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Background: The benefits of anemia treatment in patients with
heart disease are uncertain.

Purpose: To evaluate the benefits and harms of treatments for
anemia in adults with heart disease.

Data Sources: MEDLINE, EMBASE, and Cochrane databases; clin-
ical trial registries; reference lists; and technical advisors.

Study Selection: English-language trials of blood transfusions, iron,
or erythropoiesis-stimulating agents in adults with anemia and con-
gestive heart failure or coronary heart disease and observational
studies of transfusion.

Data Extraction: Data on study design, population characteristics,
hemoglobin levels, and health outcomes were extracted. Trials were
assessed for quality.

Data Synthesis: Low-strength evidence from 6 trials and 26 ob-
servational studies suggests that liberal transfusion protocols do not
improve short-term mortality rates compared with less aggressive
protocols (combined relative risk among trials, 0.94 [95% CI, 0.61
to 1.42]; I2 � 16.8%), although decreased mortality rates occurred
in a small trial of patients with the acute coronary syndrome (1.8%

vs. 13.0%; P � 0.032). Moderate-strength evidence from 3 trials of
intravenous iron found improved short-term exercise tolerance and
quality of life in patients with heart failure. Moderate- to high-
strength evidence from 17 trials of erythropoiesis-stimulating agent
therapy found they offered no consistent benefits, but their use
may be associated with harms, such as venous thromboembolism.

Limitations: Few trials have examined transfusions in patients with
heart disease, and observational studies are potentially confounded
by indication. Data supporting iron use come mainly from 1 large
trial, and long-term effects are unknown.

Conclusion: Higher transfusion thresholds do not consistently im-
prove mortality rates, but large trials are needed. Intravenous iron
may help to alleviate symptoms in patients with heart failure and
iron deficiency and also warrants further study. Erythropoiesis-
stimulating agents do not seem to benefit patients with mild to
moderate anemia and heart disease and may be associated with
serious harms.

Primary Funding Source: U.S. Department of Veterans Affairs.

Ann Intern Med. 2013;159:746-757. www.annals.org
For author affiliations, see end of text.

Approximately one third of patients with congestive
heart failure (CHF) and 10% to 20% of those with

coronary heart disease (CHD) also have anemia (1–3).
Anemia is associated with more symptoms, a greater hos-
pitalization rate, and increased mortality rates both in pa-
tients with CHF (4–6) and CHD (7, 8). It is unclear
whether anemia directly leads to these poor outcomes or
simply reflects more severe underlying illness. Indeed,
many factors probably contribute to the development of
anemia in heart disease, including comorbid chronic kid-
ney disease, blunted erythropoietin production, hemodilu-
tion, aspirin-induced gastrointestinal blood loss, the use of
renin–angiotensin–aldosterone system blockers, cytokine-
mediated inflammation, gut malabsorption, and iron defi-
ciency (9, 10).

For many years, the epidemiologic data and biological
plausibility supporting a link between anemia and poor
outcomes in patients with heart disease prompted many
physicians to advocate treatment of anemia with

more aggressive use of blood transfusions. Interest in
erythropoiesis-stimulating agents (ESAs) and iron supple-
mentation to treat anemia in heart disease has also been
growing. An increasing body of literature has recently
tested whether these strategies improve health outcomes in
patients with heart disease. This review summarizes and
updates a report commissioned by the U.S. Department of
Veterans Affairs’ Evidence-based Synthesis Program and
the Clinical Guidelines Committee of the American Col-
lege of Physicians, which evaluated the health outcome
effects of each of these strategies in adult patients with
heart disease (11).

METHODS

Data Sources and Searches
We conducted a search for literature published in

MEDLINE, the Cochrane Central Register of Controlled
Trials, and the Cochrane Database of Systematic Reviews
from database inception to August 2012. We searched
EMBASE through November 2010 because we could not
retain our license for this database beyond that time frame.
The search strategy included such terms as anemia, conges-
tive heart failure, coronary heart disease, ischemic heart dis-
ease, erythropoiesis-stimulating agents, iron, and red blood cell
transfusion. The detailed search strategy is provided in Ta-
ble 1 of the Supplement (available at www.annals.org). We
obtained additional articles from systematic reviews; refer-
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ence lists of pertinent studies, reviews, and editorials; and
consulting experts. We also searched for ongoing and re-
cently completed studies on ClinicalTrials.gov and in-
cluded reports of trials that had been published as of April
2013.

Study Selection
The analytic framework that guided our review and

synthesis of the literature is provided in Appendix Figure 1
(available at www.annals.org). Eligible articles had English-
language abstracts and provided primary data about the
effects of ESAs, iron, or blood transfusions in adult popu-
lations with anemia (hemoglobin levels �13 g/dL in men
and �12 g/dL in women) and symptomatic CHF (with or
without decreased systolic function) or CHD (the acute
coronary syndrome, the postacute coronary syndrome, and
history of myocardial infarction [MI] or angina). We in-
cluded trials with mixed populations of patients with and
without anemia as long as data specific to the anemia
subgroup were reported. We considered trials comparing
interventions with placebo or those comparing more
intensive with less intensive interventions (that is, trials
examining different transfusion thresholds or hemoglobin
targets). Because few trials of red blood cell transfusion
were found, we included observational studies to character-
ize the evidence on which current transfusion practice is
based. Outcomes of interest included mortality, hospital-
ization, exercise tolerance, cardiovascular events, quality of
life, and adverse effects of treatment.

