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Abstract
Purpose of the Review  In this review paper, we examine the latest evidence regarding the use of iron supplementation, 
erythropoiesis-stimulating agents (ESAs), and blood transfusions as therapeutic targets for anemia to mitigate morbidity 
and mortality in patients with cardiovascular disease.
Recent Findings  Intravenous ferric carboxymaltose (FC) injections in heart failure (HF) have resulted in improved self-
reported patient symptoms; higher exercise capacity, as measured by 6-min walk test distance in anemic patients; and lower 
re-hospitalization rates in iron deficient patients. Darbepoetin alfa has shown evidence of improved Kansas City Cardiomyo-
pathy Questionnaire scores. No mortality benefits have been noted thus far with FC injections or darbepoetin in HF, with 
an increase in adverse events with darbepoetin. Aggressive transfusions (Hg < 10 g/dL) are not associated with improved 
outcomes in cardiovascular disease.
Summary  Quality of life metrics, rather than mortality, appear to improve with IV FC and ESA use in HF. More studies 
are required to see if these treatments have a role in coronary artery disease. Current evidence suggests that anemia is a 
marker of underlying disease severity, with a limited role in disease modification. Further studies are required to solidify 
our understanding of this topic.

Keywords  Anemia · Heart disease · Iron supplements · Erythropoiesis-stimulating agents · Red blood cell transfusions

Introduction

Anemia, defined by the World Health Organization (WHO) 
as a Hg < 13 g/dL in males and < 12 g/dL in females, affects 
nearly a third of the global population [1–4]. Although 
often comorbid with a variety of chronic diseases, anemia 
alone has a nearly identical association with mortality as do 
chronic diseases such as kidney disease and diabetes mel-
litus [5]. Given that anemia is estimated to be prevalent in 
approximately 30% to 70% of patients with heart failure 
(HF) and 10% to 43% of patients with coronary artery dis-
ease (CAD) who present with acute coronary syndrome, its 
significance as both a risk factor for incident heart disease 
and contributor to overall cardiovascular (CV) morbidity and 
mortality has been the focus of much interest over the past 
two decades [3, 6].

Anemia and Cardiovascular Disease

The Anemia and Increased Cardiovascular Disease study 
may have been the first to suggest that anemia is an 
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independent risk factor for cardiovascular disease (CVD). 
The study examined a cohort of 14,410 subjects in four US 
communities without CVD at baseline and found that during 
a mean follow-up of 6.1 years, patients with anemia (both 
men and women) had an increased risk of CVD, with a haz-
ard ratio of 1.41 (95% CI = 1.01–1.95, p = 0.04) [7]. A sepa-
rate pooled analysis that included the Anemia and Increased 
Cardiovascular Disease study and three community-based 
studies (Cardiovascular Health Study, Framingham Heart 
Study, and the Framingham Offspring Study) further sup-
ported the notion that anemia is a risk factor for CVD but 
that the association was primarily seen in patients with 
chronic kidney disease [8].

Several studies have also suggested an increased risk of 
mortality and morbidity in anemic patients in the setting of 
acute coronary syndrome and HF. For example, in a pooled 
analysis of 41,637 patients with acute coronary syndrome 
in 16 clinical trials, Sabatine et al. found increased CV mor-
tality at 30 days for each 1 g/dL drop in hemoglobin below 
14 g/dL, with an adjusted OR of 1.21 (95% CI = 1.12–1.30, 
p < 0.001) [9]. In chronic HF, anemia has been associated 
with an increased risk of death and HF hospitalization. In 
a retrospective cohort of 655 Medicare patients, McClel-
lan et al. found a 1-year mortality rate of 50% for patients 
with a hematocrit < 30%, with significantly lower mor-
tality rates for higher hematocrit levels (Chi squared for 
trend = 7.37, p = 0.007) [10]. A separate and larger cohort 
study (1061 patients) conducted by Horwich et al. found 
that a lower hemoglobin level was predictive of increased 
mortality (RR 1.129; CI 1.018–1.251) [11]. The correla-
tion between increased mortality and hemoglobin levels was 
further evidenced in analyses of the Randomized Etanercept 
North American Strategy to Study Antagonism of Cytokine 
(RENAISSANCE) trial (risk of mortality was 15.8% lower 
for every 1 g/dl increase in hemoglobin, p = 0.0009) and 
the Prospective Randomized Amlodipine Survival Evalua-
tion (PRAISE) trial (11% higher risk of death for every 1% 
decrease in hematocrit < 37.6%, p < 0.01) [12, 13]. Numer-
ous studies have shown that anemia is also associated with 
increased HF hospitalizations in addition to mortality. In 
fact, a large meta-analysis using 21 studies looking at the 
impact of anemia on HF showed that in the majority of 
these studies, anemia was an independent predictor of both 
increased mortality and higher hospitalization rates [14].

