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BSTRACT

 

Background

 

Anemia may have adverse effects in
patients with coronary artery disease. However, the
benefit of blood transfusion in elderly patients with
acute myocardial infarction and various degrees of
anemia is uncertain.

 

Methods

 

We conducted a retrospective study of
data on 78,974 Medicare beneficiaries 65 years old or
older who were hospitalized with acute myocardial in-
farction. Patients were categorized according to the
hematocrit on admission (5.0 to 24.0 percent, 24.1 to
27.0 percent, 27.1 to 30.0 percent, 30.1 to 33.0 percent,
33.1 to 36.0 percent, 36.1 to 39.0 percent, or 39.1 to
48.0 percent), and data were evaluated to determine
whether there was an association between the use of
transfusion and 30-day mortality.

 

Results

 

Patients with lower hematocrit values on
admission had higher 30-day mortality rates. Blood
transfusion was associated with a reduction in 30-day
mortality among patients whose hematocrit on admis-
sion fell into the categories ranging from 5.0 to 24.0
percent (adjusted odds ratio, 0.22; 95 percent confi-
dence interval, 0.11 to 0.45) to 30.1 to 33.0 percent (ad-
justed odds ratio, 0.69; 95 percent confidence interval,
0.53 to 0.89). It was not associated with a reduction in
30-day mortality among those whose hematocrit val-
ues fell in the higher ranges. In one of seven subgroup
analyses (among patients who survived at least two
days), transfusion was not associated with a reduction
in mortality for patients with hematocrit values of 30.1
percent or higher.

 

Conclusions

 

Blood transfusion is associated with
a lower short-term mortality rate among elderly pa-
tients with acute myocardial infarction if the hemato-
crit on admission is 30.0 percent or lower and may be
effective in patients with a hematocrit as high as 33.0
percent on admission. (N Engl J Med 2001;345:1230-6.)
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NEMIA is common in the elderly, occur-
ring in 24 to 40 percent of hospitalized
patients older than 65 years of age.

 

1,2

 

 Al-
though patients with anemia who have cor-

onary artery disease or risk factors for coronary disease
have an increased risk of death in the short term,

 

3,4

 

 the
prognostic importance of anemia in patients who
present with acute myocardial infarction is not well
defined. Furthermore, there is uncertainty concerning
the appropriate role of blood transfusion. Whereas the
effectiveness of blood transfusion in patients with gas-
trointestinal hemorrhage,
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 in patients undergoing car-
diac
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 and noncardiac
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 surgery, and in critically ill pa-

A

 

tients

 

8

 

 is known, its role in patients with acute coro-
nary syndromes is inadequately characterized.
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 Current
recommendations are based primarily on expert opin-
ion, rather than on published evidence.

 

10-12

 

 We sought
to determine the risk associated with anemia in pa-
tients with acute myocardial infarction and the effec-
tiveness of blood transfusion in a national cohort of
elderly patients hospitalized with acute myocardial in-
farction.

 

METHODS

 

The Cooperative Cardiovascular Project

 

The Cooperative Cardiovascular Project (CCP) has been de-
scribed in detail elsewhere.

 

13

 

 Briefly, the CCP was a national pro-
gram of the Health Care Financing Administration (currently the
Centers for Medicare and Medicaid Services) that was developed
to improve the quality of care for Medicare beneficiaries with acute
myocardial infarction. The 234,769 patients in the CCP cohort
constitute a sample of beneficiaries of the fee-for-service program
of Medicare who were discharged from nongovernmental acute
care hospitals in the United States with a primary diagnosis at dis-
charge of acute myocardial infarction (code 410 of the 

 

Interna-
tional Classification of Diseases, 9th Revision, Clinical Modification

 

[ICD-9-CM]) between January 1994 and February 1995, exclud-
ing patients for whom the hospitalization had been a readmission
for acute myocardial infarction (ICD-9-CM code 410.x2).

 

14

 

Study Sample

 

Our cohort was restricted to patients 65 years of age or older
who were hospitalized with confirmed acute myocardial infarction.