Three investigators reviewed the titles and abstracts of
citations identified from literature searches, and 2 reviewers
independently assessed the selected full-text articles for in-
clusion on the basis of the eligibility criteria shown in
Table 2 of the Supplement. Disagreements were resolved
by consensus.

Data Extraction and Quality Assessment
From each study, we abstracted study design, objec-

tives, setting, population characteristics (including sex, age,
left ventricular ejection fraction, baseline New York Heart
Association [NYHA] class, and CHD definition), partici-
pant eligibility and exclusion criteria, number of partici-
pants, years of enrollment, duration of follow-up, the study
and comparator interventions, important cointerventions,
baseline hemoglobin levels, change in hemoglobin levels,
health outcomes, and adverse effects. If only the hemato-
crit was reported, we used a conversion of 3:1 to approxi-
mate the hemoglobin value. To evaluate harms, we col-
lected data on adverse effects from all included trials and
specifically gathered data from each ESA trial on hyperten-
sion, venous thromboembolic events (including deep ve-
nous thrombosis, pulmonary embolism, and vascular access
thrombosis), and ischemic cerebrovascular events. In trials
examining blood transfusions, we specifically looked for
reporting of transfusion reactions.

Two reviewers independently assessed the quality of
each trial using a tool developed by the Cochrane Collab-

oration (12). Disagreements were resolved by discussion.
Each study was given an overall summary assessment of
low, high, or unclear risk of bias. We assessed the overall
quality of evidence for outcomes using a method developed
by the Grading of Recommendations Assessment, Devel-
opment, and Evaluation Working Group (13), which con-
siders the consistency, coherence, and applicability of a
body of evidence, as well as the internal validity of individ-
ual studies, to classify the grade of evidence across
outcomes.

Although there is no widely accepted standard for
quality assessment of observational studies, we adapted ex-
isting tools (14, 15) relevant to this review and specifically
assessed whether each observational blood transfusion
study conducted an analysis adjusting for patient propen-
sity to receive a blood transfusion, accounted for bleeding
complications (regardless of whether they were procedure-
related), and accounted for the timing of transfusion given
the potential for survival bias in which patients who died
could not have received a transfusion. The detailed assess-
ment of quality for each study is provided in Tables 3 to 6
of the Supplement. We do not report an overall summary
assessment for observational studies because there are no
validated criteria for doing so.

Data Synthesis and Analysis
We did meta-analyses of study-level data evaluating

the effects of liberal compared with restrictive transfusion
strategies on short-term mortality rates (defined as death
during or within 30 days after the hospital stay) and car-
diovascular events (defined as MI, CHF exacerbation, ar-
rhythmia, or cardiac death—we distinguished in-hospital
events from those occurring during longer-term follow-
up). We abstracted the number of events and total partic-
ipants from each treatment group and obtained a pooled
estimate of relative risk (RR) using a random-effects model
(16). We preferentially used 30-day mortality for the anal-
ysis, followed by in-hospital and 72-hour mortality. We
conducted a sensitivity analysis on the basis of the defini-
tion of short-term mortality. If trials included mixed pop-
ulations of patients with and without heart disease, we
contacted authors for subgroup information if it was not
available in published reports.

We also did meta-analyses of ESA trials for each of the
following outcomes: mean difference in the change in
NYHA class, exercise duration during the 6-minute walk
test, all-cause mortality, hospitalizations, cardiovascular
events, hypertension events, and ischemic cerebrovascular
events. Given the variety of assessment tools used, we did
not do meta-analyses of quality-of-life outcomes. We ran
sensitivity analyses for all outcomes, excluding studies with
high or unclear risk of bias.

All analyses were done using Stata 10.0 (StataCorp,
College Station, Texas). Statistical heterogeneity among
the trials combined in meta-analysis was assessed by the
Cochran Q test and I2 statistic (12). Publication bias was
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not assessed because of the small number of trials that
could be combined (17).

We qualitatively synthesized the results of trials of iron
therapy because only 3 trials examined the effects of iron,
with 1 large trial dominating.

Role of the Funding Source
The U.S. Department of Veterans Affairs Quality En-

hancement Research Initiative supported this review but
had no role in the design and conduct of the study; collec-
tion, management, analysis, and interpretation of the data;
preparation, review, or approval of the manuscript; or de-
cision to submit the manuscript for publication.

RESULTS

We reviewed 1740 titles and abstracts from the elec-
tronic search and identified an additional 79 from review-
ing reference lists and doing manual searches for recently
published and unpublished or ongoing studies (Appendix
Figure 2, available at www.annals.org). After inclusion and
exclusion criteria were applied at the abstract level, 404
full-text articles were reviewed. Fifty-five articles compris-
ing 52 primary studies met our inclusion criteria. Detailed
results for each intervention are presented in the following
sections, and the overall findings are summarized in
Table 1.

Blood Transfusions
Six trials compared liberal and restrictive transfusion

protocols (18–20, 23–25) (Table 7 of the Supplement).
Three of these were conducted in nonoperative settings
among critically ill patients or those with the acute coro-
nary syndrome (23, 25, 26). Three studies were conducted
in patients with and without known heart disease in peri-
operative settings (18–20), but only 1 of these studies had
CHD-specific subgroup information available (20).