Given that anemia is a significant risk factor for CVD and 
is associated with poor outcomes, recent research has exam-
ined the effects of several treatment modalities for anemia 
on heart disease. In this review paper, we summarize our 
current understanding of the pathophysiologic mechanisms 
of anemia in CVD and the latest evidence regarding the use 
of iron supplementation, erythropoiesis-stimulating agents 
(ESAs), and red blood cell (RBC) transfusions as therapeu-
tic targets to mitigate morbidity and mortality. A summary 

of some of the important studies regarding the treatment 
of anemia in CVD is provided in Table 1. In this review, 
we identify recent developments in this field of study and 
highlight current gaps in our knowledge that require further 
investigation.

Pathophysiologic Features of Anemia 
in Cardiovascular Disease

The pathophysiologic features of the development of anemia 
in CVD are complex and multifactorial but revolve around 
an abnormal erythropoietin (EPO) response and iron homeo-
stasis, which drive bone marrow dysfunction through a vari-
ety of upstream mediators. These include chronic inflam-
mation, renal dysfunction, renin–angiotensin–aldosterone 
system inhibition, nutritional deficiencies and malabsorp-
tion, and occult blood loss (Fig. 1).

Erythropoietin

Chronic inflammation mediates anemia in CVD through 
impaired EPO production and resistance to EPO [2, 3, 15]. 
Both HF and CAD are characterized as inflammatory disor-
ders with evidence of increased levels of cytokines, such as 
tumor necrosis factor (TNF)-alpha and C-reactive protein 
(C-RP) [2, 15–20]. Inflammatory cytokines directly interfere 
with EPO production by inhibiting its transcription at the 
molecular level [21–24]. Furthermore, TNF-alpha activates 
transcriptional pathways involving GATA-1 and NF-κB that 
directly inhibit the bone marrow’s response to EPO by inhib-
iting erythroid precursor differentiation [22].

Renal dysfunction also contributes to bone marrow sup-
pression via decreased EPO production in CVD. Renal dis-
ease is estimated to be coexist in 25% to 50% of HF patients 
and 25% to 40% of CAD patients [25, 26]. Progressive renal 
deterioration results in decreased absolute production of 
EPO [2, 27]. A linear correlation has been noted between a 
progressive decline in hemoglobin values and a reduction in 
the glomerular filtration rate [3, 28].

Finally, iatrogenic renin–angiotensin–aldosterone system 
inhibition through angiotensin-converting enzyme inhibitors 
and angiotensin receptor blockers decreases EPO produc-
tion, particularly in HF. Angiotensin II potently stimulates 
EPO production by decreasing renal blood flow and inducing 
subsequent local hypoxia [3, 15]. As a result, multiple stud-
ies have noted reduced EPO levels in HF patients and even in 
hemodialysis and healthy patients treated with renin–angio-
tensin–aldosterone system inhibition [29–32].

Iron homeostasis

Independent of their effect on EPO, inflammatory cytokines 
also alter iron homeostasis in CVD. Specifically, chronic 
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inflammation reduces the amount of iron that is available for 
erythropoiesis by increasing reticuloendothelial iron uptake 
and inhibiting duodenal iron absorption via increases in hep-
cidin levels [2, 3]. As a result, inflammation induces an ane-
mia of chronic disease in CVD, resulting in both a functional 
(inability of the body to use available iron) and absolute state 
of iron deficiency.

