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SAZETAK

Prisustvo anemije kod bolesnika sa sréanom slabo3¢u predstavlja nezavisni los
prognosticki faktor. Etiologija anemije je multifaktorijalna, a u njoj ucestvu-
ju kako priroda same hronicne srcane slabosti, tako i starije Zivotno doba ovih
bolesnika i ucestali komorbiditeti. Apsolutni ili funkcionalni deficit gvozda, cak
i u odsustvu anemije, kod bolesnika sa srcanom slabo3¢u znacajno utice na opa-
danje kvaliteta Zivota, te na povecanje ucestalosti hospitalizacije i mortaliteta.
Kompleksna etiologija i patofiziologija anemije oteZavaju pravilno tumacenje
laboratorijskih parametara metabolizma gvoZda, a takode iziskuju i specifican
terapijski pristup.
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ABSTRACT

The presence of anemia in patients with heart failure is a significant independent
adverse prognostic factor. The etiology of anemia is multifactorial and the nature
of heart failure itself, advanced age, and frequent comorbidities contribute to its
development. Notably, absolute or functional iron deficiency, even in the absence
of anemia, significantly diminishes the quality of life, increases hospitalization
frequency, and raises mortality rates in patients with heart failure. The intricate
etiology and pathophysiology of anemia present a challenge for the accurate
interpretation of laboratory parameters of iron metabolism and necessitate a
tailored therapeutic approach.
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uvoD

Anemija i dalje predstavlja veliki globalni zdravstveni
problem, iako je poslednjih godina primeéen znaca-
jan opadajudi trend, nastao zahvaljujudi preventivnim
merama. Na osnovu analize sprovedene 2019. godine
u 204 zemlje Sirom sveta, procenjeno je da 1,8 milijardi
ljudi ima anemiju, sa starosno prilagodenom prevalen-
cijom od 23% [1]. Najnoviji epidemioloski podaci po-
kazuju da oko 64 miliona ljudi u svetu boluje od sr¢ane
slabosti. Dok se incidencija sré¢ane slabosti u razvijenim
zemljama stabilizuje ili blago opada, njena prevalenci-
jaraste zbog uspesnijeg lecenja ishemijske bolesti srca,
koja je glavni uzrok sréane slabosti, kao i zbog novih
terapijskih pristupa u lecenju same sréane slabosti, te
ukupnog starenja svetske populacije [2].

Prema vazec¢im kriterijumima Svetske zdravstve-
ne organizacije (SZ0), anemija se kod odraslih osoba
definie kao pad nivoa hemoglobina (Hb) ispod 120
g/l kod Zena, odnosno ispod 130 g/l kod muskara-
ca. U zavisnosti od stepena pada nivoa hemoglobina
u krvi, anemija se klasifikuje na slededi nacin: blaga
(Hb = 110 g/l), srednje teska (80 g/l - 109 g/l) i teska
(Hb < 80 g/I) [3]. Sr¢ana slabost (engl. heart failure — HF)
je sindrom nastao kao rezultat strukturnih i/ili funkcio-
nalnih ostecenja srca koji dovode do povecanja intra-
kardijalnog pritiska i/ili smanjenja minutnog volumena
srca u mirovanju ili tokom fizickog napora. Sr¢ana sla-
bost se moze klasifikovati u sledece tri grupe: 1) HFrEF
- sr¢ana slabost sa smanjenom ejekcionom frakcijom
leve komore (engl. HF with reduced left ventricular eje-
ction fraction), (LVEF < 40%); 2) HFmrEF — sr¢ana slabost
sa umereno smanjenom LVEF (engl. HF with moderately
reduced LVEF), (LVEF = 41% — 49%); i 3) HFpEF - sréa-
na slabost sa o¢uvanom LVEF (engl. HF with preserved
LVEF), (LVEF = 50%) [4,5]. Najnoviji epidemioloski poda-
ci pokazuju da oko 64 miliona ljudi Sirom sveta boluje
od sr¢ane slabosti.

Epidemioloska istrazivanja su otkrila da je prevalen-
cija anemije kod obolelih od sr¢ane slabosti oko 30%
kod ambulantnih pacijenata, a ¢ak 50% kod hospitalizo-
vanih pacijenata, $to je mnogo vise nego u opstoj popu-
laciji [6]. Utvrdeno je da se incidencija anemije povecava
sa stadijumom, odnosno funkcionalnom klasom sréane
slabosti, u rasponu od 9%, kod New York Heart Associa-
tion klase | (engl. NYHA Class 1), do 79%, kod NYHA kla-
se IV [7]. Stavide, incidencija anemije progresivno raste
sa trajanjem srcane slabosti. Rezultati studije Studies of
Left Ventricular Disfunction (SOLVD) pokazali su da je 9%
pacijenata sa normalnim nivoom hemoglobina u vreme
dijagnoze sr¢ane slabosti razvilo anemiju u prvoj godini
pracenja [8], dok je u studiji Carvedilol and Metoprolol
European Trial (COMET) prevalencija anemije bila iznad
25%, nakon petogodisnjeg pracenja [9].

INTRODUCTION

Anemia remains a major global health problem, al-
though a significant downward trend has been ob-
served in recent years, thanks to preventive measures.
Based on the analysis conducted in 2019, in 204 coun-
tries worldwide, it has been estimated that 1.8 billion
people have anemia, with an age-adjusted prevalence
of 23% [1]. The latest epidemiological data show that
around 64 million people in the world suffer from heart
failure (HF). While the incidence of HF in developed
countries is stabilizing or slightly declining, its preva-
lence is increasing due to the improved treatment of
ischemic heart disease, which is the main cause of HF,
as well as due to new therapeutic approaches to HF
treatment and the overall aging of the global popula-
tion [2].

According to the current World Health Organization
(WHO) criteria, anemia in adults is defined as a drop in
hemoglobin (Hb) levels below 120 g/l in women, i.e.,
below 130 g/l in men, and, depending on the degree of
Hb reduction, itis graded in the following manner: mild
(Hb = 110 g/1), moderate (80 g/l - 109 g/l), and severe
(Hb < 80 g/l) [3]. Heart failure (HF) is a syndrome re-
sulting from structural and/or functional heart impair-
ments leading to an increase in intracardiac pressures
and/or a decrease in cardiac output at rest or during
exertion. HF can be classified into the following three
groups: 1) HF with reduced left ventricular ejection
fraction (HFrEF), (LVEF < 40%); 2) HF with moderately
reduced LVEF (HFmrEF), (LVEF = 41% - 49%); and 3) HF
with preserved LVEF (HFpEF), (LVEF = 50%) [4,5]. The
latest epidemiological data show that approximately
64 million people worldwide suffer from HF.

