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Pregledni ¢lanak

Bubrezna disfunkcija
i anemija u bolesnika
sa zatajivanjem srca —
kardiorenalni anemija
sindrom

Review article

Renal dysfunction
and anemia in patients with
heart failure —
the cardio-renal anemia syn-
drome

Daniela Mali¢, Sanja Matijevic, Ivan Bubic, Sanjin Racki, Luka Zaputovic*
Klinicki bolnicki centar Rijeka, Rijeka, Hrvatska
University Hospital Centre Rijeka, Rijeka, Croatia

SAZETAK: Srcanozilne bolesti su vodeci uzrok pobola i
smrtnosti u bolesnika s kronicnom bubreznom bolesti, a poja-
va kardiovaskularnih komplikacija pozitivno korelira sa stup-
njem bubrezne bolesti. Oko 40% bolesnika s umjerenim do
teskim oblikom kronicne bubreZne bolesti te cak 60% bolesni-
ka u terminalnoj fazi bubrezne bolesti ima i odredeni stupanj
kronicnog zatajivanja srca. “Kardiorenalni sindrom” obuhvaca
niz patofizioloskih poremecaja srca i bubrega, pri cemu akut-
na ili kronicna disfunkcija jednog organa moZe izazvati akut-
nu ili kroni¢nu disfunkciju drugog organa. Bubrezna disfunk-
cija i anemija Cesti su u bolesnika sa zatajivanjem srca i lose
utjecu na kvalitetu Zivota i prezivijenje. Zajednicka prisutnost
ove tri abnormalnosti nazvana je “Kardiorenalni anemija sin-
drom” (KRAS). lako je sindrom okvirno definiran, ne postoje
smjernice za njegovu dijagnostiku i lijecenje koje uglavnom
ovisi o specijalnosti lijecnika kojem se bolesnik prvom obratio.
Trenutno anemiju u KRAS treba lijeciti u skladu sa smjernica-
ma za lijecenje anemije u kronicnih bubreznih bolesnika.
Nakon nekoliko manjih klinickih studija s ohrabrujucim rezul-
tatima, veca klinicka istrazivanja koja su u tijeku dat ce novi
doprinos boljem razumijevanju vaznosti lijecenja anemije u
bolesnika sa zatajivanjem srca. Do objave specificnih smjer-
nica za dijagnostiku i lijecenje KRAS potreban je multidiscipli-
naran pristup, uz oslanjanje na postojece smjernice za poje-
dine sastavnice sindroma.

KLJUCNE RIJECI: zatajivanje srca, bubreZne bolesti, zata-
jivanje bubrega, anemija.

SUMMARY: Cardiovascular diseases are the leading cause
of morbidity and mortality in patients with chronic kidney di-
sease. The appearance of cardiovascular complications is
strongly in positive correlation with the severity of kidney di-
sease. About 40% of patients with moderate or severe kidney
disease and even 60% of patients in the terminal phase have
some degree of chronic heart failure. “The Cardio-Renal Syn-
drome” represents a variety of pathophysiological abnormali-
ties of the heart and kidney, where acute or chronic dysfunc-
tion of one organ may provoke acute or chronic dysfunction of
the other organ. Renal impairment and anemia are frequent in
heart failure patients and negatively influence the quality of
life and life expectancy. The coexistence of these three condi-
tions has been described as “The Cardio-Renal Anemia Syn-
drome” (CRAS). Although the syndrome has been generally
defined, there are no guidelines for CRAS diagnosis and treat-
ment, and management of patients mostly depends on the spe-
cialty of the physician met first. Currently, anemia in CRAS
must be treated according to the guidelines for anemia in
chronic kidney disease. After several smaller clinical trials
with encouraging results, larger ongoing cinical investigations
will elucidate the real importance of anemia management in
patients with heart failure. By the time specific guidelines for
CRAS management are published, there will be a need for
multidisciplinary approach, based on the existing separate gui-
delines for all components of the syndrome.