 

13

 

We therefore excluded 17,593 patients younger than 65 years of age,
45,349 patients who did not have confirmed acute myocardial in-
farction on admission, and 23,773 patients who had been readmit-
ted for acute myocardial infarction. We also excluded 42,278 pa-
tients who had been transferred to the study hospital and 39,028
patients who were transferred from the study hospital to another
hospital, because we were unable to evaluate their full hospital
course. Since the principal focus of our analysis was the prognostic
importance of anemia complicating acute myocardial infarction and
the way in which transfusion modifies the risk of death, we exclud-
ed 12,453 patients who had a hematocrit above the upper limit
of normal (48 percent)
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 on admission, 11,799 patients for whom
no data were available on the hematocrit on admission, and 65 pa-
tients with implausible hematocrit values (lower than 5 percent)
on admission. We also excluded 4617 patients who had a document-
ed terminal illness or metastatic cancer, 46,235 patients who had
bleeding or hemorrhage within 48 hours before their hospitaliza-
tion or while they were hospitalized, and 20,724 patients who un-
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derwent open-heart surgery, including coronary-artery bypass graft-
ing, because of the presence of alternative clinical indications for
the use or withholding of blood transfusion. We also excluded 325
patients whose vital status could not be verified and 77 patients
whose date of discharge fell outside the study period. In total,
155,795 of the original 234,769 patients (66.4 percent) met one
or more criteria for exclusion; the 78,974 remaining patients (33.6
percent) constituted the study cohort.

 

Hematocrit Value on Admission

 

Patients’ hematocrit values on admission (the first measurement
taken within 24 hours after arrival at the hospital) were divided into
seven categories — 5.0 to 24.0 percent, 24.1 to 27.0 percent, 27.1
to 30.0 percent, 30.1 to 33.0 percent, 33.1 to 36.0 percent, 36.1 to
39.0 percent, and 39.1 to 48.0 percent — for the purpose of eval-
uating the associations among the hematocrit on admission, various
characteristics of the patient, and outcomes. Anemia was defined
according to the criteria of the World Health Organization
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 by a
hematocrit value on admission of less than 39 percent.

 

Blood Transfusion, In-Hospital Outcomes, 
and 30-Day Mortality

 

We classified patients as having received a transfusion if they re-
ceived whole blood or packed red cells at any point during their
hospitalization. The principal outcome was death within 30 days
after admission as ascertained from the Medicare Enrollment Da-
tabase.
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 In addition, we evaluated patients for in-hospital outcomes,
including the development of congestive heart failure, the occur-
rence of shock, and length of hospitalization.

 

Statistical Analysis

 

We first sought to determine the distribution of hematocrit values
on admission among elderly patients hospitalized with myocardial
infarction. The categories of hematocrit values were evaluated for
univariate associations with the demographic and clinical character-
istics of the patients. Continuous variables for which less than 10
percent of data were missing had the missing data replaced by me-
dian values; 0.6 percent of patients had missing data on mean heart
rate, 2.6 percent on arterial pressure, and 0.3 percent on white-cell
count. Categorical variables for which less than 10 percent of ob-
servations were missing had the missing variables coded as “not
present”; 0.5 percent of patients had missing data on whether they
had been admitted from a nursing home, 4.0 percent on peripheral
vascular disease, 4.0 percent on history of angina, 5.2 percent on
ventricular tachycardia, 7.0 percent on congestive heart failure, 2.5
percent on continence, 2.9 percent on mobility, and 2.3 percent
on renal insufficiency. Variables for which more than 10 percent of
observations were missing were not evaluated.

In the second phase of our study, we evaluated the associations
between the hematocrit value on admission and 30-day mortality
by means of chi-square analysis. Kaplan–Meier survival curves were
plotted for each group defined according to the hematocrit on ad-
mission.

The third phase of our study examined characteristics of the pa-
tients, the facilities, and the physicians and their associations with
the use of transfusion during hospitalization. For patients, the char-
acteristics we evaluated included demographic characteristics, med-
ical history, clinical presentation, and laboratory and electrocardio-
graphic findings at the time of admission. The characteristics of the
facility that we considered included the type of cardiac care facilities
available (no facilities for invasive cardiac procedures, a cardiac cath-
eterization laboratory only, or facilities for coronary-artery bypass
grafting), and the single characteristic of the physician that we con-
sidered was the specialty of the attending physician (cardiology, in-
ternal medicine, or other). The variables that were found by univari-
ate analysis to be associated with the use of transfusion were
incorporated into a stepwise logistic-regression model in which the
use of transfusion was the dependent outcome. The model was re-
fined by means of stepwise selection in which a P value of less than

0.005 was used as the criterion for inclusion in the model and a
P value of more than 0.001 was used as the criterion for removal
from the model.

