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Anemia of cardiorenal syndrome
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Cardiorenal syndrome includes a spectrum of disorders of
the kidneys and heart in which loss of function in one
organ contributes to reduced function in the other organ.
Cardiorenal syndrome is frequently complicated by
comorbid anemia, which leads to reciprocal and
progressive cardiac and renal deterioration. The triad of
heart failure, chronic kidney disease (CKD), and anemia is
termed cardiorenal anemia syndrome (CRAS). There are
currently no evidence-based recommendations for
managing patients with CRAS; however, the treatment of
these patients is multifactorial. Not only must the anemia
be controlled, but heart failure and kidney injury must be
addressed, in addition to other comorbidities. Intravenous
iron and erythropoiesis-stimulating agents are the
mainstays of treatment for anemia of CKD, addressing both
iron and erythropoiesis deficiencies. Since erythropoiesis-
stimulating agent therapy can be associated with adverse
outcomes at higher doses in patients with CKD and is not
used in routine practice in patients with heart failure,
treatment options for managing anemia in patients with
CRAS are limited. Several new therapies, particularly the
hypoxia-inducible factor–prolyl hydroxylase inhibitors, are
currently under clinical development. The hypoxia-
inducible factor–prolyl hydroxylase inhibitors have shown
promising results for treating anemia of CKD in clinical
trials and may confer benefits in patients with CRAS,
potentially addressing some of the limitations of
erythropoiesis-stimulating agents. Updated clinical practice
guidelines for the screening and management of anemia in
cardiorenal syndrome, in light of potential new therapies
and clinical evidence, would improve the clinical outcomes
of patients with this complex syndrome.
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C ardiorenal syndrome (CRS) includes a spectrum of
disorders of the kidneys and heart in which loss of
function in one organ leads to reduced function in the

other.1 Cardiovascular disease (CVD), the leading cause of
morbidity and mortality in chronic kidney disease (CKD),2

develops in 10% to 47% of patients with CKD, with a preva-
lence in those aged $66 years, double that of similar in-
dividuals without CKD.3,4 As kidney function declines, the risk
of all-cause mortality increases, from a 20% increase in stage 3a
CKD to a nearly 500% increase in stage 5 CKD.5 In patients
with end-stage kidney disease, the risk of CVD-related mor-
tality is 20 to 30 times higher than in the general population.6

Conversely, CKD has been reported in 25% to 50% of pa-
tients with heart failure (HF),7,8 which affects an estimated 5.7
million people in the United States.9 The risk of mortality in
patients with HF is increased by 56% with CKD of any stage and
by 131% in those with moderate or severe kidney impairment.10

The risk of CVD in patients with CKD is further increased by
concomitant diabetes11,12 or hypertension,12 both of which are
more prevalent in patients with CKD than without.13

Patients with CKD and HF have an increased risk of anemia,
an independent risk factor for the development and progression
of both CVD and CKD.14 The prevalence of anemia increased
from 21% to 70% in patients with CKD as kidney function
declined and from 9% to 79% in patients with HF as disease
severity worsened from New York Heart Association (NYHA)
functional class I to IV.15 In patients with newly diagnosed HF,
the incidence of anemia was 17%, with 21% of these patients
having iron deficiency anemia,16 whereas in patients with
congestive HF, the overall incidence of anemia was 56%.15 In a
small set of patients, bone marrow iron deficiency was detected
in 40% and anemia in 17% of 42 patients with HF17 and in
73% of 37 patients with both end-stage HF and anemia.18

Anemia often develops in patients with CRS, and leads to
reciprocal and progressive cardiac and renal deterioration.19

This triad of pathophysiological conditions is termed car-
diorenal anemia syndrome (CRAS), a complex disease that is
associated with adverse clinical outcomes, increased risk of
hospitalization and mortality,7,8,20 and decreased quality of
life (QOL).21 This review will highlight the unique challenges
and integrative treatment strategies associated with the
management of patients with CRAS.

CHARACTERISTICS OF CRS
Pathophysiology of CRS
CRS arises when shifts in blood flow and organ perfusion lead
to activation of corrective mechanisms that become mal-
adaptive and negatively impact kidney and heart function,
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Table 1 | Classification of CRS1,23,25

Type Definition Major mechanisms

Type I Acute CRS
Abrupt worsening of heart
function (e.g., ACS or acute HF)
resulting in AKI

Neurohormonal,
abnormal cell signaling,
hemodynamic
abnormalities

Type II Chronic CRS
Chronic abnormalities in heart
function (e.g., chronic HF)
resulting in progressive and
permanent CKD

Chronic neurohormonal
hyperactivation

Type III Acute renocardiac syndrome
Abrupt worsening of kidney
function (e.g., AKI caused by
volume overload,
inflammatory surge, or
metabolic disturbances in
uremia; glomerulonephritis)
resulting in acute heart
disorder (e.g., acute HF,
arrhythmia, or ischemia)