Epidemiological studies have revealed that the
prevalence of anemia in patients with HF is around
30% in outpatients and as high as 50% in hospitalized
patients, which is much higher than in the general
population [6]. It has been found that the incidence of
anemia increases with the HF stage, i.e., HF functional
class, ranging from 9%, in New York Heart Association
(NYHA) Class |, to 79%, in NYHA Class IV [7]. Further-
more, the incidence of anemia progressively increases
with the duration of HF. The results of the Studies of
Left Ventricular Dysfunction (SOLVD) showed that 9%
of patients with normal Hb levels at the time of HF
diagnosis developed anemia within the first year of
follow-up [8], while in the Carvedilol and Metoprolol
European Trial (COMET), the prevalence of anemia was
above 25%, after five-year follow-up [9].

In the recommendations of the European Society
of Cardiology (ESC) for the treatment of HF, iron defi-
ciency (ID), irrespective of the presence of anemia, is
particularly recognized as an adverse risk factor in
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U preporukama Evropskog kardioloSkog drustva
(engl. European Society of Cardiology — ESC) za lecenje
srcane slabosti, deficit gvozda (engl. iron deficiency —
ID) je, bez obzira na to dali je prisutna i anemija, poseb-
no prepoznat kao nepovoljan faktor rizika kod HFmrEF
i HFrEF, koji znacajno otezava tok bolesti. Zbog toga je
neophodno proveriti prisustvo anemije i deficita gvo-
zda kod svih bolesnika sa sr¢anom slabos¢u [4,5]. Stu-
dija sprovedena u 48 medicinskih centara u Francuskoj
(studijska grupa CARENFER), koja je obuhvatila 1.475
pacijenata sa dekompenzovanom sréanom slabo3¢u
i hronicnom sréanom slaboscu, a cija je prosecna sta-
rost bila 78 godina, pokazala je ukupnu prevalenciju
deficita gvozda od 49,5%. Medutim, kada su bolesnici
stratifikovani prema tezini sréane slabosti — dekom-
penzovana sréana slabost (60,1% ispitanika) i hroni¢na
sr¢ana slabost, i zatim podeljeni u tri kategorije prema
preporukama ESC-a, prevalencija deficita gvozda kod
pacijenata sa dekompenzovanom sr¢anom slabosc¢u je
iznosila 58,1%, u poredenju sa prevalencijom od 39%
kod onih sa hroni¢énom sréanom slabosc¢u. Medu paci-
jentima sa hroni¢nom sréanom slabosc¢u, prevalencija
deficita gvozda je bila najveca u HFpEF grupi (HFpEF
57,3%; HFmrEF 47,4%; HFrEF 44,3%) [10]. Novija istra-
Zivanja ukazuju na to da anemija znacajno doprinosi
smanjenju tolerancijie fizickog napora kod osoba sa
HFpEF [11], ali i da sam deficit gvozda znacajno pove-
¢ava rizik od mortaliteta kod pacijenata sa HFpEF [12].

ETIOLOGIJA | PATOFIZIOLOGIJA ANEMUJE KOD
SRCANE SLABOSTI

Anemija kod sr¢ane slabostiima slozenu i multifaktorsku
etiologiju, u kojoj sama sr¢ana slabost i prateca stanja
igraju znacajnu ulogu. Preko 85% pacijenata sa sréanom
slabo3¢u pati od dve ili vise hroni¢nih bolesti, a prose-
¢an broj kardiovaskularnih i nekardiovaskularnih ko-
morbiditeta po hospitalizovanom pacijentu sa sranom
slabo3c¢u iznosi oko cetiri. Pored anemije, uobicajeni ne-
kardiovaskularni komorbiditeti sréane slabosti uklju¢uju
i gojaznost, dijabetes, bubreznu insuficijenciju, nerav-
notezu elektrolita, poremecaj funkcije Stitaste Zlezde,
hroni¢nu opstruktivnu bolest pluca, apneju u snu, i ma-
ligne bolesti [13,14]. Pacijenti sa srcanom slabo3¢u su po
pravilu starije osobe koje ¢esto ispoljavaju karakteristike
anemije povezane sa staroscu, $to moze biti u vezi sa ne-
pravilnom ishranom (siromastvo, neuhranjenost) i hro-
ni¢nim zapaljenjem [15]. Anemija kod sréane slabosti je
obi¢no blaga do srednje teska, a njen primarni uzrok je
Cesto deficit gvozda, bilo da je apsolutni ili funkcional-
ni. Cak i bez anemije, deficit gvozda moze znacajno da
smanji funkcionalnost i kvalitet zivota [1]. Procenjuje se
da 47% - 68% pacijenata sa hronicnom sr¢anom slabo-
$¢u ima apsolutni ili funkcionalni deficit gvozda [16].

ANEMIA AND HEART FAILURE

HFmrEF and HFrEF that significantly complicates the
course of the disease. This is why it is necessary to carry
out screening for the presence of anemia and ID in all
patients with HF [4,5]. A study conducted in 48 medi-
cal centers in France (CARENFER study group), which
included 1,475 patients with decompensated HF and
chronic HF, whose average age was 78 years, showed
a total prevalence of ID of 49.5%. However, when the
patients were stratified according to the severity of
HF — decompensated HF (60.1% of respondents) and
chronic HF, and then divided into three categories ac-
cording to ESC recommendations, the prevalence of ID
among patients with decompensated HF was 58.1%,
as compared to a prevalence of 39% in those with
chronic HF. Among the latter, the prevalence of ID was
the highest in the HFpEF group (HFpEF 57.3%; HFmrEF
47.4%; HFrEF 44.3%) [10]. New research indicates that
anemia significantly contributes to reduced exercise
tolerance in people with HFpEF [11], but also that ID it-
self markedly increases the risk of mortality in patients
with HFpEF [12].