It is important to note that a functional iron deficiency 
caused by inflammation in CVD is also exacerbated by sev-
eral modifying factors that are specific to both HF and CAD. 
In HF, for example, gut wall edema from fluid overload 
impairs duodenal iron absorption [33, 34]. Furthermore, in 
CAD, iatrogenic bleeding from anticoagulation with anti-
platelet agents has also been hypothesized to further exac-
erbate iron deficiency [2, 35, 36].

Given the established roles of iron metabolism and EPO 
as the final common pathways for anemia in chronic heart 
disease, we focus on current evidence for the use of iron sup-
plementation, ESAs, and RBC transfusions in HF and CAD.

Iron Supplementation

Iron Supplementation in Heart Failure

The role of iron supplementation in improving outcomes 
in HF has been extensively studied over the past decade 
(Table 1). The Ferric Carboxymaltose in Patients with 
Heart Failure and Iron Deficiency (FAIR-HF) trial was one 
of the first randomized clinical trials to suggest that iron 
deficiency may be a valid therapeutic target. Specifically, 
the trial enrolled 459 patients with HF and iron deficiency 

with or without overt anemia. Importantly, this trial found 
a significant improvement in both Patient Global Assess-
ment (OR for improvement = 2.51; 95% CI = 1.75–3.61; 
p < 0.001) and NYHA class (OR for improvement = 2.40; 
95% CI 1.55–3.71; p < 0.001). Significant improvements 
were also noted in 6-min walk tests and quality of life. 
Importantly, authors noted similar treatment effects on 
the primary endpoints in a subgroup analysis of patients 
with anemia (defined as a Hg < 12 g/dL). However, the 
mortality rates were similar between both study groups, 
with a non-significant trend for reduced hospitalization 
for any cardiovascular cause (p = 0.08) and hospitaliza-
tion for worsening heart failure (p = 0.11) in the treatment 
arm (comprised of anemic and non-anemic iron deficient 
patients) [37].

In the past few years, two other randomized clinical tri-
als have added further support for the use of IV FC as a 
therapeutic target in HF. Specifically, the Beneficial effects 
of long-term intravenous iron therapy with ferric carboxy-
maltose in patents with symptomatic heart failure and iron 
deficiency (CONFIRM-HF) trial showed evidence of a 
significant increase in 6-min walk distance at week 24 fol-
lowing FC (mean difference of 33 ± 11 m, p = 0.002), with 
a sustained treatment effect through 52 weeks (36 ± 11 m, 
p < 0.001). Similar to the FAIR-HF trial, treatment effect 
was also noted in a subgroup analysis of clinically anemic 
patients (defined as Hg < 12 g/dL). Perhaps, more impor-
tantly, the trial was one of the first to show a significant 
reduction in the risk of hospitalizations for HF (HR 0.39; 
CI = 0.19–0.82; p = 0.009) with no significant impact on 
mortality [38].

Fig. 1   Pathophysiologic fea-
tures of anemia in cardiovascu-
lar disease (CVD)
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The recently completed Ferric Carboxymaltose for iron 
deficiency at discharge after acute heart failure (AFFIRM-
AHF) trial further studied the efficacy of initiating IV FC 
treatment versus placebo in hospitalized iron deficient HF 
patients after stabilization, with a primary composite end-
point of total HF hospitalizations and CV death at 52 weeks 
(RR 0.79; 95% CI 0.62–1.01; p = 0.059). While the trial 
missed statistical significance in the primary endpoint, 
the secondary endpoint analysis demonstrated reduced HF 
hospitalization in the FC group (RR 0.74; CI 0.58–0.94; 
p = 0.013), with no effect on the risk of CV death (13.8% vs. 
14.2% [HR 0.96; 95% CI 0.70–1.32; p = 0.81]). Similar to 
prior IV FC trials, however, this trial also included a propor-
tion of patients without overt anemia as defined by the WHO 
(exclusion criteria of Hg > 15 g/dL). [39••].