Acute volume overload,
hyperkalemia, acidosis

Type IV Chronic renocardiac syndrome
CKD (e.g., chronic glomerular
disease) resulting in decreased
heart function (e.g., HF, cardiac
hypertrophy, or increased risk
of adverse CV events)

Chronic pressure and
volume overload, uremic
cardiomyopathy,
metabolic/micronutrient
abnormalities

Type V Secondary CRS
Systemic condition (e.g.,
amyloidosis, sepsis, cirrhosis,
or diabetes mellitus) resulting
in loss of both heart and
kidney function

Cytokine storm, danger-
associated molecular
abnormalities

ACS, acute coronary syndrome; AKI, acute kidney injury; CKD, chronic kidney disease;
CRS, cardiorenal syndrome; CV, cardiovascular; HF, heart failure.
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with progressive degeneration in each system.22–24 The syn-
drome is classified into 5 different types based on the primary
organ of dysfunction (heart or kidney) and the nature of the
dysfunction (acute or chronic)23 (Table 11,23,25). Key patho-
physiological pathways involved in CRS are summarized in
Figure 11,24,26–28 and have recently been reviewed in detail.1,24

CRS originating from either heart or kidney defects ultimately
leads to activation of neurohormonal networks, such as the
sympathetic nervous system, renin-angiotensin-aldosterone sys-
tem (RAAS), and vasopressin pathways, and triggers a cycle of
maladaptive processes leading to dysfunction of both organs.22,29–
31 Oxidative injury is a common link between heart and kidney
damage because both primary heart and kidney failure activate
the RAAS, and neurohormonal activation (especially angiotensin
II) in one organ leads to production of reactive oxygen species
(ROS), causing deterioration in the other organ.22 Oxidative
stress amplifies cardiac remodeling, leading to hypertrophy,32 and
disrupts the endothelial barrier, causing tissue injury.24 Mal-
adaptive cell signaling, which manifests as changes in in-
terleukins, cytokines, and micro-RNAs, in CRS due to common
comorbidities (e.g., diabetes or hypertension) causes structural
and functional changes of the heart or kidney microvasculature,
leading to endothelial barrier dysfunction and amplified
36
inflammation, ROS production, cardiac remodeling, and ab-
normalities in glomerular and tubular function.33,34

Cardiorenal anemia syndrome
Chronic kidney disease and its associated pressure overload,
volume overload, and cardiomyopathy can contribute to
congestive HF and development of anemia in CRS through
multifactorial mechanisms acting simultaneously.19 Conversely,
anemia of CRS exacerbates both CKD and CVD by blunting
erythropoietin (EPO) production, impairing oxygen delivery,
and generating tissue hypoxia that leads to peripheral vasodi-
lation and further stimulation of neurohormonal activity that
propagates the CRS cycle (i.e., decreased renal perfusion and
increased cardiac burden) (Figure 217,19,35).19,36 In CRAS, each
of the 3 conditions activates each other and is associated with
an increase in sympathetic activity, RAAS activity, oxidative
stress, and inflammation that results in tissue damage,19

creating a vicious cycle of damage.
Patients with both CKD and CVD may have low EPO

levels because of kidney damage, which causes erythropoiesis
deficiency.35,37 In addition, CKD- and CVD-induced proin-
flammatory cytokines suppress renal EPO secretion and exert
a negative effect on EPO receptors in the bone marrow,
leading to endogenous EPO resistance.38–40 Angiotensin-
converting enzyme inhibitors (ACEIs) and angiotensin II re-
ceptor blockers (ARBs), often used to manage CVD and CKD,
have also been associated with decreased hemoglobin (Hb)
levels, likely due to decreased EPO expression and/or EPO
resistance from inhibition of early erythroid progenitor cell
proliferation in the bone marrow.35,41 The release of proin-
flammatory cytokines, as occurs in both CKD and CVD, in-
creases hepcidin-25 concentrations (see Haase42 and
Agarwal43 in this supplement), which cause functional iron
deficiency by decreasing intestinal iron absorption and
inhibiting iron release from internal stores, leading to
impaired Hb synthesis and iron-restricted erythropoiesis.37,40

Moreover, iron deficiency can be caused or exacerbated by
blood loss associated with hemodialysis or frequent phle-
botomy,44,45 underlying nutritional defects, or reduced in-
testinal iron absorption due to certain drugs, malignancies, or
inflammatory bowel diseases.35