ETIOLOGY AND PATHOPHYSIOLOGY OF
ANEMIA IN HEART FAILURE

The etiology of anemia in heart failure is complex and
multifactorial, wherein HF itself and associated condi-
tions play a significant role. Over 85% of patients with
HF suffer from two or more chronic diseases, and the
average number of cardiovascular and non-cardiovas-
cular comorbidities per hospitalized patient with HF
is approximately four. In addition to anemia, common
non-cardiovascular comorbidities include obesity, di-
abetes, renal failure, electrolyte imbalance, thyroid
gland dysfunction, chronic obstructive pulmonary
disease, sleep apnea, and malignant diseases [13,14].
Patients with HF are typically older and often exhibit
characteristics of anemia related to old age, which can
be linked to improper nutrition (poverty, malnutrition)
and chronic inflammation [15]. Anemia in HF is usually
mild to moderate, and its primary cause is often iron
deficiency, whether absolute or functional. Even with-
out anemia, ID can significantly reduce functionality
and quality of life [1]. It is estimated that 47% — 68% of
patients with chronic HF have absolute or functional
ID [16].

Ironis an integral component of the metalloprotein
hemoglobin, essential for transporting oxygen to all
cells in the body. Due to its chemical properties, which
allow it to accept and release electrons easily, changing
from a divalent (ferrous) to a trivalent (ferric) form, iron
is also an integral part of enzymes and enzyme acti-
vators involved in crucial body processes. Iron controls
the expression of aconitase, a key enzyme in the Krebs
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Gvozde je sastavni deo metaloproteina hemoglo-
bina, koji je neophodan za transport kiseonika do svih
Celija u telu. Zbog svojih hemijskih osobina, koje mu
omogucavaju da lako prima i otpusta elektrone, pre-
lazedi iz dvovalentnog (fero) u trovalentni (feri) oblik,
gvozde je takode sastavni deo enzima i aktivatora enzi-
ma uklju€enih u klju¢ne procese u telu. Gvozde kontro-
lise ekspresiju akonitaze, klju¢nog enzima u Krebsovom
ciklusu (ciklus limunske kiseline), koji olakSava prenos
elektrona u redoks reakcijama. Po3to srcani misi¢ obi-
luje mitohondrijama, neophodne su odgovarajuce
koncentracije gvozda za pravilan tok redoks reakcija i
za sprecCavanje stvaranja slobodnih radikala koji uti¢u
na remodelovanje i apoptozu kod sréane slabosti [17].

Uzroci apsolutnog deficita gvozda (engl. iron defi-
ciency - ID) i sideropenijske anemije (engl. iron deficien-
cy anemia - IDA) su raznovrsni, od nepravilne ishrane
(npr. vegetarijanska ishrana; veganska ishrana; ishrana
zasnovana uglavnom na mleku i mle¢nim proizvodima;
ishrana zasnovana na hrani bogatoj fitatima - Zitarice,
soja, mahunarke; prekomerno konzumiranje pica koja
sadrze tanine - kafa, ¢aj, crno vino), preko malapsorpci-
je udvanaestopalacnom crevu (npr. autoimuni atroficni
gastritis, celijakija, necelijacna glutenska enteropatija i
drugi sindromi malapsorpcije, barijatrijska hirurgija, za-
paljenske bolesti creva); povec¢ane potrebe za gvozdem
(npr. tokom postoperativnog oporavka; tokom primene
eritropoetina — EPO), urodenog nedostatka transporte-
ra gvozda (npr. hem oksigenaza, dvovalentni metalni
transporter 1 - DMT1), do povecanog gubitka krvi (npr.
krvarenje iz urogenitalnog i digestivnog trakta), sto je
najcesci uzrok anemije u razvijenim zemljama [18,19].

Funkcionalni deficit gvozda je nedostatak gvozda u
cirkulaciji koje ostaje zarobljeno u makrofagima, $to se
javlja u stanjima hroni¢ne upale. Prevalencija funkcio-
nalnog deficita gvozda kod pacijenata sa sr¢anom sla-
boscu, koja je takode hroni¢no proinflamatorno stanje,
iznosi oko 18% [20]. Povecana proizvodnja proinflama-
tornih citokina, kao $to su interleukin-6 (IL-6), IL-1f3, IL-2,
IL-8, IL-33, interferon-g (IFN-g), galektin-3, faktor nekro-
ze tumora-1 (engl. tumor necrosis factor-1 - TNF-1), pen-
traksin-3, te smanjena proizvodnja zastitnih citokina,
kao Sto je IL-10, dokazane su kod sréane slabosti, do-
vodedi do slededih pojava: a) hipoferemije izazvane po-
vecanom proizvodnjom hepcidina, $to izaziva degra-
daciju feroportina, izvoznika intracelularnog gvozda,
zbog Cega gvozde ostaje zarobljeno u makrofagima,
enterocitima i hepatocitima i nije dostupno prekursori-
ma eritropoeze u kostanoj srzi; b) direktnog suzbijanja
eritropoeze; c) umerenog skracivanja zivotnog veka eri-
trocita usled njihove pojac¢ane razgradnje; g) smanjene
proizvodnje EPO-a [21-24]. Hroni¢na bubrezna insufici-
jencija takode doprinosi smanjenoj proizvodniji EPO-a,

cycle (citric acid cycle) that facilitates electron transfer
in redox reactions. Since the heart muscle is abundant
with mitochondria, appropriate iron concentrations
are necessary for the proper course of redox reactions
and for preventing the formation of free radicals that
affect remodeling and apoptosis in HF [17].

The causes of absolute iron deficiency (ID) and iron
deficiency anemia (IDA) are diverse, ranging from im-
proper nutrition (e.g., vegetarian diet; vegan diet; diet
based mainly on milk and dairy products; diet based
on foods rich in phytates — cereals, soy, legumes; exces-
sive intake of beverages with tannins - coffee, tea, red
wine), malabsorption in the duodenum (e.g., autoim-
mune atrophic gastritis, celiac disease, non-celiac glu-
ten enteropathy and other malabsorption syndromes,
bariatric surgery, inflammatory bowel diseases - IBD),
increased iron needs (e.g., during postoperative recov-
ery; during the administration of erythropoietin - EPO),
congenital deficiency of iron transporters (e.g., heme
oxygenase, divalent metal transporter 1 - DMT1), to in-
creased blood loss (e.g., bleeding from the urogenital
and digestive tract), which is the most common cause
of anemia in developed countries [18,19].