Overall, low-strength evidence from the 6 trials sug-
gests that liberal transfusion protocols do not reduce 30-
day mortality rates compared with restrictive transfusion
protocols (RR, 0.94 [95% CI, 0.61 to 1.42]; I2 � 16.8%).
Exclusion of the 2 studies in which CHD subgroup-
specific information was not available (18, 19) yielded sim-
ilar results (RR, 0.86 [CI, 0.46 to 1.62]; I2 � 50.0%)
(Figure 1).

However, more aggressive transfusion protocols may
be associated with lower risk for cardiovascular events (5
trials; RR, 0.64 [CI, 0.38 to 1.09]; I2 � 0.0%). As previ-
ously described, exclusion of the 2 studies in which CHD
subgroup information was not available did not affect the
findings (RR, 0.60 [CI, 0.34 to 1.03]; I2 � 0.0%) (Ap-
pendix Figure 3, available at www.annals.org).

Aside from cardiovascular events, which we report in a
subsequent section, there were no reports of excess adverse
effects from more aggressive transfusion in the trials, al-
though harms reporting was sparse and only 1 trial re-
corded transfusion reactions (23).

Nonoperative Setting

Low-strength evidence from 3 trials (23–25) (com-
bined RR, 0.58 [CI, 0.23 to 1.48]; I2 � 29.9%) and 23
observational studies (8, 27–48) suggests that more aggres-
sive transfusion does not decrease mortality rates in pa-
tients who are critically ill with heart disease or those with
the acute coronary syndrome (Table 1).

Results among studies, however, were conflicting. A
recent multicenter, randomized, controlled trial of 110 pa-
tients compared transfusion thresholds of 10 and 8 g/dL in
patients with the acute coronary syndrome or stable angina
having cardiac catheterization (25). The liberal transfusion
strategy was associated with a lower 30-day mortality rate
(1.8% vs. 13.0%; P � 0.032), but the rates of MI (9.1%
vs. 13.0%; P � 0.52) and unscheduled coronary revascu-
larization (0.0% vs. 3.7%; P � 0.24) were similar in both
groups. Another trial of patients with acute MI compared
similar transfusion thresholds but found that the liberal
transfusion group had a greater rate of the primary end
point, a composite of in-hospital death, recurrent MI, or
new or worsening heart failure (38% vs. 13%; P � 0.046),
with most of the difference explained by a greater inci-
dence of new or worsening CHF (23). An older trial of
patients without bleeding who were critically ill and had
anemia compared transfusion hemoglobin thresholds of 10
and 7 g/dL. The overall trial population included 838 pa-
tients with and without heart disease and found no differ-
ence in mortality or cardiovascular event outcomes (49). In
a post hoc subgroup analysis of the 257 patients with
known ischemic heart disease, 30-day mortality rates were
also similar between the liberal and restrictive transfusion
groups (21.2% vs. 26.1%; RR, 0.81 [CI, 0.52 to 1.26])
(24).

Twenty-three observational studies were done in pa-
tients having percutaneous coronary intervention or hospi-
talized with the acute coronary syndrome, MI, or decom-
pensated heart failure (Table 8 of the Supplement). There
was little evidence in nearly all studies that transfusions at
hemoglobin levels greater than 8 to 9 g/dL were associated
with improved outcomes, although there were 2 exceptions
(8, 45). However, many observational studies found that
transfusions at hemoglobin levels greater than 9 to 10 g/dL
were associated with an increased risk for death. Whether
these findings reflect a true effect of transfusion or con-
founding by indication is unclear.

No studies examined transfusions in stable outpatients
with a history of CHD.

Perioperative Setting

Low-strength evidence from 3 trials in hip fracture and
vascular surgery patients with heart disease found no short-
term mortality benefit from a liberal compared with a
conservative transfusion strategy (RR, 1.35 [CI, 0.80 to
2.25]; I2 � 0.0%) (18–20). However, fewer cardiovascular
events occurred with more aggressive use of transfusions in
patients having surgery. A recent large trial randomly as-
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Table 1. Summary of Evidence for Effects of ESAs, Iron, and Blood Transfusions for Anemia, by Patient Population and Outcome

Outcome, by Treatment Trials With Low Risk of Bias
(Participants)/Trials With
High or Unclear Risk of Bias
(Participants), n

Summary of Findings,
Treatment vs. Control
Group*

GRADE
Classification†

Comment

Stable CHF
Blood transfusions

All outcomes 3 (unknown)/0 No significant difference Insufficient 3 trials included a small number of patients with CHF.
Data specific to patients with isolated CHF and no
CHD were available in only 1 trial of patients who
had hip fracture surgery, which found no difference
in mortality or MI outcomes.

Iron
Exercise tolerance and

duration
2 (499)/1 (35) Improvements in NYHA class,

6-min walk distance, and
Patient Global Assessment
of symptoms

Moderate Most data come from 1 large trial, although the
smaller trials found similar results. Data are most
applicable to patients with NYHA class III
symptoms and ferritin levels �224.7 pmol/L.

Quality of life 2 (499)/1 (35) Improvement in quality of life Moderate Most data come from 1 large trial, although the
smaller trials found similar results. Data are most
applicable to patients with NYHA class III
symptoms and ferritin levels �224.7 pmol/L.

Mortality 1 (459)/1 (35) No significant difference Insufficient The 1 large trial showed a trend toward benefit but
was not powered for this outcome.

Cardiovascular events 1 (459)/0 27.6% vs. 50.2% (P � 0.01) Low This was not a prespecified end point, and outcome
definition was unclear.