Finally, we used chi-square analysis to evaluate the association be-
tween blood transfusion and 30-day mortality among groups de-
fined according to the hematocrit. Logistic-regression models were
used to determine the independent reduction in the risk of death
associated with the use of transfusion within each hematocrit cat-
egory. The model used clinical predictors of 30-day mortality in-
corporated in the Medicare Mortality Prediction System score,
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previously identified predictors of the use of blood transfusion, and
the therapies for acute myocardial infarction (primary reperfusion
therapy, aspirin, or beta-blockers) that were provided on admission.
Each model adjusted for clustering of patients according to hospital.

We also applied logistic-regression models to seven modified co-
horts to determine whether the estimated risks of death were par-
ticular to subgroups of patients. We repeated the analyses with the
patients stratified according to age (65 to 74 years old, 75 to 84
years old, or 85 years old or older) and sex to determine the con-
sistency of the effect among older patients, male patients, and fe-
male patients. We repeated the analyses after the exclusion of pa-
tients with do-not-resuscitate orders and patients who died on the
first day of hospitalization. Similarly, in order to ensure that the ef-
fects associated with transfusion were not attributable to the char-
acteristics of a particular clinical cohort, we repeated the analyses
after the exclusion of patients in whom shock developed during
hospitalization, those who were treated with thrombolytic agents
or underwent primary angioplasty, and those who had a history of
internal bleeding or a bleeding disorder. Since we could not deter-
mine when patients received their transfusions, it is conceivable that
transfusion may appear to be effective because patients who did
not receive a transfusion died before they were able to receive one.
We therefore repeated the analyses excluding the patients who died
within two days after admission.

All reported P values are two-sided. Analyses were performed
with the use of SAS software (version 6.12, SAS Institute, Cary,
N.C.) and Stata software (version 6.0, Stata, College Station, Tex.).

 

RESULTS

 

Of the 78,974 patients in the study cohort,
34,275 (43.4 percent) had a hematocrit of 39.0 per-
cent or lower on admission; 3324 of the patients in
the cohort (4.2 percent) had a hematocrit of 30.0 per-
cent or lower on admission. Patients with lower hem-
atocrit values on admission were more likely to have
a history of internal bleeding, to have recently under-
gone surgery or to have had trauma, and to have more
coexisting conditions. They were also more likely to
present with cardiac arrest or shock, to have a do-not-
resuscitate order, to have a higher heart rate, and to
have lower mean arterial pressure and were less likely
to have infarctions with ST-segment elevation. Primary
reperfusion, beta-blockers, and aspirin were used less
frequently in patients with lower hematocrit values on
admission (Table 1).

Lower hematocrit values were associated with more
frequent in-hospital events, including shock, heart fail-
ure, and death, and with an increased length of stay
(Table 2). Crude 30-day mortality rates were highest
among the patients whose hematocrit values on ad-
mission were in the lowest category and steadily de-
clined with increasing hematocrit values (Fig. 1).

A total of 3680 patients (4.7 percent) received a
blood transfusion during hospitalization. The rate of
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use of transfusion was highest (71.3 percent) among
patients with the lowest hematocrit values on admis-
sion (5.0 to 24.0 percent) and steadily decreased with
higher hematocrit values (Table 2). Independent pre-
dictors of the use of transfusion in this cohort were
female sex (odds ratio for the use of transfusion, 1.65),
history of internal bleeding (odds ratio, 1.63), previ-
ous angioplasty (odds ratio, 1.27), recent trauma or

surgery (odds ratio, 1.68), renal insufficiency (odds
ratio, 3.28), peripheral vascular disease (odds ratio,
1.25), a higher score on the Acute Physiology and
Chronic Health Evaluation (APACHE II) (odds ratio,
1.04 per increase of 1 point), a mean arterial pressure
of less than 70 mm Hg (odds ratio, 1.52), congestive
heart failure (odds ratio, 1.27), the type of hospital
cardiac care facilities (odds ratio, 1.22 for hospitals

 

*Plus–minus values are means ±SD. CABG denotes coronary-artery bypass grafting, PTCA percutaneous transluminal coronary angioplasty, and COPD
chronic obstructive pulmonary disease.