KEYWORDS: heart failure, kidney diseases, renal insuffi-
ciency, anemia.
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kojem srce kao crpka nije sposobno zadovoljiti

metabolicke potrebe organizma. Radi se o klinickom
sindromu kojega cine simptomi i znaci poremecene sréane
funkcije te povoljan odgovor na odgovarajucu terapiju.'
Vodeci uzroci kroni¢nog ZS su koronarna bolest srca i ar-
terijska hipertenzija, posebno u starijih osoba.” U europ-
skim zemljama i Hrvatskoj ZS jedan je od najcescih razlo-
ga hospitalizacije osoba starijih od 65 godina te stoga
predstavlja znacajan javno-zdravstveni problem. Prevalen-
cija kronicnog ZS u opcoj populaciji iznosi oko 2%, raste
s dobi pa je u osoba starijih od 65 godina veca od 5%, a u
dobi izmedu 70 i 80 godina 10-20%". Unato¢ znatnom
napretku u dijagnostici i lijecenju, sindrom kroni¢nog ZS
ima ozbiljnu prognozu, broj smrti i dalje raste, a godisnja
smrtnost najtezih bolesnika refraktornih na standardno li-
jecenje veca je od 50%." lako se odgovarajucim lijecenjem

Zatajivanje srca (ZS) predstavlja patofiziolosko stanje u

the heart as a pump is not capable of meeting the

metabolic requirements of the body. This is a clini-
cal syndrome including the symptoms and signs of impai-
red cardiac function and a positive response to appropriate
therapy.' The leading causes of HF are coronary heart dis-
ease and hypertension, especially in elderly persons.2 In
the European countries and Croatia, HF is one of the most
frequent causes of hospitalization of persons over 65 years
of age and therefore it represents a significant public and
health problem. The prevalence of chronic HF in general
population is around 2% and it rises with age, so it is grea-
ter than 5% in persons over 65 years of age and in persons
between 70 and 80 years of age it is 10-20%.’ Despite a
significant progress in diagnostics and treatment, the syn-
drome of chronic HF has a serious prognosis, the number
of deaths is constantly rising, while an annual mortality of
the most serious patients resistant to standard treatment is

Heart failure (HF) is a pathological condition where



u skladu sa smjernicama moze postici bolja kvaliteta i dulji
Zivot bolesnika, potrebno je prepoznati i djelovati na sva
prateca stanja i abnormalnosti povezane s losijim isho-
dom."

Bubrezna disfunkcija i anemija cesti su u bolesnika sa
7S i lose utjecu na kvalitetu Zivota i prezivljenje. Zajednic-
ka prisutnost ZS, bubrezne bolesti i anemije nazvana je
“Kardiorenalni anemija sindrom” (KRAS)." Anemija, kro-
ni¢na bubrezna bolest i ZS djeluju medusobno negativno,
pogorsavajuci jedan drugog te predstavljaju “zacarani
krug” koji vodi u progresiju svakog od poremecaja i smrt
(Slika 1).>°
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over 50%.* Although an appropriate treatment in compli-
ance with guidelines can lead to better quality and longer
patient’s life, it is necessary to recognize and respond to all
accompanying conditions and abnormalities associated
with a worse outcome.'

The renal dysfunction and anemia are frequent pheno-
mena in patients with HF and they badly affect the life qua-
lity and survival. Common presence of HF, kidney disease
and anemia are called “Cardio-Renal Anemia Syndrome”
(CRAS).” Anemia, chronic kidney disease (CKD) and HF
have negative mutual interaction, impairing one another
and represent a “vicious circle” leading to progression of
every of them and to death. (Figure 1).*°

Figure 1. The vicious cycle of chronic heart failure, renal failure and anaemia: The Cardio-Renal Anemia Syndrome (CRAS).