Dysregulation of phosphate homeostasis can prompt
pathophysiological changes in bone mineral metabolism and
may cause or worsen anemia of CRS. Impaired renal phos-
phate clearance in CKD may lead to decreased vitamin D
activation and consequent hyperphosphatemia, reduced in-
testinal calcium absorption, and hypocalcemia.46 This shift in
calcium homeostasis causes excessive parathyroid hormone
secretion, which may inhibit EPO synthesis and shorten red
blood cell (RBC) survival.47 Hyperphosphatemia is linked to
increased blood pressure and left ventricular (LV) hypertro-
phy.48 In addition, elevated levels of fibroblast growth factor
23, expressed during hyperphosphatemia, are associated with
bone disorders and can both directly and indirectly affect
anemia as well as directly stimulate myocardial hypertrophy
and fibrosis.49,50 Fibroblast growth factor 23 directly inhibits
Kidney International Supplements (2021) 11, 35–45
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Figure 1 | A schematic diagram of the mechanisms underlying cardiorenal syndrome.1,24,26–28 Dysfunction in either the heart or kidneys,
caused by systemic insults, triggers hemodynamic and nonhemodynamic changes, culminating in cardiorenal syndrome (CRS) and
propagating a vicious cycle (double-headed black arrows). Black arrows indicate pathophysiological interactions in CRS; blue arrow,
hemodynamic changes; dotted red arrows, consequences of nonhemodynamic changes; and green arrow, mechanism to correct renal
function (decompensated). ANP, atrial natriuretic peptide; BNP, brain natriuretic peptide; BP, blood pressure; CVP, central venous pressure; GFR,
glomerular filtration rate; HF, heart failure; Naþ, sodium; RAAS, renin-angiotensin-aldosterone system; RBF, renal blood flow; SNS, sympathetic
nervous system.
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EPO production in the kidneys, which leads to reduced RBC
production, and stimulates release of proinflammatory cyto-
kines.49,50 Because systemic inflammation stimulates fibro-
blast growth factor 23 production, a positive feedback loop is
created that indirectly promotes acceleration of anemia of
CKD and inflammatory-cytokine mediated functional iron
deficiency via hepcidin upregulation.50

Oxidative stress is an important factor in the development
and progression of CRAS. Elevated expression of renal NAD
phosphate oxidase during kidney dysfunction and increased
activation by uremic toxins, which accumulate in CKD, lead
to excessive production of ROS.51 Inflammation also leads to
generation of ROS.24 Increased ROS and reduced antioxidant
defense mechanisms, with resultant oxidative stress,
contribute to anemia52 and alter the membrane properties of
RBCs to enhance their removal by the spleen.51 Furthermore,
reductions in Hb caused by iron deficiency exacerbate
oxidative stress.51 Treatment-related iron overload, (e.g., i.v.
iron) also results in increased labile iron levels, stimulating
ROS production and oxidative stress.51
Kidney International Supplements (2021) 11, 35–45
Several comorbidities are thought to contribute to the
development of anemia in patients with CKD or CVD. The
risk of anemia is significantly associated with diabetes,
irrespective of kidney function.53 Patients with diabetes and
all levels of kidney function have a higher prevalence of
anemia than the general population, when matched for
glomerular filtration rate, and many have iron deficiency
(50% with Hb <11 g/dl; 43% with World Health
Organization–defined anemia [<12 g/dl, women; <13 g/dl,
men]).54 Although more common in patients with kidney
dysfunction,53,54 development of anemia is also thought to
be related to diabetes, perhaps resulting from EPO defi-
ciency as a consequence of diabetic nephropathy, interstitial
fibrosis, vascular lesions or cytokine-induced inhibition of
synthesis, or glycation of the EPO receptor secondary to
hyperglycemia.55 Testosterone deficiency is also implicated
as a cause of anemia in men and women with and without
kidney impairment, with bioavailable testosterone levels
being linearly correlated with Hb levels and prevalence of
anemia.56,57
37



Figure 2 | The cycle of damage in cardiorenal anemia syndrome.17,19,35 *Medications used in heart failure (HF) associated with anemia
include angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, and b-blockers. ADH, antidiuretic hormone (vasopressin);
BNP, brain natriuretic peptide; BP, blood pressure; EC, extracellular; EPO, erythropoietin; Hct, hematocrit; HR, heart rate; LVH, left ventricular
hypertrophy; Naþ, sodium; PV, plasma volume; RAAS, renin-angiotensin-aldosterone system; RBF, renal blood flow; SNS, sympathetic nervous
system; SV, stroke volume.
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Epidemiology and clinical consequences of CRAS
Although the definition of CRAS varies, several studies have
defined the syndrome as HF with an estimated glomerular
filtration rate (eGFR) of <60 ml/min per 1.73 m2 (i.e., stage
3–5 CKD) and anemia with Hb levels of <13 g/dl for males
and <12 g/dl for females.7,8,58–60 Using this definition, the
prevalence of CRAS among patients with HF ranges from
19% to 44%,7,8,58–60 and the prevalence of anemia in patients
with CRS ranges from 39% to 45%.8 However, anemia may
be underdiagnosed in patients with HF, depending on the
definitions and methods used.61,62 Predictors for CRAS in
patients with HF include diabetes, high natriuretic peptide
levels, and the use of i.v. diuretics.8 Similarly, predictors of
anemia in patients with HF include high natriuretic peptide
levels, reduced kidney function (<60 ml/min per 1.73 m2),
diabetes mellitus, LV ejection fraction $30%, and male sex.62