†P>0.05 for trend; all other trends were significant at P«0.05.

‡Higher scores on the Acute Physiology and Chronic Health Evaluation (APACHE II) indicate more severe illness.
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ATIENTS

 

(N=78,974)

 

5.0–24.0%
(

 

N

 

=380)
24.1–27.0%

(

 

N

 

=838)
27.1–30.0%
(

 

N

 

=2106)
30.1–33.0%
(

 

N

 

=4848)
33.1–36.0%
(

 

N

 

=9885)
36.1–39.0%
(

 

N

 

=16,218)
39.1–48.0%
(

 

N

 

=44,699)

Age (yr) 79.5±8.2 79.2±7.8 79.5±7.8 80.1±7.7 79.7±7.6 78.8±7.6 76.7±7.4 77.8±7.6

Female sex (%) 58.7 63.8 63.0 65.6 67.7 64.5 45.4 54.1

White race (%) 83.2 80.2 84.0 84.3 87.0 88.6 91.4 89.5

Medical history (%)
Active ulcer disease 
History of internal bleeding
Recent trauma, surgery, or biopsy
Peripheral vascular disease
Cigarette smoking
History of cerebrovascular disease

or stroke
History of myocardial infarction†
History of angina
CABG
PTCA

13.7
17.6
9.0

15.0
10.3
16.6

30.0
42.6
9.5
5.3

11.7
10.7
10.3
13.6
9.6

17.8

26.0
40.5
11.0
5.4

13.6
12.0
9.9

16.2
9.9

18.7

31.4
43.0
12.6
5.8

13.9
10.2
8.9

14.1
9.1

17.6

31.7
43.5
12.8
4.8

12.8
8.5
7.6

11.8
9.3

16.5

31.4
45.1
12.4
5.8

12.8
7.3
6.3

10.8
10.9
16.1

30.0
46.0
12.9
6.1

12.2
6.4
4.3
9.5

14.9
14.6

30.0
44.9
14.4
6.1

12.6
7.3
5.7

10.6
12.8
15.5

30.3
45.0
13.6
6.0

Clinical presentation
Cardiac arrest (%)
Shock (%)
Persistent angina (%)
Ventricular tachycardia (%)†

7.1
5.8

20.8
1.1

7.6
5.5

27.0
0.7

6.4
4.4

24.4
1.0

4.7
3.4

28.1
0.8

4.2
3.1

30.1
1.0

3.5
2.4

33.6
0.7

3.1
1.9

36.6
0.9

3.6
2.4

34.1
0.9

Infarction with ST-segment 
elevation (%)

19.0 22.4 22.6 24.5 25.9 27.4 30.0 28.3

Congestive heart failure (%) 48.4 48.6 44.0 41.3 35.4 30.2 27.2 30.4
Subendocardial infarction (%) 41.8 45.5 45.7 43.8 42.8 41.7 39.3 40.7
APACHE II score‡ 13.0±5.7 12.9±5.9 12.2±5.5 11.3±5.3 10.3±4.9 9.6±4.7 9.5±4.6 9.9±4.8
Arterial pressure (mm Hg) 91.0±22.7 92.6±22.4 94.4±22.2 95.9±21.2 97.3±21.0 100.3±20.5 104.7±20.9 101.9±21.2
Heart rate (bpm) 92.0±21.1 91.7±23.6 90.2±23.8 89.8±24.3 88.7±24.7 87.7±24.1 88.7±24.7 88.6±24.5
White-cell count (per mm

 

3

 

) 12,600±
8,400

11,400±
6,900

11,400±
5,900

10,900±
5,400

10,800±
5,200

10,700±
4,700

11,000±
4,700

10,900±
4,900

Coexisting conditions (%)
Limited mobility
Diabetes
COPD
Renal insufficiency
Hypertension