Functional ID is a deficiency of circulating iron
that remains trapped in macrophages, which occurs
in states of chronic inflammation. The prevalence of
functional ID in patients with HF, which is also a chron-
ic proinflammatory condition, is about 18% [20]. In-
creased production of proinflammatory cytokines,
such as interleukin-6 (IL-6), IL-1B, IL-2, IL-8, IL-33, in-
terferon-y (IFN-y), galectin-3, tumor necrosis factor-1
(TNF-1), pentraxin-3, and reduced production of pro-
tective cytokines, such as IL-10, have been proven in
HF, leading to the following: a) hypoferremia caused
by the increased secretion of hepcidin, which causes
the degradation of ferroportin, the exporter of intra-
cellular iron, which is why iron remains captured in
macrophages, enterocytes, and hepatocytes and is
not available to the precursors of erythropoiesis in the
bone marrow; b) direct suppression of erythropoiesis;
¢) moderate shortening of the lifespan of erythrocytes
due to their increased destruction; d) reduced produc-
tion of EPO [21-24]. Chronic kidney failure also con-
tributes to reduced EPO production, and almost 45%
of patients with terminal renal failure develop HF, i.e.,
cardiorenal syndrome type 4 [25,26].

It's important to note that various medications can
often cause ID/IDA. Certain drugs like antihistamines
(H2 blockers), antacids, proton pump inhibitors (PPIs),
some antibiotics (penicillin, ciprofloxacin, tetracy-
clines), cholestyramine, and anticonvulsants reduce
iron absorption. On the other hand, nonsteroidal an-
tirheumatic drugs, antiplatelet drugs, and anticoag-
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a kod skoro 45% pacijenata sa terminalnom bubrez-
nom insuficijencijom dolazi do razvoja sr¢ane slabosti,
odnosno kardiorenalnog sindroma tipa 4 [25,26].

Vazno je naglasiti da razliciti lekovi ¢esto mogu iza-
zvati deficit gvozda/sideropenijsku anemiju. Odredeni
lekovi, kao Sto su antihistaminici (H2 blokatori), antaci-
di, inhibitori protonske pumpe (engl. proton pump inhi-
bitors — PPIs), neki antibiotici (penicilin, ciprofloksacin,
tetraciklini), holestiramin i antikonvulzanti, smanjuju
apsorpciju gvozda. S druge strane, nesteroidni antire-
umatski lekovi, antiagregacioni lekovi i antikoagulansi
dovode do krvarenja [18]. Stavide, ACE inhibitori (engl.
angiotensin-converting enzyme inhibitors — ACE inhibi-
tors) i AT1-antagonisti (blokatori angiotenzina) deluju
preko renin-angiotenzin-aldosteron sistema (RAAS),
umanjujudi na taj nacin efekte remodelovanja i simpa-
ticke efekte, a svojim uticajem na angiotenzin Il suzbi-
jaju sintezu EPO-a i proliferaciju eritroidnih progenitora
u kostanoj srzi [20,27]. Uz to, ACE inhibitori dovode do
povecane proizvodnje N-acetil-seril-aspartil-lizil-proli-
na, Sto uti¢e na smanjenje sekrecije EPO-a, a ovo dovo-
di do smanjenja eritrocitopoeze i pada koncentracije
hemoglobinaza 5 g/l [27,28].

Maligna oboljenja su, uz kardiovaskularne bolesti,
glavni uzrok morbiditeta i mortaliteta, kao i vodeci
uzrok prerane smrti u razvijenim zemljama. Antineo-
plasti¢na terapija (konvencionalni citostatici, imuno-
terapija i ciljana terapija, terapija zratenjem) moze do-
vesti do ranih i kasnih kardiovaskularnih komplikacija,
najceS¢e do sréane slabosti [29,30], ali i do pojave ili
pogorsanja anemije [31]. Sa druge strane, primeéeno
je da upotreba SGLT2 inhibitora (engl. sodium-glucose
cotransporter 2 inhibitors), koja znacajno smanjuje mor-
talitet kod pacijenata sa kardiorenalnim sindromom,
ima povoljan efekat i na anemiju. lako tacan mehani-
zam nije poznat, veruje se da SGLT inhibitori deluju na
homeostazu gvozda, smanjuju luc¢enje proinflamator-
nih citokina i indukuju lu¢enje EPO-a [27,32,33].

Pored gore opisanih uzroka, pad nivoa hemoglobi-
na kod pacijenata sa kongestivhom sréanom slabos¢u
moze se pripisati hipervolemiji, koja dovodi do hemo-
dilucije, a koju karakterise povecanje zapremine plaz-
me uz normalnu masu eritrocita. Do 46% pacijenata sa
sr¢anom slabo3¢u ima hemodiluciju [34].

UTICAJ ANEMIJE NA KVALITET ZIVOTA |
MORTALITET PACIJENATA SA SRCANOM
INSUFICUENCLJOM

Cak i kad nema sréane slabosti, teska anemija (pad ni-
voa hemoglobina na 40 g/l - 50 g/I) dovodi do zadrza-
vanja natrijuma i vode, smanjene bubrezne perfuzije,
smanjene glomerularne filtracije, kao i neurohormon-
ske aktivacije. Ovaj kardiorenalni odgovor proizilazi iz

ANEMIA AND HEART FAILURE

ulants lead to bleeding [18]. Furthermore, angioten-
sin-converting enzyme inhibitors (ACE inhibitors) and
AT1-antagonists (angiotensin blockers) act via the re-
nin-angiotensin-aldosterone system (RAAS), thereby
curtailing remodeling and sympathetic effects, and, by
affecting angiotensin Il, they suppress the synthesis of
EPO and the proliferation of erythroid progenitors in
the bone marrow [20,27]. Additionally, ACE inhibitors
lead to an increase in N-acetyl-seryl-aspartyl-lysyl-pro-
line production, which affects the reduction of EPO se-
cretion, leading to decreased erythrocytopoiesis and a
drop in Hb concentration by 5 g/l [27,28].

Malignant diseases, along with cardiovascular dis-
eases, are the main cause of morbidity and mortality, as
well as the leading cause of premature death in devel-
oped countries. Antineoplastic therapy (conventional
cytostatics; immunotherapy and targeted therapy; ra-
diation therapy) can lead to early and late cardiovascu-
lar complications, most often HF [29,30], as well as the
onset or worsening of anemia [31]. On the other hand,
the use of sodium-glucose cotransporter (25GLT2) in-
hibitors, which has significantly reduced mortality in
patients with cardiorenal syndrome, has also been ob-
served to have a beneficial effect on anemia. Although
the exact mechanism is not known, it is believed that
SGLT inhibitors act on iron homeostasis, reduce the se-
cretion of pro-inflammatory cytokines, and induce the
secretion of EPO [27,32,33].