Patients with CRAS have a considerably increased risk of
adverse clinical outcomes when compared with patients with
HF alone.8,58,59,63 In a prospective study in outpatients with
HF, CRAS was significantly associated with all-cause mortality
(hazard ratio 2.0; 95% confidence interval, 1.4–2.8; P <
0.001) and was a stronger predictor of this outcome than LV
dysfunction, absence of b-blocker treatment, and age.58

Similarly, the mortality rate of patients with HF was signifi-
cantly higher among patients with CRAS versus those without
CRAS (74% vs. 46% over a mean follow-up ofw3–4 months;
P < 0.001).59 In hospitalized patients with mild to severe HF,
CRAS significantly increased the risk for the composite of
38
cardiac death, nonfatal myocardial infarction, or rehospitali-
zation for HF (33.4% vs. 11.2%; P < 0.001) or for renal
replacement therapy (6.5% vs. 0.8%; P < 0.001).8

In a retrospective study, hospitalized patients with CVD at
risk of HF, but with no prior history of HF, had a significantly
higher risk of major adverse cardiovascular (CV) events when
both CKD and anemia were also present (32%; P < 0.001)
compared with comorbid CKD alone (19%), anemia alone
(14%), or no CKD and no anemia (12%).63 Among patients
with well-controlled hypertension on ARB therapy and no
evidence of moderate or severe (NYHA class III or IV) HF,
those with anemia had a significantly increased risk of adverse
CV and renal events compared with patients without anemia
(hazard ratio 1.82; 95% confidence interval, 1.12–2.96; P ¼
0.0163),14 indicating that anemia correction is essential in
patients with CRS or at risk of CRS.

Although QOL in patients with CRAS was not evaluated,
significant alterations in psychological state due to depression,
anxiety, and decreased vitality and daily activities were re-
ported in patients with type II CRS compared with patients
with HF and no kidney impairment.64

THE MANAGEMENT OF PATIENTS WITH CRS
Guideline-directed medical therapy (GDMT), such as b-
blockers, ACEIs, and ARBs, has improved the management
and clinical outcomes of patients with HF and those with
CKD over the past few decades.65,66 However, the manage-
ment of CRAS is complicated and lacks specific
Kidney International Supplements (2021) 11, 35–45



Table 2 | Guideline-directed management of HF, by ACCF/AHA class, and CKD79–81

ACCF/AHA stage

NYHA
functional
classification Recommendation Treatment options

HF
A: At high risk for HF but
without structural heart
disease or symptoms of
HF

None Control hypertension and lipid disorders
Control or avoid conditions that could contribute/lead
to HF: obesity, diabetes
mellitus, tobacco use, known cardiotoxic
agents

Diuretic-based therapy
ACEIs
ARBs
b-Blockers

Statins
Glucose-lowering agents

B: Structural heart disease
but without signs or
symptoms of HF

I Treatment based on clinical history
Control hypertension and lipid disorders
Control or avoid conditions that could contribute/lead
to HF: obesity, diabetes
mellitus, tobacco use, known cardiotoxic
agents

Diuretic-based therapy
ACEIsa

ARBs
b-Blockers

History of MI or ACS and reduced EF:
ACEIs,a ARBs, b-blockers
History of MI or ACS: statins
Reduced EF, no history of MI: ACEIs,a

b-blockers
Structural cardiac abnormality, no history
of MI or ACS: BP-controlling agents

C: Structural heart disease
with prior or current
symptoms of HF

I–IV HFrEF:
Specific education to facilitate self-care required
(monitor symptoms, weight, and activity; control
sodium intake; and take medications)
Treatment based on clinical history
Control hypertension and lipid disorders
Control or avoid conditions that could contribute/lead
to HF: obesity, diabetes mellitus, tobacco use, known
cardiotoxic agents

HFpEF:
Control hypertension and relieve symptoms
of volume overload
Coronary revascularization for patients with CAD and
angina/myocardial ischemia despite GDMT
Manage AF

HFrEF:
ACEIa or ARB plus b-blocker; diuretic as
needed (patients with fluid retention)
Additional therapies based on patient and
disease characteristicsb: aldosterone
antagonists, angiotensin receptor–
neprilysin inhibitor, hydral-nitrates,
ivabradine, SGLT2i