Serious harms 2 (499)/1 (35) No significant difference Moderate
ESAs

Exercise tolerance and
duration (change in
NYHA score)

4 (555)/5 (231) Studies with low risk of bias:
RR, �0.15 (95% CI,
�0.36 to 0.06)

All studies: RR, �0.77 (CI,
�1.12 to �0.32)

Moderate Overall, studies with low risk of bias found no
significant effect.

Quality of life 4 (2803)/2 (64) No consistent, clinically
significant difference in
quality of life

Moderate Inconsistent results and the variety of instruments
used limit the evidence base. The largest study
found no clinically significant change, although
there was statistically significant improvement in
quality of life with ESA treatment.

Mortality 6 (4098)/4 (217) RR, 1.07 (CI, 0.98 to 1.16) High 1 of the large trials included both CHF and CHD
subgroups, which may limit applicability to
CHF-only populations, although another large trial
in patients with CHF found similar results.

Hospitalizations 4 (3901)/4 (207) Studies with low risk of bias
studies: RR, 0.97 (CI, 0.87
to 1.10)

All studies: RR, 0.69 (CI, 0.52
to 0.93)

High Although smaller, methodologically limited studies
found improvement, the largest and best-quality
studies found no effect.

Cardiovascular events 7 (6710)/2 (92) RR, 0.94 (CI, 0.82 to 1.08) High 3 of the large trials included patients with advanced
kidney disease, although a fourth large trial
included patients without advanced kidney disease
and found similar results.

Harms Venous thromboembolism:
4 (3988)/0

Ischemic stroke: 4 (2706)/0
Hypertension: 7 (2899)/0

Venous thromboembolism:
RR, 1.36 (CI, 1.17 to 1.58)

Ischemic stroke: RR, 1.33 (CI,
0.93 to 1.89)

Hypertension: RR, 1.20 (CI,
0.90 to 1.59)

Moderate 1 of the large trials finding increased risk for venous
thromboembolism included both CHF and CHD
subgroups and was conducted in patients with
ESRD, which may limit applicability.

Decompensated CHF
Blood transfusions

Mortality 0 – Insufficient 2 observational studies found conflicting results: 1
showed harm, and the other a possible benefit.

Iron
All outcomes 0 – – No evidence

ESAs
All outcomes 0 – – No evidence

Continued on following page
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signed patients who had hip fracture surgery and a history
of, or risk factors for, cardiovascular disease to a liberal
(hemoglobin level threshold of 10 g/dL) or restrictive
transfusion strategy (symptoms of anemia or at the physi-
cian’s discretion for hemoglobin levels �8 g/dL) (20). As
expected, more patients in the liberal transfusion group
received 1 or more transfusions than the restrictive group
(96.7% vs. 41.0%; P � 0.001). In a post hoc analysis of
the subgroup of 796 patients with known CHD, 30-day
mortality rates in the 2 groups were similar (RR, 1.44 [CI,

0.81 to 2.54]), but the liberal transfusion strategy was as-
sociated with a reduced risk for in-hospital MI that ap-
proached statistical significance (RR, 0.52 [CI, 0.27 to
1.01]). When we used a broader definition of cardiovascu-
lar disease to include patients with CHF, peripheral vascu-
lar disease, or cerebrovascular disease, the reduction in
MI reached statistical significance (1267 patients; RR,
0.50 [CI, 0.27 to 0.91]). Of note, among the 748 patients
without known cardiovascular disease, the liberal trans-
fusion strategy had no effect on mortality rates (RR,

Table 1—Continued

Outcome, by Treatment Trials With Low Risk of Bias
(Participants)/Trials With
High or Unclear Risk of Bias
(Participants), n

Summary of Findings,
Treatment vs. Control
Group*

GRADE
Classification†

Comment

CHD
Blood transfusions

Mortality All patients: 4 (1207)‡/0
Acute coronary syndrome:

2 (144)/0
Noncardiac surgery:

1 (796)§/0

All patients: RR, 0.86
(CI, 0.46 to 1.62)

Acute coronary syndrome:
RR, 0.23 (CI, 0.05 to 1.02)

Noncardiac surgery: RR, 1.44
(CI, 0.81 to 2.54)

Low Imprecision and the small number of trials limit the
evidence base. The lack of mortality effects may
not apply to the acute coronary syndrome
population. Much of the data come from post hoc
subgroup analyses of 2 trials. A large body of
observational studies also found no mortality
benefit, although the validity of these studies is
limited.

Cardiovascular events All patients: 3 (958)‡/0
Acute coronary syndrome:

2 (144)/0
Noncardiac surgery:

1 (804)§/0

All patients: RR, 0.60
(CI, 0.34 to 1.03)

Acute coronary syndrome:
RR, 0.70 (CI, 0.24 to 2.07)

Noncardiac surgery: RR, 0.52
(CI, 0.27 to 1.01)

Low Imprecision, inconsistencies across populations, and
the small number of studies limit the evidence base.
Most events come from a subgroup analysis of 1
large trial of patients who had hip fracture surgery.

Iron
All outcomes 0/0 – – No evidence

ESAs
Mortality 2 (unknown)/0 Increased mortality Low 2 large trials included a large subgroup of patients

with CHD, but subgroup-specific data are not
available. Patients with advanced CKD; unclear
application to other populations.

Quality of life 0�/1 (unknown) No effect on functional status
of quality-of-life measures

Low 1 large trial of patients with heart disease included a
large subgroup of patients with CHD, but
subgroup-specific data are not available. Patients
with ESRD; unclear application to other
populations.