In addition to the causes described above, a de-
cline in Hb levels in patients with congestive HF can
be attributed to hypervolemia, leading to hemodilu-
tion, which is characterized by an increase in plasma
volume with a normal erythrocyte mass. Up to 46% of
patients with HF have hemodilution [34].

THE IMPACT OF ANEMIA ON THE QUALITY
OF LIFE AND MORTALITY OF PATIENTS WITH
HEART FAILURE

Even in the absence of HF, severe anemia (a drop in Hb
to 40 g/1 - 50 g/l) leads to sodium and water retention,
decreased renal perfusion, decreased glomerular filtra-
tion, and neurohormonal activation. This cardiorenal
response stems from the effect of anemia on blood
viscosity, oxygen pressure in the microvasculature, and
nitric oxide availability. Mild anemia also contributes to
neurohormonal activation (catecholamines; natriuretic
peptides) and exacerbation of HF [35]. Anemia is an in-
dependent factor of poor prognosis in HF with left ven-
tricular dysfunction, and its incidence increases with
the severity of HF. According to the study: Randomized
Etanercept North American Strategy to Study Antago-
nism of Cytokines (RENAISSANCE), the annual mortali-
ty risk in anemic HF patients is 28%, compared to 16%
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Legenda: /D — deficit gvozda (engl. iron deficiency); IDA — sideropenijska anemija (engl.
iron deficiency anemia); RAAS — renin-angiotenzin-aldosteron sistem; IL — interleukin;
IFN — interferon; TNF — tumor nekrotiSuci faktor; LV — leva komora (engl. left ventricle)

Slika 1. Patofizioloski mehanizmi medusobnog uticaja anemije i sréane
slabosti

uticaja anemije na viskozitet krvi, pritisak kiseonika u
mikrovaskulaturi i dostupnost azot-oksida. Blaga ane-
mija takode doprinosi neurohormonskoj aktivaciji (ka-
teholamini; natriuretski peptidi) i pogor3anju sréane
slabosti [35]. Anemija je nezavisan faktor lose progno-
ze kod sr¢ane slabosti sa disfunkcijom leve komore, a
njena incidencija raste sa tezinom sr¢ane slabosti. Pre-
ma studiji: Randomized Etanercept North American Stra-
tegy to Study Antagonism of Cytokines (RENAISSANCE),
godisnji rizik od smrtnosti kod anemic¢nih pacijenata sa
sr¢anom slaboscu je 28%, u poredenju sa 16% kod pa-
cijenata sa sréanom slabo$¢u bez anemije. Porast nivoa
hemoglobina za 10 g/l smanjuje rizik od mortaliteta za
15,8%, a rizik od hospitalizacije za 14,2% [7]. Nasuprot
tome, svako smanjenje hematokrita za 1% nosi pove-
¢anje rizika od smrtnosti od 11%, kao $to je pokazano
u studiji: Prospective Randomized Amlodipine Survival
Evaluation (PRAISE) [36]. Rizik od ponovne hospitaliza-
cije je takode vedi, a povecava se za 3,3% pri svakom
padu nivoa hemoglobina od 10 g/l, nakon otpusta iz
bolnice [20]. Studija: Carvedilol Prospective Randomi-
zed Cumulative Survival (COPERNICUS) je pokazala da
je korekcija anemije i povecanje nivoa hemoglobina za

pentraksin-3 / pentraxin-3

11110

v

1 Rentencija tecnosti /
1 Fluid retention

 /

TRemodelovanje LV/ 1 LV remodeling
10pterecenje / T Workload,
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Legend: ID — iron deficiency; IDA — iron deficiency anemia; RAAS — renin-angiotensin-al-
dosterone system; IL — interleukin; TNF — tumor necrosis factor; LV — left ventricle

Figure 1. Pathophysiological mechanisms of the mutual effects of anemia and
heart failure

in HF patients without anemia. An increase in Hb by 10
g/l reduces the risk of mortality by 15.8% and the risk
of hospitalization by 14.2% [7]. Conversely, every de-
crease in hematocrit by 1% carries an 11% increase in
mortality risk, as shown in the study: Prospective Ran-
domized Amlodipine Survival Evaluation (PRAISE) [36].
The risk of rehospitalization is also higher, increasing
by 3.3% for every drop in the Hb level by 10 g/I, upon
discharge from hospital [20]. The study: Carvedilol Pro-
spective Randomized Cumulative Survival (COPERNI-
CUS) showed that correction of anemia and an increase
in Hb by 10 g/l was associated with a reduction in left
ventricular mass by 4.1 g/m?, over a period of 24 weeks
[37]. Anemic patients with HF have a reduced exercise
tolerance and poorer quality of life, and the costs of
treating these patients are up to 25% higher [38].

In the absence of anemia, ID alone is also an inde-
pendent factor of poor prognosis in HF. Doppler echo-
cardiographic monitoring has shown that iron sub-
stitution in HF patients with ID significantly improves
cardiac function [38]. Additionally, the six-year survival
rate is significantly lower in non-anemic patients with
HFpEF who have ID [12].
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Legenda: Fe — gvozde; TIBC — ukupni kapacitet vezivanja gvozda (engl. total iron binding
capacity); TSAT — saturacija transferina (engl. transferrin saturation); Hb — hemoglobin;
TFT — testovi funkdije tireoidne Zlezde; eGFR — procenjena brzina glomerulske filtracije
(engl. estimated glomerular filtration rate); CRP — C reaktivni protein; /DA — sideropenijska
anemija (engl. iron deficiency anemia); ID — deficit gvozda (engl. iron deficiency)

Slika 2. Pojednostavljeni algoritam dijagnostike deficita gvozda kod
bolesnika sa srcanom slaboscu

10 g/l povezana sa smanjenjem mase leve komore za
4,1 g/m?, tokom perioda od 24 nedelje [37]. Anemicni
bolesnici sa srcanom slabo$¢u imaju smanjenu tole-
ranciju fizickog napora i l0siji kvalitet Zivota, a troSkovi
lecenja ovih bolesnika su i do 25% vedi [38].

U odsustvu anemije, sam deficit gvozda je takode
nezavisan faktor loSe prognoze kod srcane slabosti.
Prac¢enje Dopler ehokardiografijom je pokazalo da sup-
stitucija gvozda kod pacijenata sa sranom slabo3¢u
koji imaju deficit gvozda znacajno poboljsava sr¢anu
funkciju [38]. Pored toga, Sestogodisnja stopa preziv-
ljavanja je znacajno niza kod neanemicnih pacijenata
sa HFpEF koji imaju deficit gvozda [12].