HFpEF:
ACEIs, ARBs, or b-blockers
In selected patientsc: aldosterone receptor
antagonists

D: Refractory HF, requiring
specialized interventions

IV Thorough evaluation to ascertain diagnosis
is correct and there are no remediable etiologies or
alternative explanations for advanced symptoms
Restrict fluids
Provide inotropic support if in cardiogenic shock, or
refractory to GDMT and device therapy, or hospitalized
with severe systolic dysfunction, low BP and depressed
CO, or requiring palliative therapy

Dopamine, dobutamine, milrinone

CKD
All grades Individualize BP targets and agents according to age,

coexistent CVD and other comorbidities, risk of
progression of CKD, presence or absence of retinopathy
(in patients with diabetes), and treatment tolerance
Reduce protein and salt intake
Glycemic control in patients with concomitant diabetes
mellitus

ACEIs or ARBs
Patients with CKD and diabetes:
ACEIs or ARBs, SGLT2i statins, antiplatelet
therapy, glucose-controlling therapy, as
indicated

ACCF, American College of Cardiology Foundation; ACEI, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; AF, atrial fibrillation; AHA, American Heart
Association; ARB, angiotensin receptor blocker; BP, blood pressure; CAD, coronary artery disease; CKD, chronic kidney disease; CO, cardiac output; CVD, cardiovascular disease;
EF, ejection fraction; GDMT, guideline-directed medical therapy; HF, heart failure; HFpEF, HF with preserved EF; HFrEF, HF with reduced EF; hydral, hydralazine; LVEF, left
ventricular EF; MI, myocardial infarction; NYHA, New York Heart Association; SGLT2i, sodium-glucose transporter 2 inhibitor.
aThe preferred treatment option if not contraindicated.
bAldosterone antagonist for patients with NYHA class II to IV HF, creatinine clearance >30 ml/min, and potassium <5.0 mEq/L; discontinue ACEI or ARB and initiate
angiotensin receptor–neprilysin inhibitor for patients with NYHA class II to III HF, adequate BP on ACEI or ARB, and no contraindication to ARB or sacubitril; initiate hydral-
nitrates in Black patients with NYHA class III to IV HF; insert implantable cardioverter-defibrillator in patients with NYHA class II to III HF and LVEF #35% (also >1-year survival
and >40 days post-MI); cardiac resynchronization therapy or device for patients with NYHA class II to IV HF, LVEF #35%, normal sinus rhythm QRS $150 seconds, and left
bundle-branch block; ivabradine for patients with NYHA class II to III HF, normal sinus rhythm, and heart rate $70 beats/minute on maximally tolerated dose of b-blocker.
cEF $45%, increased B-type natriuretic peptide levels or HF admission within 1 year, estimated glomerular filtration rate >30 ml/min, creatinine <2.5 mg/dl, and
potassium <5.0 mEq/L.
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recommendations that take into account progressively dete-
riorating kidney function, different stages of HF, and the
presence/absence of diabetes, hypertension, and other
comorbidities. The clinical manifestation of CRAS is a com-
bination of these factors and may require different approaches
in individual patients as well as frequent medication changes
that may deviate from GDMT. For example, initiation of
ACEIs or ARBs can cause a decrease in kidney function in a
subset of patients, and the risk of hyperkalemia from pro-
longed use of these medications is increased in patients with
CKD or diabetes.67,68 Acute kidney injury is also common in
patients with indications for RAAS inhibitors, and can result
in hypotension, necessitating a dose reduction or withdrawal
of the RAAS inhibitor.67 Mineralocorticoid receptor antago-
nists (such as spironolactone and eplerenone), neprolysin
inhibition with sacubitril in combination with valsartan,
ivabradine, and the combination of long-acting nitrates and
hydralazine can therefore be appropriate oral therapy and part
of treatment to achieve the most effective and best tolerated
personalized regimen to reduce the risks of HF hospitalization
and CV death in specific patients.69–73 Recently, sodium-
glucose transporter 2 inhibitors have been demonstrated to
reduce HF hospitalization, progression of kidney disease, and
CV death in large outcomes trials in patients with type 2
diabetes mellitus.74 One sodium-glucose transporter 2 in-
hibitor, dapagliflozin, has been shown to reduce HF hospi-
talization and CV death in both diabetics and nondiabetics.75

In addition, correction and prevention of anemia with
sodium-glucose transporter 2 inhibitors have been demon-
strated in type 2 diabetes mellitus patients, including in pa-
tients with anemia of CKD.76,77