Despite promising results with FC treatment in symptom 
improvement, quality of life indicators, and re-hospitaliza-
tion rates, translation of this approach in current clinical 
practice may be challenging. Specifically, the IV formula-
tion of FC may be a barrier to many patients with respect 
to the cost, need for follow-up appointments for infusions, 
and method of delivery (IV vs. oral). This may be especially 
challenging to the most vulnerable, socio-economically 
disadvantaged patients. Unfortunately, more convenient 
and cost-effective oral iron repletion regimens have failed 
to show favorable results. For example, the Effect of Oral 
Iron Repletion Effects on Oxygen Uptake in Heart Failure 
(IRONOUT-HF) randomized clinical trial, which studied 
the effect of an oral iron repletion regimen, failed to show 
improvement in exercise capacity as measured by peak 
oxygen uptake (VO2) over a 16-week period in a subgroup 
analysis of anemic, iron deficient patients [40••]. In contrast, 
the Effect of Ferric Carboxymaltose on Exercise Capacity 
in Patients With Chronic Heart Failure and Iron Deficiency 
(EFFECT-HF) trial, which measured the effects of IV FC on 
VO2, showed improvement at 24 weeks (p = 0.02), although 
the authors noted that this finding was dependent on a statis-
tical method to account for missing data from patients who 
died during the trial (p = 0.23 without the use of the statisti-
cal technique). Of note, authors noted no additional benefit 
with IV FC in a subgroup analysis of anemic patients when 
compared to non-anemic patients (Hg < 12) [41•].

Iron Supplementation in Coronary Artery Disease

In contrast to HF, the role of iron supplementation in CAD 
is more controversial, perhaps because of the long-standing 
belief that iron supplementation, in and of itself, may be 
harmful in CAD. This concept, known as the “iron hypoth-
esis,” was initially suggested by JL Sullivan in 1981, who 
argued that premenopausal women are more protected from 
heart disease than are men; this was attributed to higher 
stored iron levels in men [42]. The hypothesis was initially 

bolstered by experimental data that elucidated the role of 
iron in lipid peroxidation, the first step in the formation of 
atherosclerotic lesions [43]. The results of early epidemio-
logic studies, primarily from Finland, indicated that iron 
overload has a role in the progression of atherosclerotic 
disease and the risk of developing acute myocardial infarc-
tion [44, 45]. Furthermore, in one experimental study, iron 
chelation with deferoxamine improved nitric oxide-mediated 
vasodilation in patients with CAD [46]. On the other hand, 
more recent studies have suggested that iron deficiency, as 
measured by high serum transferrin receptors, are associated 
with poorer outcomes in CAD [47, 48].

Such conflicting data and theories may ultimately reflect 
the importance of the delicate balance required in iron 
homeostasis: both too little and too much iron may be det-
rimental with respect to CV outcomes in CAD. Interest-
ingly, a large retrospective autopsy study involving 48,000 
hemochromatosis patients with hemosiderosis found a lower 
prevalence of significant CAD in iron-overloaded patients 
(12% vs. 38%, p = 0.01), as well as a lower prevalence of 
triple vessel disease (11.1% vs. 33.3%, p = 0.04) [49]. This 
suggests that the adverse CV effects of iron overload are 
independent of CAD and likely secondary to cardiomyopa-
thy from direct damage to cardiomyocytes [50]. Therefore, 
at this time, more studies and randomized clinical trials are 
needed to investigate ideal serum iron levels in CAD and 
determine whether a role for iron supplementation exists.

Erythropoiesis‑Stimulating Agents

Erythropoiesis‑Stimulating Agents in Heart Failure

Given its importance in the pathophysiologic characteris-
tics of anemia in CVD, the use of ESAs has also been the 
subject of much study, particularly in HF. Specifically, the 
results of early small-scale trials suggested that recombi-
nant human EPO is associated with improved quality of life 
measures and possibly fewer HF hospitalizations (Table 1). 
For example, Mancini et al. noted improvements in peak 
VO2 (p ≤ 0.05), exercise duration (p < 0.004), 6-min walk 
(p < 0.05), and Minnesota Living with Heart Failure Ques-
tionnaire responses (p < 0.04) after 3 months of treatment 
with EPO in a randomized, placebo-controlled trial that 
included 26 anemic patients [51]. A separate retrospective 
study of 26 patients conducted by Silverberg et al. further 
indicated improvements in NYHA class (p < 0.05), LVEF 
(p < 0.001), and number of all-cause hospitalizations per 
patient (p < 0.05) treated with EPO/IV iron for a mean 
treatment course of approximately 7 months [52]. On the 
contrary, the 2008 Study of Anemia in Heart Failure Trial 
(STAMINA-HeFT) which enrolled 319 patients did not find 
improved exercise duration, NYHA class, or quality of life 
outcomes with the use of darbepoetin alfa, despite improved 
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hemoglobin values. Furthermore, the authors of this trial did 
note a nonsignificant trend towards lower risk in a composite 
endpoint of death by any cause or first heart failure hospitali-
zation (HR 0.68; CI 0.43–1.08; p = 0.10) [53].