LABORATORIJSKE KARAKTERISTIKE ANEMIJE
KOD SRCANE SLABOSTI | DIJAGNOSTICKI
ALGORITAM

Standardni laboratorijski pokazatelji sideropenijske
anemije —mikrocitni eritrociti (MCV < 80 fl); hipofere-
mija (| Fe); povecan ukupni kapacitet vezivanja gvozda
(engl. total iron binding capacity - TIBC); smanjena sa-
turacija transferina (engl. transferrin saturation — TSAT),
(TSAT < 20%); kao i smanjen feritin (< 30 mg/l), obi¢no

v

Legend: Fe — iron; TIBC — total iron binding capacity; TSAT — transferrin saturation; Hb —
hemoglobin; TFT — thyroid function tests; eGFR — estimated glomerular filtration rate; CRP
— Creactive protein; IDA — iron deficiency anemia; ID —iron deficiency

Figure 2. Simplified algorithm of iron deficiency diagnostics in patients with
heart failure

LABORATORY CHARACTERISTICS OF ANEMIA
IN HEART FAILURE AND THE DIAGNOSTIC
ALGORITHM

The standard laboratory indicators of IDA — microcyt-
ic erythrocytes (MCV < 80 fl), hypoferremia (|Fe), in-
creased total iron binding capacity (TIBC), decreased
transferrin saturation (TSAT < 20%), and reduced fer-
ritin (< 30 pg/l) are usually absent in patients with
HF, due to the above-described pathophysiological
mechanisms of anemia in HF. In HF and other chronic
inflammatory conditions, due to the fact that ferritin
is a reactant of the acute phase, its values of up to 100
pg/l speak in favor of absolute ID, if all other labora-
tory characteristics of ID/IDA are present. In patients
with HF whose blood ferritin level is 100 ng/ml - 299
ng/ml, ID is considered to exist, if TSAT is < 20%. These
cut-off values were taken from nephrology, as they
are acceptable and specific for diagnosing and treat-
ing ID [39]. When all the obtained laboratory findings
are inconclusive, additional tests, such as reticulocyte
hemoglobin content (CHr), soluble transferrin receptor
(sTfR), and the sTfR-transferrin index, can be performed
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nisu prisutni kod pacijenata sa srcanom slabos¢u zbog
gore opisanih patofizioloskih mehanizama anemije kod
sréane slabosti. Kod sr¢ane slabosti i drugih hroni¢nih
inflamatornih stanja, zbog cinjenice da je feritin reak-
tant akutne faze, njegove vrednosti do 100 mg/l go-
vore u prilog apsolutnog deficita gvozda, ukoliko su
prisutne sve druge laboratorijske karakteristike deficita
gvozda/sideropenijske anemije. Kod pacijenata sa sr-
¢anom slaboscu ciji je nivo feritina u krvi 100 ng/ml -
299 ng/ml, smatra se da postoji deficit gvozda ukoliko
je TSAT < 20%. Ove granic¢ne vrednosti su uzete iz nefro-
logije, posto su prihvatljive i specificne za dijagnostiko-
vanje i leenje deficita gvozda [39]. Kada se na osnovu
svih dobijenih laboratorijskih nalaza ne moze doneti
zakljucak o vrsti anemije, u specijalizovanim laboratori-
jama se mogu uraditi ispitivanja dodatnih parametara,
kao $to su sadrzaj retikulocitnog hemoglobina (engl.
reticulocyte hemoglobin content — CHr), solubilni transfe-
rinski receptor (engl. soluble transferrin receptor — sTfR)
i sTfR-transferinski indeks (engl. sTfR-transferrin index).
Pored testova gvozda, neophodno je testirati nivoe
C-reaktivnog proteina (CRP), vitamina B12, folata, tiro-
idnih hormona i renalnih parametara [38], kao i ispitati
znakove manifestnog odnosno okultnog krvarenja [40].
Kako normalan nivo hemoglobina ne iskljucuje
postojanje deficita gvozda, prema aktuelnim prepo-
rukama, kod svih bolesnika sa sréanom slabosc¢u treba
sprovesti laboratorijsko testiranje pokazatelja metabo-
lizma gvozda [4,5,14]. Pojednostavljeni algoritam labo-
ratorijske dijagnostike za ispitivanje deficita gvozda/
sideropenijske anemije predstavljen je na Slici 2.

LECENJE ANEMIJE KOD SRCANE SLABOSTI

Prema preporukama Svetske zdravstvene organizacije,
nadoknadu gvozda treba zapoceti pri nivoima feritina
ispod 30 mg/l, posto se simptomi kod zdravih osoba
javljaju vec u fazi pojave deficita gvozda [3]. Zbog po-
voljne ceneilakoce primene, u le¢enju deficita gvozda/
sideropenijske anemije, lekovi prvog izbora su standar-
dni oralni preparati (dvovalentnog i trovalentnog) gvo-
zda [3,19]. Medutim oko 30% — 70% pacijenata ne pod-
nosi dobro terapiju standardnim oralnim preparatima
gvozda. Unos hrane i istovremena upotreba drugih
lekova, kao Sto su H2-blokatori i inhibitori protonske
pumpe koji menjaju pH duodenuma, mogu umanjiti
apsorpciju Fe3+ u digestivnom traktu, $to dovodi do
simptoma kao $to su mucnina, povracanje, poremecaj
varenja i zatvor [41]. Stavise, standardni oralni prepa-
rati gvozda imaju ogranic¢enu efikasnost kod sréane
slabosti zbog edema crevne sluzokoze i poja¢anog
lu¢enja hepcidina. Sveukupno gledano, stepen crev-
ne apsorpcije standardnih oralnih preparata gvozda
smanjen je na svega 5% [42]. U studijama IRON-HF [43]

in specialized laboratories. Along with iron tests, it is
essential to test the levels of C-reactive protein (CRP),
vitamin B12, folate, thyroid hormones, and renal pa-
rameters [38], as well as to test for signs of manifest or
occult bleeding [40].

As a normal Hb level does not rule out iron defi-
ciency, according to current recommendations, all pa-
tients with HF should undergo iron metabolism labo-
ratory tests [4,5,14]. A simplified algorithm of ID/IDA
laboratory diagnostics is presented in Figure 2.