Most patients who develop chronic CRS have a history of
hypertension, diabetes mellitus, or both. A typical patient
would have at least a 20-year history of type 2 diabetes mel-
litus, hypertension, obesity, and coronary heart disease, with
LVejection fraction <45% and effort intolerance on moderate
or greater exertion. Their laboratory profile would be an
eGFR <45 ml/min per 1.73 m2, urine albumin-to-creatinine
ratio 30 to 300 mg/g, blood-brain natriuretic peptide >100
pg/ml, galectin-3 >17 pg/ml, and suppression of tumori-
genesis 2 >35 ng/ml,78 with a large fraction also having a
baseline troponin concentration above the upper limit of
normal. Therefore, management of CRS generally aims to
reduce blood pressure and improve glycemic control.25 Based
on GDMT for patients with HF (Table 279–81), a typical pa-
tient with CRS will most likely receive therapy with an ACEI
or ARB, b-blocker, and/or mineralocorticoid receptor antag-
onists,66 and may also receive glucose-lowering medications,
featuring the sodium-glucose transporter 2 inhibitor
class.25,82 Angiotensin-converting enzyme inhibitors and
ARBs are also recommended for the management of patients
with CKD (Table 279–81), including those with acute
decompensated HF.83,84 Selected inpatients with acute
decompensated HF and evidence of poor renal perfusion may
also benefit from infusions of positive inotropic agents (e.g.,
dopamine, dobutamine, and milrinone) or loop diuretics
40
(e.g., furosemide and torsemide) for relief of congestion.85

Patients with advanced CKD or end-stage kidney disease
may require dialysis, but there is a lack of evidence to support
use of pharmacotherapy in patients with comorbid HF and
end-stage kidney disease.85,86 Both i.v. and oral loop diuretics
reduce fluid retention, helping to correct volume overload, in
patients with congestive HF and can improve renal perfusion
in those with impaired kidney function. However, aggressive
treatment with high doses of these agents can result in
increased sympathetic nervous system and RAAS activity, and
increased renal sodium reabsorption, causing further
impairment of kidney function.67,85
The management of patients with CRAS
Management of CRAS requires a multidisciplinary approach
that considers functional and absolute iron status, the clas-
sification of heart and kidney disease, and prognostic in-
dicators for worsening clinical condition (e.g., eGFR, urine
albumin-to-creatinine ratio, natriuretic peptide concentra-
tions, galectin-3, suppression of tumorigenesis 2, troponin,
LV ejection fraction, and Hb levels).87–89 However, GDMT in
patients with CRAS is limited. Kidney Disease: Improving
Global Outcomes convened an international, multidisci-
plinary conference to discuss the treatment of anemia in
patients with CKD and HF and concluded that ESAs have no
effect on the prevention or the treatment of HF in patients
with CKD.70 Parenteral iron was deemed suitable for patients
with concomitant HF and CKD, improving functional ca-
pacity, symptoms, and eGFR, whereas hypoxia-inducible
factor–prolyl hydroxylase (HIF-PH) inhibitors were high-
lighted as promising for these patients.70

When considered separately, additional guidance for
treating anemia in HF and CKD is available. However, the
respective requirements can differ and must be reconciled in
patients who present with anemia of CRS. The American
College of Cardiology Foundation, American Heart Associa-
tion Task Force on Clinical Practice Guidelines, and Heart
Failure Society of America recommend evaluation for anemia
in routine baseline assessment of all patients with HF.79

Similarly, the 2012 Kidney Disease: Improving Global Out-
comes guideline recommends regular assessment of Hb levels
in patients with CKD, with increasing frequency as kidney
function declines.90 Evaluation should include a complete
blood cell count, absolute reticulocyte count, serum ferritin
levels, serum transferrin saturation, and serum vitamin B12
and folate levels to assess the potential cause of anemia and
rule out absolute iron deficiency.90 As discussed by others in
this issue of the supplement, i.v. iron and ESAs are the
mainstays of treatment for anemia of CKD, addressing both
iron and EPO deficiencies.90 However, higher ESA doses
needed to achieve anemia correction have been associated
with adverse outcomes in patients with CKD, and ESAs are
not recommended in patients with HF and anemia; only i.v.
iron, in cases of iron deficiency, is recommended for patients
with HF and anemia.79 Patients with CRAS therefore pose a
Kidney International Supplements (2021) 11, 35–45
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treatment dilemma for clinicians as many need greater im-
provements in symptoms despite maximized GDMT.