Cardiovascular events 2 (unknown)/1 (36) No effect on cardiovascular
events

Low 2 large trials included a large subgroup of patients
with CHD, but subgroup-specific data are not
available. Patients with advanced CKD; unclear
application to other populations.

Serious harms 2 (unknown)/0 Increased risk for venous
thromboembolic disease

Low Based on 2 large trials that included large subgroups
of patients with CHD, although subgroup-specific
harms data were not available. Patients had
advanced kidney disease, and application to other
populations is unclear.

All other outcomes 0/0 – – No evidence

CHD � coronary heart disease; CHF � congestive heart failure; CKD � chronic kidney disease; ESA � erythropoiesis-stimulating agent; ESRD � end-stage renal disease;
GRADE � Grading of Recommendations Assessment, Development, and Evaluation; MI � myocardial infarction; NYHA � New York Heart Association; RR � risk ratio.
* Results according to studies’ risk-of-bias rating are presented only when the sensitivity analyses indicated that the risk-of-bias rating significantly influenced summary effects.
† GRADE classification: high � further research is very unlikely to change our confidence on the estimate of effect; moderate � further research is likely to have an important
effect on our confidence in the estimate of effect and may change the estimate; low � further research is very likely to have an important effect on our confidence in the
estimate of effect and is likely to change the estimate; very low � any estimate of effect is very uncertain.
‡ The 2 trials (n � 183) for which CHD-specific subgroup information was not available (18, 19) are not included in these summary estimates. Analyses including these trials
yielded similar results for mortality (RR, 1.35 [95% CI, 0.80 to 2.25]) and more imprecise results for MI (RR, 0.63 [CI, 0.25 to 1.60]), in part because these trials only
contributed 3 MI events to the analysis. Data from 1 of the included trials (20) are from the CHD subgroup. Sensitivity analyses examining the effects of different definitions
of cardiac disease (i.e., including patients with CHF or peripheral vascular disease) yielded similar results.
§ Analysis using a broader definition of cardiovascular disease to include patients with CHD, CHF, peripheral vascular disease, and stroke yielded similar results for mortality
(n � 1252; RR, 1.24 [CI, 0.79 to 1.85]) and cardiovascular event outcomes (n � 1267; RR, 0.50 [CI, 0.27 to 0.91]). The 2 trials (n � 183) for which CHD-specific
subgroup information was not available (18, 19) are not included in these summary estimates.
� One trial was classified as high risk of bias for quality-of-life outcomes but low risk of bias for mortality outcomes (21, 22).
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1.12 [CI, 0.50 to 2.50]) or MI (RR, 1.02 [CI, 0.39 to
2.69]).

In the observational cohorts, transfusion did not seem
to offer any protection, and in 1 vascular surgery study,
mortality and MI rates were greater overall in the transfu-
sion group (Table 8 of the Supplement) (50–52).

Iron
Moderate-strength evidence from 3 trials (53–55)

found that intravenous iron improved exercise tolerance,
quality of life, and cardiovascular events in patients with
heart failure (Tables 1 and 2). Results are dominated by 1
large, multicenter trial that found intravenous ferric car-
boxymaltose improved 6-month exercise tolerance and
quality of life in patients with heart failure (55, 56). Most
patients had NYHA class III symptoms and moderate to
severe systolic dysfunction. Only one half of the patients
had anemia (hemoglobin levels �12 g/dL), but most had
ferritin levels less than 224.7 pmol/L. Intervention patients
were more likely to report they were greatly or moderately
improved on the Patient Global Assessment (50% vs. 28%;
odds ratio, 2.51 [CI, 1.75 to 3.61]) and showed improve-
ment in NYHA functional class (odds ratio for improve-
ment by 1 class, 2.40 [CI, 1.55 to 3.71]). Results were
similar in patients with hemoglobin levels less than and
greater than 12 g/dL for the Patient Global Assessment (P
value for interaction with hemoglobin level � 0.98),
NYHA class (P value for interaction � 0.51), and quality-
of-life (P value for interaction � 0.59) outcomes (56).
There were fewer cardiac events in the intervention group
(27.6% vs. 50.2%; P � 0.01), although this outcome was
poorly defined and not prespecified. Mortality rates were
similar in both groups (3.4% vs. 5.5%), but the trial was
not powered for mortality outcomes. Serious adverse ef-
fects were uncommon, although there was a trend toward
increased gastrointestinal events in the intervention group
(Table 2). The long-term effects of iron treatment are
unknown.

Two small trials, 1 with low risk of bias (53) and 1
with high risk of bias because of lack of patient blinding
(54), found that intravenous iron sucrose improved symp-
toms and exercise tolerance.

ESAs
Seventeen randomized, controlled trials of ESAs in pa-

tients with heart disease were published in 19 reports (Ta-
ble 9 of the Supplement) (21, 22, 57–73). Twelve trials
enrolled patients with CHF, and the mean ejection frac-
tion was 35% or less among 11 trials that reported systolic
function. Most patients had comorbid CHD. Two trials
included roughly equal proportions of patients with CHD
and CHF (22, 59), and only 1 trial focused exclusively on
patients with CHD (70). Two trials were primarily de-
signed to assess the comparative effects of ESAs titrated to
high or low hemoglobin targets in patients with anemia
and chronic kidney disease but included a large proportion
of patients with heart disease for whom adequate subgroup
data were reported (58, 59).