TREATMENT OF ANEMIA IN HEART FAILURE

According to WHO recommendations, iron replace-
ment should be started at ferritin levels below 30 pg/I,
as symptoms in healthy persons already appear in the
ID phase [3]. Due to their low cost and ease of admin-
istration, in the treatment of ID/IDA the drugs of first
choice are standard (divalent and trivalent) oral iron
supplements [3,19]. However, in about 30% - 70% of
patients, standard orally administered iron supple-
ments are not well tolerated. Food intake and concom-
itant use of other medications, such as H2-blockers
and proton pump inhibitors that change duodenal pH,
can decrease Fe3+ absorption in the digestive tract,
leading to symptoms such as nausea, vomiting, indi-
gestion, and constipation [41]. Furthermore, standard
oral iron supplements have limited efficacy in HF due
to edema of the intestinal mucosa and high hepcidin
secretion. Overall, the degree of intestinal absorption
of standard oral iron supplements is reduced to only
5% [42]. The ineffectiveness of standard oral iron sup-
plements in HF was demonstrated in the IRON-HF [43]
and IRONOUT-HF [44] studies.

A pilot study conducted on 50 patients with symp-
tomatic HFrEF indicated that oral sucrosomial iron (SI)
can overcome the hepcidin-ferroportin barrier and
lead to a slight increase in ferritin, as well as to the im-
provement in exercise tolerance and quality of life, af-
ter six months of therapy [45]. Sl is an oral supplement
wherein ferric-pyrophosphate is coated with a matrix
containing phospholipids and sucrester (tricalcium
phosphate and starch), which is absorbed from the di-
gestive tract in a hepcidin-independent way — paracel-
lularly and transcellularly via enterocytes and M cells,
throughout the entire small intestine [46]. The release
of iron from S| during digestion is less than 5%, unlike
all other oral preparations (75% — 85%), which signifi-
cantly reduces the possibility of toxic effects of iron on
the mucosa of the digestive tract, leading to improved
intestinal tolerance and high bioavailability [47,48].
However, the increase in ferritin, although significant-
ly higher during SI supplementation, as compared to
standard oral iron supplementation, is markedly infe-
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i IRONOUT-HF [44], pokazana je neefikasnost standar-
dnih oralnih preparata gvozda kod sr¢ane slabosti.
Pilot studija sprovedena na 50 pacijenata sa simp-
tomatskom HFrEF je pokazala da sukrozomalno gvozde
(engl. sucrosomial iron - S), koje se unosi oralnim putem,
moze da prevazide hepcidin-feroportin barijeru i da do-
vede do blagog povecanja feritina, kao i do poboljsanja
tolerancije fizickog napora i unapredenja kvaliteta Zivo-
ta, nakon Sest meseci terapije [45]. S/ je oralni preparat
u kojem je feri-pirofosfat oblozen matriksom koji sadrzi
fosfolipide i estar sukroze (trikalcijum fosfat i skrob), a
koji se apsorbuje iz digestivnog trakta na nacin koji je
nezavisan od hepcidina — paracelularno i transcelular-
no putem enterocita i ¢elija, u celom tankom crevu [46].
Oslobadanje gvozda iz sukrozomalnog gvozda tokom
varenja je manje od 5%, za razliku od svih ostalih oral-
nih preparata (75% - 85%), ¢ime se znacajno smanju-
je mogucnost toksi¢nog dejstva gvozda na sluzokozu
digestivnog trakta, sto dovodi do poboljSanja crevne
tolerancije i do visoke bioraspolozivosti [47,48]. Medu-
tim, povecanje nivoa feritina, iako znacajno vece pri su-
plementaciji sukrozomalnim gvozdem, u poredenju sa
standardnim oralnim preparatima gvozda, znacajno je
inferiornije u odnosu na intravenoznu (iv) primenu gvo-
zda, koja ima stopostotnu bioraspolozivost. Neophodne
su studije na mnogo vecem broju pacijenata, kao i duze
pracenje pacijenata, kako bi se utvrdilo mesto sukrozo-
malnog gvozda u lecenju deficita gvozda/sideropenij-
ske anemije kod pacijenata sa sréanom slaboscu [49].
Prema evropskim i ameri¢kim preporukama, intar-
vensko davanje gvozda je zamenska terapija prvog iz-
bora u le¢enju deficita gvozda/sideropenijske anemije
kod pacijenata sa sr¢anom slabos¢u [4,5,14]. Rezultati
dve velike medunarodne studije: FAIR-HF, sprovedene
na 459 pacijenata sa sr¢anom slabo$¢u NYHA klase Il i
[l [50], kao i CONFIRM-HF, sprovedene na 304 ambu-
lantna pacijenta sa simptomatskom slabo3¢u i EF <
45% [51], pokazali su zna¢ajno smanjenje simptoma,
bolju toleranciju fizickog napora i poboljsanje kvaliteta
zivota, kod pacijenata koji su primali gvozde karbok-
simaltozu, tokom dvadesetetvoronedeljnog odnosno
jednogodiSnjeg pracenja. Rezultati randomizovane
studije IRONMAN, sprovedene na 1.137 pacijenata u
70 bolnica u Velikoj Britaniji, pokazali su da je lec¢enje
gvozde derizomaltozom znacajno smanjilo broj hos-
pitalizacija i mortalitet od kardiovaskularnih dogadaja
[52]. Za razliku od pacijenata sa hroni¢cnom sréanom
slabos¢u, intravenozno davanje gvozda pacijentima
sa akutnom sréanom slabo3¢u, nakon stabilizacije epi-
zode sréane insuficijencije, ne uti¢e na prezivljavanje
pacijenata, $to pokazuje studija AFFIRM-AHF, koja je
obuhvatila 1.107 pacijenata sa akutnom sréanom sla-
bosc¢u [53]. Intravenozna terapija gvozdem ima vece
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rior to intravenous (I.V.) iron administration, which has
100% bioavailability. Studies on a much larger number
of patients and longer follow-ups are necessary to de-
termine the place of Sl in ID/IDA treatment in HF [49].