Intravenous iron
Intravenous iron therapy improves iron parameters in pa-
tients with HF and iron deficiency (serum ferritin <100 mg/L
or 100–299 mg/L when transferrin saturation <20%), with or
without anemia, including those with or without CKD or
CRS.91–94 In the Ferinject Assessment in Patients with Iron
Deficiency and Chronic Heart Failure (FAIR-HF) trial in
patients with chronic HF in which the mean eGFR was w64
ml/min per 1.73 m2, i.v. ferric carboxymaltose was associated
with significant increases in Hb, serum ferritin, and trans-
ferrin saturation, compared with placebo (P < 0.001), in
patients with anemia (Hb #12 g/dl) and in the overall study
population.91 These improvements in iron parameters were
accompanied by improvements in NYHA functional class,
6-minute walk tests, and QOL at 24 weeks.91 In the Ferric
Iron in Heart Failure (FERRIC-HF) trial, i.v. iron sucrose,
compared with no treatment, significantly increased serum
ferritin (P < 0.01), transferrin saturation (P < 0.05), NYHA
functional class (P < 0.01), and fatigue score (P < 0.01) QOL
over 18 weeks and improved QOL relative to baseline.93 There
were no changes in Hb, irrespective of the presence of anemia
(Hb #12.5 g/dL).93 Improvements in iron parameters were
maintained at 12 months in patients with stable HF NYHA
class II or III (mean eGFR of w65 ml/min per 1.73 m2)
receiving i.v. ferric carboxymaltose in the Ferric Carbox-
ymaltOse evaluatioN on perFormance in patients with IRon
deficiency in coMbination with chronic Heart Failure
(CONFIRM-HF) study.94 Notably, patients receiving i.v. iron
continued to have significantly better 6-minute walk test re-
sults, fatigue scores, and QOL, along with reduced risk of
hospitalization for worsening HF or all-cause death at 12
months (P < 0.05 for all).94 The beneficial effect of i.v. iron
therapy on the 6-minute walk test was also seen in patients
with HF and an eGFR of <60 ml/min per 1.73 m2 at week
24.94

A retrospective study of patients with CRS and anemia
(Hb <12 g/dl) showed that i.v. iron sucrose used alone at 200
mg/wk for 6 weeks significantly increased mean Hb levels
from baseline (from 10.6 to 11.9 g/dl; P < 0.001), similar to
combined treatment with weekly subcutaneous epoetin-b
(from 10.2 to 12.4 g/dl; P < 0.001).92 Notably, baseline iron
status did not predict increases in Hb in patients who received
iron alone or with ESAs. Treatment with appropriately dosed
i.v. iron without ESAs, consistent with recommended treat-
ment guidelines, may be sufficient for anemia management in
patients with CRS and anemia.92 Similar findings among
patients on hemodialysis indicate that optimal i.v. iron usage
may allow for a reduction in ESA dosing, thereby reducing
ESA hyporesponsiveness and drug toxicity.44

Therefore, i.v. iron appears to have a key role in the
management of anemia in patients with CRAS, and is a
recommended therapy for patients with both CKD and
anemia90 and HF and iron deficiency to improve clinical
Kidney International Supplements (2021) 11, 35–45
functioning and QOL.79,95 In aggregate, data suggest that
i.v. iron not only treats iron deficiency anemia, but also
influences the natural history of HF and is associated with
improvements in symptoms and functional capacity, re-
ductions in hospitalization for worsening HF, and the
composite end point of hospitalization for worsening HF or
all-cause death.
Erythropoiesis-stimulating agents
Although ESA therapy is beneficial in many patients, a sub-
stantial proportion of patients with CKD or congestive HF
have ESA resistance, likely as a result of antagonism of EPO by
proinflammatory cytokines, and do not achieve improve-
ments in Hb levels at usual therapeutic ESA doses.40

In addition to improving Hb and iron parameters, ESA
therapy has been associated with reductions in LV mass and wall
thickness and long-term reductions in renal composite out-
comes in Japanese patients with CKD.96 Combined ESA therapy
and i.v. iron also increase Hb levels and stabilize falling creati-
nine clearance in patients with HF.97 However, in iron-replete
patients with systolic HF and mild-to-moderate anemia, ESA
therapy did not significantly reduce the risk of the composite
outcome of death from any cause or first hospitalization for
worsening HF, despite significant increases in Hb levels.98 Based
on the results of this and other studies, ESAs are not recom-
mended by the American College of Cardiology Foundation, the
American Heart Association Task Force on Clinical Practice
Guidelines, and the Heart Failure Society of America as therapy
to improve morbidity and mortality, or by the European Society
of Cardiology in patients with HF and anemia.79,95

For patients with CKD, higher ESA doses to achieve a
target Hb >11 g/dl are not recommended because of
increased risk of CV-related adverse events or mortality,80,99

most likely related to CV toxicity of high ESA doses and
not due to the normalization of Hb. In the Correction of
Hemoglobin and Outcomes in Renal Insufficiency (CHOIR)
study, low exposure to epoetin alfa and achievement of Hb
>11.5 g/dl or >12.7 g/dl reduced the risk of the composite
outcome (death, HF, stroke, and myocardial infarction) in
patients with CKD, whereas patients with the highest expo-
sure to the ESA and lowest achieved Hb levels (#11.5 g/dl)
had an increased risk of the composite end point.100