Early studies had small sample sizes; the Reduction of 
Events with Darbepoetin alfa in Heart Failure (RED-HF) 
trial (2013) was the definitive large (2278 patients), ran-
domized, double-blind trial that evaluated the effects of 
darbepoetin alfa on the primary outcome of death from 
any cause or first heart failure hospitalization; secondary 
outcomes included quality of life, as measured by the Kan-
sas City Cardiomyopathy Questionnaire Score. This study 
failed to meet its primary composite endpoint (HR 1.10; CI 
0.90–1.13; p = 0.87), with no evidence of decreased mortal-
ity or first heart failure hospitalization when assessing out-
comes individually (p = 0.51, 0.92 respectively); however, it 
did show improved quality of life, as measured by the Kan-
sas City Cardiomyopathy Questionnaire Score at 6 months 
(treatment difference = 2.2 points; CI 0.65–3.75; p = 0.005) 
and the symptom frequency score (p = 0.01). Importantly, 
an increased frequency of statistically significant throm-
boembolic adverse effects was found in the treatment arm 
(p = 0.01). When interpreting the outcome results of this par-
ticular trial, it is important to note that the treatment arm in 
this trial contained a higher proportion of NYHA class III/
IV heart failure patients than did the placebo arm (67.4% vs. 
63% NYHA class III/IV, p < 0.05), which may have affected 
the results [54].

The routine use of ESAs in the treatment of anemia in 
HF remains controversial, particularly with the increased 
thromboembolic adverse events noted in the RED-HF trial. 
Potential differences in the effects of recombinant EPO and 
darbepoetin alfa also remain unexplored, given the conflict-
ing data regarding earlier studies (which focused primar-
ily on recombinant EPO) and more recent studies (which 
focused primarily on darbepoetin alfa).

Erythropoiesis‑Stimulating Agents in Coronary 
Artery Diseas (CAD)

Similar to studies involving iron supplementation, there are 
limited data regarding ESA use in the correction of anemia 
in CAD patients. However, the non-hematopoietic effects 
of ESAs have been uniquely investigated. Specifically, in 
animal studies, EPO has been shown to be cardioprotective 
through the inhibition of apoptosis, myocardial inflamma-
tory response following ischemia/reperfusion injury, and 
even improved cardiac function as a result of direct modu-
lation of the cardiac Na + /K + pump [55]. Unfortunately, the 
Efficacy Study of Erythropoietin After Revascularization in 
Myocardial Infarction (REVIVAL-3) trial of 138 patients 
with STEMI who were randomly assigned to receive EPO 
or placebo 24 and 48 h after PCI failed to find a significant 

reduction in major adverse CV events at a follow-up period 
of 5 years (RR 1.5; CI 0.8–3.5; p = 0.26). Interestingly, a 
subgroup analysis of 39 patients with lower hemoglobin lev-
els (defined as Hg < 14.1 g/dL in this trial) found increased 
(albeit not statistically significant) mortality in EPO-treated 
patients (6.2% placebo, 21.7% EPO, p = 0.21) [56•]. The 
results of this trial indicate that ESAs have limited utility 
in CAD complicated by anemia. Nevertheless, our current 
knowledge with respect to the hematopoietic effects of ESAs 
on outcomes in CAD remains poorly explored, especially 
when compared to HF.

Red Blood Cell Transfusions

The use of RBC transfusions in cardiac patients has been 
controversial, particularly in terms of the effect of specific 
transfusion thresholds on mortality and CV outcomes. The 
main source of controversy revolves around two major trans-
fusion thresholds: a restrictive strategy (transfuse below 
7–8 g/dL) vs a liberal transfusion strategy (transfuse below 
10 g/dL) [57–59, 60••].