According to European and American guidelines,
L.V. iron is the replacement therapy of choice for ID/
IDA in HF [4,5,14]. The results of two large internation-
al studies: FAIR-HF, conducted on 459 patients with HF
NYHA class Il and Ill [50], as well as CONFIRM-HF, con-
ducted on 304 outpatients with symptomatic HF and
EF < 45% [51], showed a significant reduction of symp-
toms, better exercise tolerance, and improvement in
quality of life, in patients who received ferric carboxy-
maltose during 24-week or one-year follow-up. The re-
sults of the randomized IRONMAN study, conducted on
1,137 patients in 70 hospitals in Great Britain, showed
that treatment with ferric-derisomaltose significantly
reduced the number of hospitalizations and mortality
from cardiovascular events [52]. Unlike patients with
chronic HF, the administration of L.V. iron in patients
with acute HF, after the stabilization of the heart failure
episode, does not affect patient survival, as shown by
the AFFIRM-AHF study, which included 1,107 patients
with acute HF [53]. L.V. iron has higher direct costs (use
of hospital resources) and indirect costs (absence from
work) than oral therapy. However, a drop in the total
number of hospitalizations due to the exacerbation
of HF or complications in patients with HF who had
received LV. iron indicates its long-term economic
cost-effectiveness [54]. More recent LV. iron prepara-
tions have a significantly lower rate of reported side
effects than earlier preparations, such as ferridextran.
Based on the results of individual randomized clinical
trials, as well as a meta-analysis of published results
that showed a decrease in the risk of hospitalization
[55,56], in the ESC guidelines, I.V. iron is recommended
in patients with symptomatic HFmrEF as well as in pa-
tients with HFrEF and ID, to reduce HF symptoms and
improve quality of life (recommendation class |, level
of evidence A), while ferric carboxymaltose and ferric
derisomaltose are listed as recommended I.V. replace-
ment therapy for the treatment of ID in patients with
symptomatic HFmrEF and HFrEF, to reduce the risk of
hospitalization (recommendation class lla, level of ev-
idence A) [5]. The American guidelines do not single
out specific L.V. forms [14].

In patients with coexisting HF and renal failure, the
administration of EPO can be effective. It is import-
ant to note that correcting anemia until the Hb level
reaches the normal level (130 g/l) does not reduce
cardiovascular mortality. In fact, normalization of Hb
significantly increases the risk of thromboembolic
complications [57], which is why it is not recommend-
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direktne troskove (koris¢enje bolni¢kih resursa) i indi-
rektne troskove (odsustvo sa posla) od oralne terapi-
je. Medutim, smanjenje ukupnog broja hospitalizacija
usled pogorsanja sr¢ane slabosti ili komplikacija, kod
pacijenata sa sréanom slabos¢u koji su primili gvozde
intravenozno, ukazuje na njegovu dugoro¢nu eko-
nomsku isplativost [54]. Noviji iv preparati gvozda ima-
ju znacajno nizu stopu prijavljenih nezeljenih efekata
od ranijih preparata, kao sto je feridekstran. Na osnovu
rezultata pojedina¢nih randomizovanih klini¢kih studi-
ja, kao i meta-analize objavljenih rezultata koji su po-
kazali smanjenje rizika od hospitalizacije [55,56], u ESC
smernicama, intravenozno gvozde se preporucuje kod
pacijenata sa simptomatskom HFmrEF i pacijenata sa
HfrEF i deficitom gvozda, u cilju ublazavanja simptoma
srcane slabosti i unapredenja kvaliteta Zivota (preporu-
ka klase I, nivo dokaza A), dok se gvozde karboksimal-
toza i gvozde derizomaltoza navode kao preporucena
intravenozna supstituciona terapija za le¢enje deficita
gvozda kod pacijenata sa simptomatskom HFmrEF i
HfrEF, radi smanjenja rizika od hospitalizacije (prepo-
ruka klase lla, nivo dokaza A) [5]. Americke smernice ne
izdvajaju konkretne intravenozne oblike terapije [14].
Kod pacijenata sa istovremenom sréanom slabo$¢u
i bubreznom insuficijencijom, primena EPO-a moze biti
delotvorna. Vazno je napomenuti da korekcija anemije
do postizanja normalnog nivoa hemoglobina (130 g/I)
ne smanjuje kardiovaskularni mortalitet. Stavise, nor-
malizacija hemoglobina znacajno povecava rizik od
tromboembolijskih komplikacija [57], zbog ¢ega se ne
preporucuje [5,14]. Posto je anemija kod sréane slabosti
obi¢no blaga, transfuzije eritrocita su retko indikovane.
Meta-analiza objavljenih studija o prezivljavanju paci-
jenata sa akutnim koronarnim sindromom i anemijom,
pokazala je da je prezivljavanje bilo znacajno bolje kada
su transfuzije davane pri nivoima hemoglobina ispod
100 g/I, u poredeniju sa restriktivnom strategijom trans-
fuzije, pri nivoima hemoglobina ispod 80 g/ [58]. Medu-
tim, za anemicne pacijente sa sréanom slabo3¢u ne po-
stoje definitivne preporuke niti randomizovane studije
i meta-analize koje procenjuju njihovo prezivljavanje i
njihove ishode u odnosu na restriktivni odnosno liberal-
ni pristup transfuzijskoj podrsci. U nedostatku zvanic¢nih
smernica, pojedini autori predlazu da se razmotri libera-
lan pristup transfuzijama eritrocita (Hb =80 g/l - 90 g/I)
za kriticno bolesne pacijente sa sranom slabos¢u [59].

ZAKLJUCAK

Visoka prevalencija deficita gvozda/sideropenijske
anemije kod sr¢ane slabosti zahteva blagovremenu
dijagnozu i lecenje kod svih pacijenata, kako bi se una-
predio njihov kvalitet zivota i poboljsalo prezivljavanje.

Sukob interesa: Nije prijavljen.

ed [5,14]. Since anemia in HF is usually mild, RBC trans-
fusions are seldom indicated. A meta-analysis of pub-
lished studies on the survival of patients with acute
coronary syndrome and anemia showed that survival
was significantly better when transfusions were given
at Hb levels below 100 g/I, as compared to a restric-
tive transfusion strategy, with Hb levels below 80 g/I
[58]. However, for anemic HF patients, there are no
definitive recommendations nor randomized studies
and meta-analyses evaluating their survival and out-
comes, in relation to the restrictive or liberal approach
to transfusion support. In the absence of official guide-
lines, individual authors suggest considering a liberal
approach regarding erythrocyte transfusions (Hb = 80
g/l - 90 g/l) for critically ill HF patients [59].

CONCLUSION

The high prevalence of ID/IDA in HF requires timely di-
agnosis and treatment for all patients, to improve their
quality of life and survival.
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