39.0
34.0
18.2
45.3
56.6

41.2
40.7
19.2
51.6
65.4

39.6
40.7
20.2
42.3
64.5

37.2
36.2
19.5
29.9
65.9

32.2
32.8
19.3
18.4
64.4

26.2
31.0
19.2
10.5
62.8

20.2
30.4
21.1
5.6

60.7

24.8
31.6
20.3
11.4
62.0

Do-not-resuscitate order (%) 22.1 20.4 19.5 16.8 14.0 11.7 8.8 11.0

Hospital facilities for cardiac care (%)
CABG suite
Catheterization laboratory only
No facilities for invasive procedures

36.1
25.5
38.4

40.3
19.3
40.3

34.3
24.6
41.1

37.1
22.8
40.1

37.6
22.3
40.1

37.6
22.3
40.2

39.3
21.9
38.8

38.4
22.2
39.4

Treated by a cardiologist (%) 19.7 22.4 23.1 25.2 28.0 29.8 33.2 30.9

Treatment during hospitalization (%)
Aspirin on admission
Beta-blockers on admission
Primary reperfusion therapy
Cardiac catheterization

49.7
23.4
5.3
9.7

57.8
27.3
4.3

10.4

61.1
28.5
5.3

10.5

67.6
33.5
7.4

14.6

72.8
38.1
8.9

18.2

76.4
42.6
12.3
22.8

80.3
46.8
17.3
29.4

76.9
43.2
14.1
24.9

PTCA 4.2 3.1 4.8 5.8 7.3 9.0 12.3 10.3
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with a cardiac catheterization laboratory; odds ratio,
1.48 for hospitals with facilities for coronary-artery
bypass grafting; and odds ratio, 1.00 for hospitals with
no facilities for invasive cardiac care [the reference cat-
egory]), the specialty of the physician (odds ratio, 1.08
for cardiologists; odds ratio, 1.25 for family physicians;

and odds ratio, 1.00 for internists [the reference cate-
gory]), the use of beta-blockers (odds ratio, 1.13), and
the use of primary reperfusion therapy on admission
(odds ratio, 1.62). Patients were less likely to receive
a transfusion if they were white (odds ratio, 0.79), had
cardiac arrest (odds ratio, 0.69), had a do-not-resusci-

 

*Plus–minus values are means ±SD.

†The assessment of the length of stay excluded patients who died during the hospitalization.
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=9885)
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=16,218)
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Length of stay (days)† 9.9±7.4 10.6±8.8 10.0±6.4 9.6±6.1 9.1±7.5 8.6±5.5 8.3±4.6 8.6±5.4 <0.001

In-hospital events (%)
Shock
Heart failure
Blood transfusion

15.0
61.1
71.3

10.3
63.0
53.6

10.9
63.0
30.2

9.5
58.3
12.6

8.6
51.6
5.6

7.5
45.1
2.8

6.2
40.5
1.6

7.2
44.8
4.7

<0.001
<0.001
<0.001

Mortality (%)
In-hospital
30-Day

33.2
38.7

30.3
35.2

31.2
35.9

25.7
30.0

21.7
25.6

17.6
20.9

14.6
17.2

17.5
20.6

<0.001
<0.001

 

Figure 1.

 

 Kaplan–Meier 30-Day Survival Curves According to Hematocrit Category.
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tate order (odds ratio, 0.70), or had been admitted
from a nursing home (odds ratio, 0.80).

The association between transfusion and outcomes
varied substantially according to the patient’s hema-
tocrit on admission. Transfusion was associated with
lower 30-day mortality among patients whose hem-
atocrit values on admission were 33.0 percent or low-
er but with increased 30-day mortality for patients
whose values were 36.1 percent or higher.

With or without adjustment for multiple variables,
the odds ratio for death among patients who received
a transfusion steadily increased with the admission
hematocrit value; the odds ratio was below 1.00 for
patients with hematocrit values of 33.0 percent or low-
er and above 1.00 for patients with hematocrit values
higher than 33.0 percent (Table 3). Additional analy-
ses indicated that the effectiveness of blood transfu-
sion was similar among patients with hematocrit levels
of 33.0 percent or lower when stratified according to
age or sex, as well as in the subgroups that excluded
patients who received primary reperfusion therapy,
those in whom shock developed during hospitaliza-
tion, those who had a history of internal bleeding or a
bleeding disorder, those with do-not-resuscitate or-
ders, or those who died on the first day of hospital-
ization.

