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The prognosis of acute heart failure (AHF) remains gener-
ally but not uniformly poor with all-cause mortality (ACM)
rising to 10-20% at 2-3 months and 17-37% at 1 year.
Moreover, almost 25% of patients are readmitted within
30 days, and up to 46% within 6 months after discharge
from hospitalization for AHF. Many patients will die within
the first few months after hospitalization for heart failure
(HF), but most will not. Delay of discharge or more inten-
sive post-discharge surveillance may improve the prognosis
of AHF patients at high short-term risk of readmission or
death, but this requires risk stratification of the individual
patient already during the hospitalization. Most important,
prediction should be easily applicable and adequate to make
risk stratification of this high-risk population worthwhile
[1,2].

Biomarkers have been shown to improve prediction on
top of clinical assessment in patients with chronic heart fail-
ure (HF), but the incremental predictive value of a single
biomarker such as B-type natriuretic peptide or troponin I in
AHF is small when added to a clinical evaluation [3]. Never-
theless, results from the Multinational Observational Cohort
on Acute Heart Failure (MOCA) study suggest improved
risk prediction if miscellaneous biomarkers are considered
for assessment of different signaling pathways engaged in
HF.

Red blood cells display physiological size heterogene-
ity in the adult, and the distribution of red cell distribution
width (RDW) is a parameter routinely reported in complete
blood cell counts. Increase of RDW has been associated with
an higher risk for progression of cardiovascular disease, can-
cer and renal disease in multiple studies suggesting that this
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parameter might also serve for prediction of prognosis in
chronic HF.

In fact, RDW appears as the strongest predictor for
adverse outcome among 36 laboratory values considered
in the Candesartan in Heart Failure: Assessment of Reduc-
tion of Mortality and Morbidity (CHARM) study as dem-
onstrated in the 2679 patients of North American Cande-
sartan HF cohort. This association is further validated and
confirmed in a replication set of 2410 matched patients
from a local cohort. This predictive role of RDW in stable
chronic HF is corroborated in a meta-analysis including a
large number of smaller studies that investigated the role of
RDW in HF. In addition, increased RDW is a predictor of
incident HF and all-cause mortality in a post hoc analysis
of the 4111 participants in CARE study (Cholesterol and
Recurrent Events), which had included patients with sta-
ble coronary artery disease. Altogether, present evidence
promotes the use of RDW for estimating prognosis in HF,
and its application for prognostication of outcome in stable
coronary artery disease.

In the past few years, various prospective cohort studies
have investigated the role of RDW for risk assessment in
patients with acute HF. Most important, all these studies
show a consistent association of increased RDW at admis-
sion with all-cause mortality [4—9]. This association is main-
tained even when AHF patients are separated into a group
with preserved left ventricular ejection fraction or reduced
left ventricular ejection fraction [5, 9].

A number of studies further refine risk prediction in acute
HF by RDW measurement at admission and discharge based
on the hypothesis that clinical improvement from hospitali-
zation for HF might have an impact on RDW. Increase of
RDW between measure at admission and discharge is associ-
ated with an higher all-cause mortality in prospectively fol-
lowed acute HF cohorts from South Korea (n = 261), Israel
(n = 614) [4], Spain (n = 1702) [5], the US (n = 6414) [6],
Japan (n = 229) [7], Switzerland (n = 402) [9], and in the
Italian RE-AHF study (n = 451) [8]. The consistency of
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the association of RDW increase with all-cause mortality
(HR 1.08-1.54) conjoined with the stability of this associa-
tion across different ethnicities altogether provides a strong
argument for recognition and broad application of this easily
available parameter.

Improving 30-days readmission rate continues to be prob-
lematic for many hospitals, and more recently, a gender-spe-
cific 30-days readmission risk score has been derived in a HF
cohort of the Intermountain Healthcare group (n = 6079) out
of 182 inpatient data elements per patient. The components
of the gender-specific inpatient HF risk score differ between
males and females, and RDW was included only in the male
inpatient HF score. Validation of the gender-specific inpa-
tient risk score in another inpatient HF cohort (n = 5162)
confirms applicability of the gender-specific inpatient scores
[1]. For the moment it remains unclear whether the gender-
specific relevance of RDW is related only to short-term
prediction, or whether gender really plays a role. However,
RDW is a component of another non-gender-specific risk
score developed for prediction of 1-year all-cause mortality
and rehospitalization after AHF related hospitalization [2].
Of note, in the latter study B-type natriuretic peptide is not
related with the combined endpoint while, in contrast, RDW
is so strongly related that it is entered into the risk score [2].

The question remains how to integrate the measure of
the RDW into the clinical pathway of patients admitted
for AHF. The “Recommendations on the pre-hospital and
early hospital management of acute heart failure” by the
European Society of Cardiology, the Society of Emergency
Medicine and the Society of Academic Emergency Medicine
provide helpful guidance for care of AHF within the initial
30-60 min, and observation for the subsequent 60—120 min.
Thereafter, the guidelines recommend implementation of
oral disease-modifying therapy in consideration of an indi-
vidual patient’s clinical presentation, while advice on risk
stratification of the individual patient already defined during
the hospitalization is missing.

On the basis of the current evidence, appraisal of the role
of RDW for the discharge management of patients hospital-
ized for AHF is warranted. It is true that the association
of RDW with non-cardiovascular disease could falsify the
cardiovascular prognosis. However, anisocytosis can con-
tribute to the progression of HF because in conditions of
high-anisocytosis, red blood cells present a reduced deform-
ability and decreased oxygen-carrier binding capacity, which
can reduce tissue oxygenation in the myocardium and in
peripheral tissues. While this suggests a direct impact of
RDW on myocardial function, HF in itself may have effects
on RDW. HF is associated with activation of both cell- and
cytokine-mediated inflammatory pathways, which can
induce bone marrow dysfunction with release of premature
erythrocytes into the circulation. HF is furthermore related
to nutritional deficiencies and local oxidative stress, which
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can likewise derange hematopoiesis. HF also promotes renal
dysfunction resulting in anemia and anisocytosis [10]. In
addition, older age is associated with anisocytosis as a result
of multiple metabolic dysfunctions; moreover, advanced age
is likewise a risk factor for heart failure. Last but not least,
iron deficiency (ID) is another cause for anisocytosis, and
ID is not only highly prevalent in chronic HF, but also in
acute HF with a reported prevalence of 58-83%. Correc-
tion of ID with intravenous ferric carboxymaltose is shown
to decrease RDW in a subanalysis of the Ferinject Assess-
ment in Patients with Iron Deficiency and Chronic Heart
Failure (FAIR-HF) study. Whether ID correction during an
AHF hospitalization can reduce mortality and readmission
is currently being evaluated by the Study to Compare Fer-
ric Carboxymaltose With Placebo in Patients With Acute
Heart Failure and Iron Deficiency (AFFIRM-AHF) study
(NCT02937454).

Altogether, current evidence suggests a pathophysiolog-
ical concept of broad interaction between RDW and HF,
which can explain the strong association between RDW and
risk prediction in heart failure disease.
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