Overall, there is high-strength evidence that ESA use
has no beneficial effects on mortality rates, cardiovascular
events, and hospitalizations (Table 1). Moderate-strength
evidence suggests that ESAs do not consistently improve
quality of life either. Although some studies found that
ESA use improved exercise tolerance and duration, no im-
provement was seen on combining trials with low risk of
bias (mean difference in NYHA score change, �0.15 [CI,
�0.36 to 0.06]). By contrast, moderately strong evidence
in patients with CHF shows that ESA use may be associ-
ated with serious harms, such as hypertension and venous
thromboembolism, and possibly increased mortality rates
(Figure 2). The study characteristics, quality assessment,
and meta-analyses of the ESA trials are shown in detail in
Tables 6 and 9 of the Supplement and Appendix Figures
4 to 11 (available at www.annals.org).

The Reduction of Events With Darbepoetin Alfa in
Heart Failure trial, by far the largest trial (to our knowl-

Figure 1. 30-d mortality among patients with congestive heart failure or coronary heart disease in liberal versus restrictive blood
transfusion protocols.

Carson et al, 2013 (25)

Carson et al, 2011 (20)

Cooper et al, 2011 (23)

Hébert et al, 2001 (24)
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0.14 (0.02–1.10)

1.44 (0.81–2.54)

0.57 (0.06–5.86)

0.81 (0.52–1.26)

0.86 (0.46–1.62)

RR (95% CI)

Favors Liberal Transfusion Protocol Favors Restrictive Transfusion Protocol

0.125 0.25 0.5 1 2 4 8

Treatment Group Control Group

Events/Patients, n/n

RR � risk ratio.
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edge) to examine ESA use specifically in patients with
CHF, randomly assigned 2278 patients with systolic heart
failure and hemoglobin levels of 9 to 12 g/dL to darbepoi-
etin titrated to a target hemoglobin level of 13 g/dL or to
placebo (71). There were no differences in any health out-
comes, other than a greater rate of thromboembolic events
in the intervention group (13.5% vs. 10.0%; P � 0.009)
after a median 28-month follow-up.

We found no substantive difference in results when we
excluded studies in which the mean baseline hemoglobin
levels were less than 11 g/dL or studies in which the mean
increase in hemoglobin levels associated with ESA use were
less than 2 g/dL. However, these parameters varied little
among the trials, which could have made it difficult to
detect any true influence of baseline hemoglobin levels or
change in hemoglobin levels on outcomes.

Three trials compared ESAs titrated to normal or near-
normal targets with those titrated to lower targets (hemo-
globin levels, 9 to 11.3 g/dL) (21, 58, 59). None of the
trials found a benefit from aggressive ESA use, and in fact,
2 of the trials found a significant increase in venous throm-

boembolic risk and a near-significant increase in mortality
rates (21, 59).

No trials in patients with heart disease have evaluated
the effects of more moderate hemoglobin level targets (for
example, 10 to 12 g/dL) compared with lower targets.

DISCUSSION

We examined the effects of 3 strategies for treating
anemia in patients with heart disease. Overall, despite the
epidemiologic and biologically plausible association of ane-
mia with poor outcomes, we did not find consistent evi-
dence that anemia correction improves outcomes in pa-
tients with heart disease, although there were notable
exceptions.

The effects of more liberal transfusion protocols on
outcomes are mixed. Low-strength evidence suggests that
more aggressive use of blood transfusions does not consis-
tently decrease mortality rates. However, we found very
limited evidence from a small trial of patients with the
acute coronary syndrome that a transfusion threshold of 10

Table 2. RCTs of Iron Therapy in Patients With CHF or CHD

Study, Year (Reference);
Setting; Follow-up

Patient Characteristics
(Treatment vs. Control
Group)

Clinical Characteristics
(Treatment vs. Control
Group)

Baseline Kidney
Function (Treatment vs.
Control Group)

Intervention (Treatment
vs. Control Group)

Baseline Measures
of Iron Stores
(Treatment vs.
Control Group)

Anker et al, 2009 (55), and
Comín-Colet et al, 2013 (56);

multicenter, international
RCT; 24 wk

Patients: 304 vs. 155
Male: 47.6% vs. 45.2%
White: 99.7% vs. 100%
Mean age: 67.8 vs.

67.4 y

Mean LVEF: 31.9% vs.
33.0%

NYHA class II: 17.4%
vs. 18.7%

NYHA class III: 82.6%
vs. 81.3%.

RAAS blockers: 92.4%
vs. 91.0%

GFR: 63.8 vs. 64.8
mL/min/1.73 m2

Ferric carboxymaltose,
200 mg weekly IV,
until repleted, then
every 4 wk, vs. saline,
4 mL

Ferritin level: 118 vs.
135 pmol/L

TSAT: 17.7% vs.
16.7%

Okonko et al, 2008 (54);
RCT in 2 centers in Europe;
18 wk

Patients: 24 vs. 11
Male: 71% vs. 73%
White: 88% vs. 91%
Mean age: 64 vs. 62 y

CAD: 79% vs. 73%
LVEF: 30% vs. 29%
RAAS blockers: 96%

vs. 91%

Baseline creatinine level:
109.7 vs. 103.4
�mol/L (1.23 vs. 1.17
mg/dL)

Iron sucrose IV in varied
doses (according to a
formula in paper)
weekly for 4 wk then
every 4 wk for 4 mo;
no control

Ferritin level: 139 vs.
198 pmol/L

TSAT: 20% vs. 21%

Toblli et al, 2007 (53);
RCT; 6 mo

Patients: 20 vs. 20
Male: NR
White: NR
Mean age: 76 vs. 74 y

CAD: 60% vs. 55%
Mean LVEF: 31.3% vs.