The exclusion of the patients who died within two
days after admission eliminated the survival benefit as-
sociated with transfusion among patients with a hem-

atocrit level between 30.1 percent and 33.0 percent
(odds ratio, 0.98; 95 percent confidence interval, 0.76
to 1.25). However, transfusion was still associated with
a reduction in mortality among patients with a hem-
atocrit level of 24.0 percent or lower (odds ratio, 0.36;
95 percent confidence interval, 0.15 to 0.83), those
with a hematocrit level between 24.1 percent and 27.0
percent (odds ratio, 0.69; 95 percent confidence in-
terval, 0.47 to 1.01), and those with a hematocrit level
between 27.1 percent and 30.0 percent (odds ratio,
0.75; 95 percent confidence interval, 0.58 to 0.96).

 

DISCUSSION

 

Our data indicate a high prevalence of anemia
among elderly patients with acute myocardial infarc-
tion. In addition, we found that patients with anemia
had a higher 30-day mortality rate than nonanemic pa-
tients. Our data suggest that blood transfusion is effec-
tive in reducing the short-term mortality rate among
elderly patients with anemia who have acute myocar-
dial infarction if their hematocrit on admission is 30.0
percent or lower and may be effective for patients with
hematocrit levels as high as 33.0 percent.

The prevalence of anemia in our cohort was mark-
edly higher than the prevalence of 5 to 20 percent ob-
served in other studies

 

19-21

 

 but is similar to estimates in
other elderly populations without acute myocardial in-
farction.

 

1,2,22

 

 The large number of patients with anemia
highlights the need for data to guide treatment, espe-
cially because there are substantial variations among
hospitals in the rate of use of blood transfusion.

 

23,24

 

The 4.7 percent rate of use of transfusion in the CCP
is similar to the 5.4 percent rate reported among pa-
tients with cardiac conditions at county hospitals in
Minnesota

 

25

 

 and the 6.0 percent rate reported for
elderly patients in a German university hospital.

 

26

 

However, rates of use of transfusion in other hospital
surveys,

 

27

 

 clinical trials,

 

19,28

 

 and series in cardiac in-
tensive care units

 

4

 

 vary from 0.2 percent to 27.0 per-
cent. The high degree of variability in the rate of use
of transfusion is attributable to several factors, in-
cluding the lack of uniform criteria for transfusion
in patients with coronary disease, the varying types
and severity of cardiac and noncardiac disease in dif-
ferent study populations, and variability in other char-
acteristics of the patients enrolled in studies of the use
of transfusion. Although the rates of use vary, studies
consistently indicate a high rate of use of transfusion
among patients with ischemic heart disease, with such
patients accounting for as much as 14.3 percent of all
transfusions performed.

 

29

 

Previous analyses have provided contradictory find-
ings regarding the ideal hematocrit threshold at which
to initiate therapy. Studies in humans and animals have
shown that healthy hearts have a remarkable tolerance
for low hematocrit values (below 15 percent).

 

30-32

 

Nonetheless, compensatory mechanisms in patients
with low hematocrit values involve a decrease in the

 

*The odds ratios and 95 percent confidence intervals (CI) are for patients
who received a blood transfusion as compared with those who did not.

†The analysis was adjusted for the score on the Acute Physiology and
Chronic Health Evaluation (APACHE II), the presence or absence of a do-
not-resuscitate order on admission, the location of the myocardial infarc-
tion, the presence or absence of congestive heart failure, the mean arterial
pressure, the heart rate, and the presence or absence of renal insufficiency.

‡The analysis was adjusted for the variables used in the clinical adjust-
ment plus the use or nonuse of primary reperfusion therapy, the use or
nonuse of aspirin on admission, the use or nonuse of beta-blockers on ad-
mission, and predictors of the use of blood transfusion.
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DDS RATIO (95% CI) FOR DEATH WITHIN 30 DAYS*

UNADJUSTED

WITH ADJUSTMENT

FOR CLINICAL

FACTORS†

WITH ADJUSTMENT FOR 
CLINICAL FACTORS,
MEDICATION USE, 
AND PREDICTORS 
OF TRANSFUSION‡

5.0–24.0% 0.37 (0.23–0.59) 0.31 (0.17–0.55) 0.22 (0.11–0.45)