The Transfusion Requirements in Critical Care (TRICC) 
trial was the one of the first to evaluate these two transfusion 
strategies in a critical care population, finding no significant 
difference in the 30-day mortality rate between the groups 
(18.7% restrictive, 23.3% liberal, p = 0.11), with similar 
findings in a subgroup analysis of patients with clinically 
significant cardiac disease (20.5% restrictive, 22.9% lib-
eral, p = 0.69). Of note, patients with CV disease comprised 
approximately 32% of the trial population [57]. This trial 
has been the basis for the long-standing clinical dogma of 
“transfuse for Hg < 7 g/dL.” However, whether this applies 
to patients with CVD has been a matter of debate.

The Conservative versus liberal red cell transfusion in 
acute myocardial infarction (CRIT) trial, which focused 
on RBC transfusion in acute myocardial infarction in a 
population of 45 patients, found an increased risk of in-
hospital death, recurrent myocardial infarction, or new or 
worsening HF in the liberal arm (transfuse < 10 g/dL) vs. 
a restrictive arm (transfuse < 8 g/dL) (38% liberal, 13% 
restrictive, p = 0.046) [58]. On the contrary, the results of 
a separate larger trial involving 110 patients with acute 
coronary syndrome or stable angina who were undergo-
ing cardiac catheterization indicated that there was a trend 
towards fewer cardiac events and deaths in a liberal transfu-
sion strategy (transfuse < 10 g/dL) vs a restrictive strategy 
(transfuse < 8 g/dL), with statistical significance in 30-day 
mortality (1.8% liberal, 13% restrictive, p = 0.032). A trend 
for fewer unscheduled hospitalizations was also noted in the 
liberal transfusion group (16.4% vs. 31.5% for any cause, 
p = 0.064; 5.5% vs 14.8% for cardiac reason, p = 0.10). How-
ever, it is important to note that in this trial, the mean age 
of the restrictive arm was older than that of the liberal arm 
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(74.3 vs. 67.3, p = 0.004), and a post hoc analysis to correct 
for this difference found no statistically significant difference 
in the composite of 30-day mortality, myocardial infarction, 
or unscheduled revascularization between the two arms (OR 
2.65; CI 0.90–7.78; p = 0.076) [59]. The authors of both tri-
als recommended a larger scale randomized trial for further 
investigation.

The recently completed Restrictive And Liberal Transfu-
sion Strategies in Patients With Acute myocardial Infarc-
tion (REALITY) randomized clinical trial studied these two 
transfusion strategies in a population of 668 patients with 
acute myocardial infarction and anemia. This trial specifi-
cally showed the non-inferiority of the restrictive transfu-
sion strategy (transfuse < 8 g/dL) vs. the liberal transfusion 
strategy (transfuse < 10 g/dL) in the primary composite out-
come, including all-cause death, stroke, recurrent myocar-
dial infarction, or emergency revascularization at 30 days 
(RR, 0.79; CI 0.00–1.19). In the assessment of individual 
outcomes, a restrictive strategy resulted in lower all-cause 
death (5.6% vs. 7.7%), recurrent myocardial infarction (2.1% 
vs. 3.1%), and emergency revascularization (1.5% vs. 1.9%), 
with similar rates of non-fatal ischemic stroke (0.6%) [60••]. 
Of note, the authors did not perform statistical significance 
testing to avoid multiple comparisons of the individual out-
comes. Nevertheless, the results of this larger trial indicate 
that a restrictive transfusion strategy may be appropriate in 
CV patients.

Latest Treatment Guidelines

The 2013 American College of Physicians guidelines found 
inconclusive evidence to support IV iron use in patients with 
HF, given the lack of evidence of long-term outcomes and a 
limited number of studies at the time of recommendation [61]. 
In contrast, the 2017 ACC/AHA/HFSA focused update of the 
2013 HF guideline states that it may be reasonable to consider 
IV iron replacement in patients with NYHA class II and III HF 
with ferritin levels < 100, or between 100 and 299 if transfer-
rin saturation is < 20% (class IIb recommendation). This rec-
ommendation reflects new data from the CONFIRM-HF and 
FAIR-HF trials [62]. Iron treatment in anemic CAD patients 
remains an area with few guidelines, given the paucity of data.