In the Mechanisms of Erythropoietin Action in the Car-
diorenal Syndrome (EPOCARES) study in patients with
CRAS, epoetin-b for 50 weeks led to significant increases in
Hb and hematocrit levels compared with standard care.101

However, significant increases in C-terminal fibroblast
growth factor 23 were also observed with epoetin-b therapy,
which were positively associated with an increased risk of
mortality, providing a possible mechanism for the increased
CV risk.101

Consistent with the limited data regarding the use of ESAs
in patients with CRAS, and lack of recommendation for their
use in HF,79 real-world data suggest that a relatively low
proportion of patients with CRAS (10%) are prescribed ESA
41
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therapy, with previous iron therapy and more severe CKD
being predictors of initiating ESA therapy.102

RBC transfusions
RBC transfusion (RBCT) is indicated when ESA therapy is
ineffective, when the associated risks of ESA therapy outweigh
its potential benefits, or when rapid correction of acute
anemia is necessary.90 In general, RBCTs should be avoided in
patients with chronic CKD anemia or in those eligible for
organ transplant to minimize the risk of adverse outcomes
(e.g., CV events and allosensitization).90 The risks associated
with RBCTs likely also apply to patients with CRAS, but data
regarding the use of RBCTs in these patients are limited.

According to the American Association of Blood Banks’
clinical guidelines, Hb <8 g/dl is recommended as the
threshold for considering RBCT in hospitalized patients with
preexisting CVD; however, data are insufficient to make any
such recommendation for patients with acute coronary syn-
drome.103 A systematic review indicated an Hb threshold of 7
to 8 g/dl for RBCT was safe in patients undergoing heart
surgery, but data in patients with coronary artery disease,
acute coronary syndrome, or congestive HF remain
limited.104 RBCT in patients with acute coronary syndrome
has been associated with increased mortality risk.105 The re-
sults of meta-analyses of randomized trials support a
restricted rather than a liberal transfusion approach that
would likely apply to most patients with CRAS.106 Given the
lack of data regarding the use of RBCT specifically in patients
with CRAS, a careful risk-benefit assessment is needed.

New treatment options for anemia management
Given the shortcomings and challenges with the current treat-
ment modalities, patients with CRAS would greatly benefit from
additional treatment options for anemia. As discussed by others
in this supplement, HIF-PH inhibitors promote physiological
EPO production by inhibiting the enzyme responsible for
downregulation of the transcription factor that controls EPO
expression and corresponding erythropoiesis.107 Several oral
HIF-PH inhibitors (e.g., daprodustat, desidustat, enarodustat,
molidustat, roxadustat, and vadadustat) have advanced to global
phase 3 trials following promising phase 2 trials in which these
agents maintained or increased Hb levels, without clinically
relevant adverse events, in patients with CKD and anemia.108–110

HIF-PH inhibitors have direct effects on iron metabolism
through regulation of several genes involved in iron transport
and absorption, independent of EPO stimulation.108 In addition,
these agents reduced serum hepcidin108,110 and cholesterol
levels110 and may have additional beneficial effects independent
of EPO production or iron metabolism regulation, such as the
ability to alleviate ischemic injury and improve heart function,
vascular pathology, and diabetic nephropathy.111–113 The in-
creases in Hb levels observed with HIF-PH inhibitors occur with
much lower circulating EPO levels than seen with ESAs and,
according to studies to date, do not seem to be influenced by
baseline inflammation status, perhaps as a result of their effects
on hepcidin levels.111 However, HIF has several gene targets
42
affecting multiple organs and cellular functions, and the full
range of effects of HIF-PH inhibitors, including angiogenesis
and glucose metabolism, has yet to be elucidated.111

The hepcidin antagonist PRS-080#22 improved functional
iron deficiency and was well tolerated in a phase 1 study in
patients on hemodialysis; phase 2 trials are currently under-
way (NCT03325621 and NCT02754167), but exclude patients
with congestive HF NYHA class III or IV.114 Further studies,
particularly in patients with CRAS, are needed to assess the
effects of hepcidin inhibition on cardiac and kidney function
and to appraise its utility in the treatment of anemia of CRAS.

CONCLUSIONS
The management of anemia in patients with CRAS is chal-
lenging as multiple guideline-recommended medications are
required to effectively control the loss of heart and kidney
function in these patients, and data regarding the optimal
strategy for patients with CRAS are limited. Updated clinical
practice guidelines for the screening and management of
anemia in CRS, particularly in light of potential new therapies
and clinical evidence, would improve the clinical outcomes of
patients with this complex syndrome.
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