24.1–27.0% 0.42 (0.31–0.56) 0.48 (0.34–0.66) 0.48 (0.34–0.69)

27.1–30.0% 0.49 (0.40–0.61) 0.54 (0.43–0.69) 0.60 (0.47–0.76)

30.1–33.0% 0.62 (0.51–0.76) 0.64 (0.50–0.82) 0.69 (0.53–0.89)

33.1–36.0% 1.01 (0.83–1.23) 1.05 (0.82–1.32) 1.13 (0.89–1.44)

36.1–39.0% 1.43 (1.16–1.77) 1.25 (0.96–1.64) 1.38 (1.05–1.80)

39.1–48.0% 1.66 (1.40–1.97) 1.40 (1.13–1.72) 1.46 (1.18–1.81)
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coronary reserve, caused by an increase in the blood
flow at rest and a redistribution of the blood flow away
from the endocardium.30,31,33 Hébert and colleagues
found that short-term mortality was similar in patients
with noncardiac problems who had hematocrit values
of 27 percent after transfusion and in those who had
hematocrit values of 36 percent after transfusion.8,34

However, when coronary reserve is limited (for exam-
ple, by coronary stenosis), manifestations of myocardial
ischemia may occur with only mild anemia (a hem-
atocrit of 20 to 30 percent).35-37 In one study, the
risk of death in the hospital among patients with car-
diac disease was reduced when they were treated at
pretransfusion hematocrit values as high as 37.5 per-
cent.4 In addition, studies in patients with anemia with
and without concomitant renal insufficiency have sug-
gested that treatment with epoetin may be beneficial
in patients with heart failure, ischemic heart disease,
or both when used to achieve hematocrit values of
more than 30 percent.38-40

Confusion regarding the appropriate hematocrit lev-
els at which to initiate transfusion is also evident in the
published guidelines for blood transfusion,11,12 only
a few of which are directed toward the use of transfu-
sion in nonsurgical patients.10,41,42 The groups that
have addressed the role of transfusion in such patients
have uniformly agreed that transfusions should be
given to patients with hematocrit values lower than
21 percent, with allowance for transfusion at higher
hematocrit values in patients with coronary disease.
However, these guidelines do not propose a specific
value or range of values at which to consider transfu-
sion for patients with cardiovascular disease, citing the
lack of data to support recommendations for this pop-
ulation of patients.10 Our findings address this defi-
ciency by providing evidence of the effectiveness of
transfusion in elderly patients with acute myocardial
infarction whose hematocrit values are as high as 33.0
percent.

Although our study indicates that there is an overall
benefit of transfusion in patients with acute myocardial
infarction and anemia, patients who received transfu-
sions despite the fact that their hematocrit values on
admission were higher than 36.0 percent had a higher
risk of death within 30 days than patients with similar
hematocrit values who did not receive transfusions.
Very few patients with hematocrit values in this cate-
gory received transfusions, and we believe that the in-
creased risk of death within 30 days is attributable to
other events that occurred later during hospitalization,
that were not measured by our analyses, and that were
not associated with the hematocrit on admission. In
any case, as expected on the basis of clinical experience
and previous studies, we found no evidence that trans-
fusion would be beneficial for patients with a hema-
tocrit level greater than 33.0 percent.

Thus, our findings support the use of transfusion for
elderly patients with anemia and acute myocardial in-

farction. The use of the CCP data base in our study
allowed us to examine a large, broadly representative
population of elderly patients with acute myocardial
infarction and a wide spectrum of coexisting condi-
tions, such as is rarely seen in randomized trials. Al-
though this observational study cannot provide direct
evidence of a relation among transfusion, improvement
in the hematocrit, and outcome, our findings suggest
that the judicious use of transfusion in elderly patients
with myocardial infarction is associated with improved
outcomes for patients with hematocrit levels of 30.0
percent or lower and may be effective in patients with
a hematocrit level as high as 33.0 percent. Although
a randomized, controlled trial would be useful to con-
firm the validity of this threshold for transfusion, it is
unlikely that such a study will be conducted in the
near future. In the interim, a more aggressive use of
transfusion in the management of lower hematocrit
levels in elderly patients with acute coronary disease
may be warranted.
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