30.8%
RAAS blockers: 95%

vs. 100%

Baseline GFR: 39.8 vs.
37.7 mL/min/1.73 m2

Iron sucrose, 200 mg
IV, vs. saline, 200 mL,
weekly for 5 wk

Ferritin level: 164 vs.
159 pmol/L

TSAT: 20% vs. 20%

CAD � coronary artery disease; CHD � coronary heart disease; CHF � congestive heart failure; EQ-5D � EuroQol-5 dimension; GFR � glomerular filtration rate;
GI � gastrointestinal; HR � hazard ratio; IV � intravenous; LVEF � left ventricular ejection fraction; MLHFQ � Minnesota Living With Heart Failure Questionnaire;
NR � not reported; NYHA � New York Heart Association; OR � odds ratio; PY � patient-year; RAAS � renin–angiotensin–aldosterone system; RCT � randomized,
controlled trial; TIA � transient ischemic attack; TSAT � transferrin saturation.
* See Table 5 of the Supplement (available at www.annals.org) for details on quality assessment.
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g/dL may decrease mortality rates. Data from a post
hoc subgroup analysis of a trial of patients who had hip
fracture surgery and heart disease suggest that liberal trans-
fusion strategies may reduce in-hospital MI, although the
clinical significance of this finding is unclear in the absence
of mortality benefit and in the context of serial troponin
measurement (20, 25).

Conflicting biological plausibility arguments have
been espoused to support the benefits or harms of transfu-
sions in patients with coronary disease, but surprisingly few
trials have tested these biological assumptions (74). The
more recent trial data suggesting a potential benefit from
more liberal transfusion practices in patients with heart
disease urgently need to be confirmed in large-scale trials.
In the meantime, the low-strength evidence suggesting a
possible benefit needs to be weighed against the well-
known potential adverse effects of blood transfusions,
which range from relatively common volume overload and
febrile reactions to rare infectious and serious hemolytic
complications (75). The precise level of harm associated
with transfusions in patients with heart disease is unknown

because data on adverse effects were inconsistently reported
among trials.

We found a large body of observational studies that
consistently showed that more aggressive transfusion prac-
tices had either neutral or deleterious effects on health out-
comes, but the potential for confounding by indication is a
limitation (76). The decision to transfuse patients in those
studies was based on clinical judgment, which would nat-
urally be influenced by severity of illness, symptoms, and
observation of bleeding. Despite very careful propensity
adjustment in some studies, the possibility of residual con-
founding renders this base of evidence fairly tenuous.

Two meta-analyses examining the effects of transfu-
sions were published in 2013, but neither study included
CHD-specific subgroup data or more recent data in pa-
tients with the acute coronary syndrome (77, 78). One of
the meta-analyses focused on a smaller body of 9 observa-
tional studies and found that transfusions at greater hemo-
globin levels were associated with an increased risk for
death in patients with MI, although this risk was not ap-
parent in studies of patients who had ST-segment elevation

Table 2—Continued

Baseline
Hemoglobin Level
(Treatment vs.
Control Group)

Mean Change in
Hemoglobin Level
(Treatment vs.
Control Group)

Results (Treatment
vs. Control Group)

Adverse Effects
(Treatment vs.
Control Group)

Risk of Bias*

11.9 vs. 11.9 g/dL 1.1 vs. 0.6 g/dL Deaths: 5 (3.4%) vs. 4 (5.5%)
Cardiac events: 46 events in 38 patients (27.6/100 PYs) vs. 49 events in 33

patients (50.2/100 PYs); P � 0.01
First cardiovascular hospitalization: HR, 0.53 (CI, 0.25–1.09); P � 0.08

GI events: 16.9/100
PYs vs. 6.9/100 PYs;
P � 0.06

Respiratory events:
6.2/100 PYs vs.
14.2/100 PYs; P �
0.06

Low

Functional status/activity tolerance:
NYHA, OR for improvement by 1 class: 2.40 (CI, 1.55–3.71)
Patient Global Assessment, OR for improvement: 2.51 (CI,
1.75–3.61)
6-min walk distance: 313 vs. 277 m

Quality-of-life outcomes: change in Kansas City Cardiomyopathy
Questionnaire score at 24 wk: 12.8 (SD, 1.3) vs. 6.2 (SD, 1.5); P � 0.001

EQ-5D score change from baseline to 24 wk: 6.6 (SD, 1.2) vs. �1.0 (SD,
1.8); P � 0.001

12.6 vs. 12.2 g/dL 0.5 vs. 0.4 g/dL Mortality: 1/24 (4.2%) vs. 0
Hospitalizations: 3/24 (12%) vs. 3/11 (27%)

Abdominal pain: 8%
vs. 0%

TIA: 4% vs. 0%

High

Functional status/activity tolerance:
NYHA score: 2.1 vs. 2.6
Mean change in NYHA score: �0.4 vs. 0.2; P � 0.007
Mean change in exercise duration: 45 vs. �15 s; P � 0.08
Patient Global Assessment: 1.5 vs. �0.2; P � 0.002
Mean change in MLHFQ: �10 vs. 3; P � 0.07

Adverse events:
Abdominal pain: 2/24 (8%) vs. 0
TIA: 1/24 (4%) vs. 0

10.3 vs. 10.2 �1.5 vs. �0.4 Mean change in creatinine clearance: �5.1 vs. �6.0 mL/min/1.73 m2;
P � 0.01

Hospitalizations: 0/20 vs. 5/20 (20%); P � 0.01
Functional status/activity tolerance:

MLHFQ score: 41 vs. 59; P � 0.01
Mean change in MLHFQ score: �19 vs. �1; P � 0.01
6-min walk distance: 240.1 vs. 184.5 m; P � 0.01

NR Low
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MI or baseline hemoglobin levels less than 10 g/dL. The
other meta-analysis found that restrictive transfusion strat-
egies were associated with a lower risk for death that ap-
proached statistical significance (RR, 0.85 [CI, 0.70 to
1.03]), but a broad range of patient populations was exam-
ined and applicability to patients with heart disease is low.

