
4.01
40.47
29.93
19.23
6.19

21.91
79.26
41.97
27.42
36.79
11.04
24.58
12.71
3.34
40.30
31.44
20.74
6.52

0.83
0.48
0.91
0.43
0.63
0.51
0.24
0.93
0.54
0.95
0.57
0.52
0.81

87.79
14.88
6.52
32.61
8.53
45.48
45.32
35.12
7.02
16.39
17.22
87.79
67.22
7.36
36.96
70.40
8.03
1.34
3.68

89.30
13.88
6.02
30.43
6.52
42.31
41.81
37.46
7.69
17.73
17.06
88.96
65.38
8.03
37.29
67.39
6.35
0.67
2.51

0.41
0.62
0.72
0.42
0.18
0.27
0.22
0.40
0.66
0.54
0.94
0.53
0.50
0.66
0.90
0.26
0.26
0.25
0.24

Values presented as percentages. a Median nadir hemoglobin = 10.0 g/dL. Abbreviations: CABG = coronary artery bypass graft;
COPD = chronic obstructive pulmonary disease; PCI = percutaneous coronary intervention; VF = ventricular fibrillation; VT =
ventricular tachycardia.

outcomes after blood transfusion seem to affect many
physiologic systems which are not yet fully understood.
If transfusion of red blood cells carries substantial
risks and the body can function at lower hemoglobin levels without increases in adverse outcomes, then reducing
the number and frequency of transfusions seems a worthy goal. Guidelines exist to guide physicians and their
use of transfusion; however, studies have demonstrated
that these guidelines are often not followed.18 – 21 Despite
these challenges, recent evidence suggests that relatively
simple strategies can be effective in changing physician

behavior and reducing blood use. Creating simple transfusion guidelines and transfusion use audit procedures
with feedback and approval, creating forms that outline criteria for transfusion, and educating the individual
provider or group are all strategies that can promote more
appropriate use of blood transfusion.22
Alternatives to transfusion may show promise and provide increased safety and efficacy. Recombinant human
erythropoietin has been shown to increase hemoglobin
levels more than traditional blood transfusions when used
in critically ill patients, with no difference in adverse
outcomes or 28-day mortality rates.23,24 Interestingly,
Clinical Cardiology DOI:10.1002/clc
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Independent predictors for receiving a postprocedure blood transfusion

Variable
Female gender
Age 70–79
Age ≥ 80
Nadir hemoglobin below the mediana
Congestive heart failure on admittance
History of gastrointestinal bleeding
History of COPD
History of atrial fibrillation
Cardiogenic shock
MI with VT/VF
Emergency PCI
Acute MI
Creatinine 1.5–2 mg/dL
Creatinine ≥ 2 mg/dL

Adjusted odds ratio

95% confidence interval

1.16
1.25
1.35
16.00
1.44
2.34
1.35
0.77
2.37
1.36
1.75
1.34
1.21
1.51

0.98–1.38
0.99–1.58
1.05–1.75
12.39–20.65
1.20–1.74
1.76–3.11
1.10–1.65
0.60–1.00
1.82–3.10
0.96–1.92
1.41–2.18
1.09–1.66
0.96–1.53
1.18–1.92

p-Value
0.0871
0.0566
0.0198
< 0.0001
0.0001
< 0.0001
0.0037
0.0486
< 0.0001
0.0883
< 0.0001
0.0066
0.1133
0.0009

hemoglobin median = 10.0 g/dL. Abbreviations: COPD = chronic obstructive pulmonary disease; MI = myocardial
infarction; PCI = percutaneous coronary intervention; VF = ventricular fibrillation; VT = ventricular tachycardia.

a Nadir

TABLE 5

Independent predictors of in-hospital mortality

Variable
Transfusion
Propensity score
Age ≥ 80
Female gender
History of
cardiac arrest
Cardiogenic shock
MI with VT/VF
Ejection
fraction <50%
Emergency PCI
Creatinine
≥ 1.5 mg/dL

Adjusted
odds ratio

95%
Confidence
interval

p-Value

2.02
1.28
2.12
0.73
1.78

1.47–2.79
1.12–1.46
1.38–3.26
0.54–0.99
1.01–3.13

< 0.0001
0.0003
0.0006
0.0395
0.0456

3.04
1.88

2.13–4.34
1.25–2.85

< 0.0001
0.0027

1.58
2.12

1.13–2.22
1.51–2.96

0.0082
< 0.0001

1.79

1.33–2.41

0.0001

Abbreviations: MI = myocardial infarction; VF = ventricular fibrillation; VT = ventricular tachycardia.

there was a nonsignificant trend toward lower rates
of intensive care unit admissions in the erythropoietin
group, suggesting increased safety with this product.
Another option may include cell-free hemoglobin solutions that have similar oxygen-carrying capacities as cellular hemoglobin.25 These alternatives need further study
to determine their true risks and benefits.
This study has several limitations. Owing to the structure of the data registry, we were unable to distinguish
the type of blood product that was transfused or the quantity transfused. However, our data audits suggest that
blood products other than red blood cells were extremely
rarely transfused. In addition, the structure of the registry did not allow discrimination between cardiac and
noncardiac cause of death. Furthermore, as with any

observational study, it is possible that we were unable
to adequately control all the variables that may influence the impact of transfusion on mortality. Therefore,
in addition to the multivariate analysis, propensity analysis and propensity matching were used to adjust for
as many of the differences between the two populations as possible, given the data available. Propensity
matching is essentially an analytical technique that creates a case-controlled population with nonstatistically
different characteristics. As such, propensity-matching
analysis has generally the same major limitation of casecontrolled studies: a large portion of the population is
excluded, and this portion might have different demographic, in-hospital, and treatment characteristics when
compared with the population included in the analysis.
Therefore, bias might be introduced into the propensitymatching analyses. However, in our study the results of
the propensity-matching analysis agreed with the multivariate analysis (which are of cohort study design) and
therefore, the bias involved in the propensity-matching
analyses was likely small.
In conclusion, in anemic patients undergoing PCI
within 7 days of an MI, transfusion was associated with
an increased rate of in-hospital mortality in a propensitymatched and multivariate analysis. A randomized controlled trial is needed to determine the value of transfusion and ideal transfusion criteria.
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