The American College of Physicians guidelines strongly 
recommend against the use of ESAs in chronic heart disease 
[61]. Similarly, the ACC/AHA/HFSA guideline strongly rec-
ommend against the use of ESAs to improve morbidity and 
mortality in chronic HF and anemia (class III recommenda-
tion) [62]. No official guideline-directed recommendations 
exist on ESA use in anemic CAD patients.

The American College of Physicians guidelines recommend 
a transfusion threshold of 7–8 g/dL in acute coronary syn-
drome [61]. In contrast, guidelines from the American Asso-
ciation of Blood Banks from 2016 recommend a transfusion 
threshold of 8 g/dL in patients with pre-existing CVD; how-
ever, note that a threshold of 7 g/dL is likely similar to 8 g/dL 
[63]. Future studies assessing whether true significance exists 

Table 2   Current guidelines for the use of IV sron, ESAs, and RBC transfusions in cardiac populations

ACP, American College of Physicians; AC, American College of Cardiology; AHA, American Heart Association; HFSA, Heart Failure Society 
of America; IV, intravenous; ESA, erythropoiesis-stimulating agents; RBCs, red blood cells; NYH, New York Heart Association; HF, heart fail-
ure.

IV Iron in Heart Failure
Organization Recommendation Grade/Class Level of evidence
2013 American College of Physicians Inconclusive N/A N/A
2017 ACC/AHA/HFSA “In patients with NYHA class II and III HF and iron deficiency 

(ferritin <100ng/mL or 100 to 300 ng/mL if transferrin satura-
tion is <20%), intravenous iron replacement might be reason-
able to improve functional status and quality of life’”

IIb Moderate quality

ESAs in heart failure
2013 American College of Physicians “ACP recommends against the use of erythropoiesis-stimulating 

agents in patients with mild to moderate anemia and congestive 
heart failure.”

Strong Moderate quality

2017 ACC/AHA/HFSA “In patients with HF and anemia, erythropoietin-stimulating 
agents should not be used to improve morbidity and mortality.”

III Moderate quality

Rbc transfusions in cardiac populations
2013 American College of Physicians ACP recommends using a restrictive red blood cell transfusion 

strategy (trigger hemoglobin threshold of 7 to 8 g/dL compared 
with higher hemoglobin levels) in hospitalized patients with 
coronary heart disease.

Weak Low Quality

2016 American Association of Blood Banks “A restrictive RBC transfusion threshold of 8 g/dL is recom-
mended for patients undergoing orthopedic surgery, cardiac 
surgery, and those with preexisting cardiovascular disease

Strong Moderate Quality
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between thresholds of 7 g/dL and 8 g/dL would be helpful; 
however, it may be difficult to practically study. A summary 
of current recommendations for the treatment of anemia from 
these various organizations is provided in Table 2 [61–63].

Conclusions

Anemia is an established risk factor for CVD and is associated 
with unfavorable outcomes in both CAD and HF. Recent stud-
ies have assessed the effects of anemia treatment with iron sup-
plementation, ESAs, and RBC transfusions. While IV FC and 
ESAs in HF have resulted in improved quality of life metrics in 
clinical trials, with IV FC further showing evidence of reduced 
re-hospitalization rates in HF, neither iron supplementation, 
ESAs, nor aggressive RBC transfusions (transfuse for Hg < 10 g/
dL vs. < 8 g/dL) have resulted in improved CV and mortality 
outcomes. ESAs have further been associated with increased 
adverse thromboembolic events. There are no guideline-based 
recommendations on iron supplementation and ESAs in anemic 
CAD patients; further study is required. Differences between 
recombinant EPO and darbepoetin alfa, differences between 
transfusion thresholds of 7 g/dL vs. 8 g/dL in heart disease, and 
long-term studies of IV and PO iron supplementation with an 
emphasis on anemic populations are also areas for future study.

Anemia in CVD is a marker of underlying disease sever-
ity; however, benefits in quality of life, physical function, and 
hospitalization resulting from anemia treatment suggest that 
it has a limited role in disease modification. This remains an 
area of ongoing investigation.
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