There is moderate-strength evidence, mainly from 1
large, multicenter trial, that intravenous iron carboxymalt-
ose improves exercise tolerance, quality of life, and exercise
duration in patients with chronic, stable systolic heart fail-
ure (55). These results are most applicable to patients with
NYHA class III heart failure and low ferritin levels. Bio-
logical plausibility and test-of-concept studies suggest that
iron replacement could play a role in improving symptoms
of heart failure even when iron stores are theoretically ad-
equate, because symptoms may be related to a functional
misuse of iron rather than absolute deficiency (10). Never-
theless, although the criteria used to define iron deficiency
were fairly broad, most patients enrolled in the Assessment
in Patients With Iron Deficiency and Chronic Heart Fail-
ure trial had evidence of more advanced iron deficiency
and limited iron stores. Although the trial results are en-
couraging and at least 1 study has supported the cost-
effectiveness of iron treatment (79), the long-term health
implications are uncertain, and harms have not been more
widely assessed in this population. In other populations,
iron carboxymaltose has not been associated with an in-
creased risk for serious adverse effects, such as anaphylactic
reactions, which were possibly linked with older iron prep-
arations, such as iron sucrose (80, 81).

There is moderate- to high-strength evidence that
ESAs do not improve health outcomes and may be associ-
ated with serious harms in patients with heart disease. The
data are most applicable to patients with CHF and systolic
dysfunction. Future studies may be useful to clarify the
role of ESAs in patients with preserved systolic function or
those with CHD only. The balance of benefits and harms
is most straightforward for the use of ESAs titrated to
normal or near-normal hemoglobin levels. It is unknown
whether more modest hemoglobin targets would be safer
and yield a net health outcome benefit, but the lack of
any functional or quality-of-life benefits from more aggres-
sive use of ESAs suggests that a potential benefit is
unlikely.

Anemia is common in patients with heart disease.
Greater transfusion thresholds are not consistently associ-
ated with mortality benefit, but there are few trials. Recent
data suggest a possible benefit in patients with the acute
coronary syndrome, but large trials are needed to better
clarify the role of transfusions in these patients. Evidence
mostly from 1 large trial suggests that intravenous iron
treatment may help to alleviate symptoms over the short
term in patients with symptomatic heart failure and iron
deficiency. Strong evidence shows that ESAs do not im-
prove symptoms or outcomes in patients with mild to
moderate anemia and heart disease and may be associated
with serious harms.

From Portland Veterans Affairs Medical Center and Oregon Health &
Science University, Portland, Oregon.

Figure 2. All-cause mortality among patients with congestive heart failure or coronary heart disease treated with
erythropoiesis-stimulating agents versus control treatment.
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173/631
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3/28
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18/157
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2/15

458/1142

672/2134

1.20 (1.01–1.42)

0.45 (0.04–4.55)

0.67 (0.12–3.69)

1.16 (0.08–17.28)

6.56 (0.38–114.30)

0.59 (0.29–1.21)

0.87 (0.42–1.80)

1.40 (0.25–7.77)

0.20 (0.01–3.85)

1.04 (0.94–1.15)

1.07 (0.98–1.16)

RR (95% CI)
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RR � risk ratio.
* High or unclear risk of bias.
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Appendix Figure 1. Analytic framework.
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Appendix Figure 2. Summary of evidence search and selection.
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Appendix Figure 3. Cardiovascular events among patients with congestive heart failure or coronary heart disease in liberal versus
restrictive blood transfusion protocols.
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Appendix Figure 4. Change in NYHA score among patients with congestive heart failure treated with erythropoiesis-stimulating
agents compared with control patients.
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Appendix Figure 5. Change in NYHA score among patients with congestive heart failure treated with erythropoiesis-stimulating
agents versus control patients in studies with low risk of bias.
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Appendix Figure 6. Change in 6-minute walk distance among patients with congestive heart failure treated with
erythropoiesis-stimulating agents compared with control patients.
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Appendix Figure 7. Risk for hospitalization among patients with congestive heart failure or coronary heart disease treated with
erythropoiesis-stimulating agents versus control patients in studies with low risk of bias.
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Appendix Figure 8. Cardiovascular events among patients with congestive heart failure or coronary heart disease treated with
erythropoiesis-stimulating agents compared with control patients.
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Appendix Figure 9. Cerebrovascular events among patients with congestive heart failure or coronary heart disease treated with
erythropoiesis-stimulating agents compared with control patients.
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Appendix Figure 10. Hypertension events among patients with congestive heart failure or coronary heart disease treated with
erythropoiesis-stimulating agents compared with control patients.
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Appendix Figure 11. Venous thromboembolic events among patients with congestive heart failure or coronary heart disease treated
with erythropoiesis-stimulating agents compared with control patients.
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