Zatajivanje srca i bubrezna disfunkcija —
kardiorenalni sindrom

Sr¢anozilne bolesti su vodeci uzrok pobola i smrtnosti
u bolesnika s kroni¢nom bubreznom bolesti, pri ¢emu po-
java kardiovaskularmih komplikacija pozitivno korelira sa
stupnjem bubrezne bolesti. Tako oko 40% bolesnika s um-
jerenim do teskim oblikom kroni¢ne bubrezne bolesti te
¢ak 60% bolesnika u terminalnoj fazi bubrezne bolesti ima
i odredeni stupanj kroni¢nog ZS.”* Smith i sur.’ su meta-
analizom 16 studija na 80.098 bolesnika pokazali da 63%
bolesnika sa ZS ima odredeni stupanj bubrezne disfunkci-
je, a29% i znacajnu bubreznu bolest. U klinickom pokusu
na 1.906 bolesnika sa ZS Hillege i suradnici® su utvrdili da
je ostecena bubrezna funkcija snazniji predskazatelj smrti
od istisne frakcije lijeve klijetke (LK) i NYHA (engl. New
York Heart Association) funkcionalnog razreda.

Kardiorenalni sindrom (KRS) se definira kao niz pato-
fizioloskih poremecaja srca i bubrega, pri ¢emu akutna ili
kroni¢na disfunkcija jednog organa moze izazvati akutnu
ili kroni¢nu disfunkciju drugog organa." Patofiziologija
ovog sindroma jo$ nije jasno utvrdena, no smatra se da je
posljedica medusobne interakcije ZS, simpatickih, neuro-
humoralnih i inflamatornih medijatora koji izazivaju renal-
nu vazokonstrikciju, ishemiju bubrega te smanjenje glo-
merularne filtracije. S obzirom na postojece nejasnoce oko
opce definicije KRS, Ronco i sur. naglasavaju dvosmjernost

Heart failure and renal dysfunction —
cardio-renal syndrome

Cardiovascular diseases are a leading cause of morbidi-
ty and mortality in patients with CKD, whereas the occur-
rence of cardiovascular complications positively correlates
with a degree of kidney disease. So, approximately 40% of
patients with moderate to serious form of CKD and even
60% of patients at end stage of kidney disease suffer from
a certain degree of chronic HF.”® Smith et aP used the meta
analysis of 16 studies on 80,098 patients to show that 63%
of patients with heart disease have a certain form of renal
dysfunction, while 29% of them have a serious kidney dis-
ease. In clinical trial on 1,906 patients with HF, Hillege et
al'® have determined that the impaired renal function is a
strong predictor of death from left ventricular (LV) ejection
fraction and New York Heart Association (NYHA) functio-
nal class.

Cardio-Renal Syndrome (CRS) is defined as a series of
pathophysiological heart and kidney disorders, whereas
acute and chronic dysfunction of one organ may cause
acute or chronic dysfunction of another organ." Pathophy-
siology of this syndrome has not yet been determined, but
it is considered to be the consequence of mutual interac-
tion of HF, sympathetic, neurohumoral and inflammatory
mediators that cause renal vasoconstriction, renal ischemia
and reduction of glomerular filtration. Considering the ex-
isting uncertainties about general definition of CRS, Ronco
et al point out bi-direction of the process, where one or-
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procesa, gdje jedan organ, bilo srce ili bubreg, mogu dove-
sti do disfunkcije drugog organa.""

Prema danas prihvacenoj definiciji KRS se dijeli u pet
podtipova koji odrazavaju patofiziologiju, kronologiju te
prirodu popratne sr¢ane i bubrezne disfunkcije:'""

KRS tip 1 (akutni KRS) podrazumijeva naglo pogor-
$anje srcane funkcije, sto dovodi do akutnog zatajivanja
bubrega;

KRS tip 2 (kroni¢ni KRS) obuhvaca kroni¢ne srcane
funkcionalne abnormalnosti koje dovode do progresivne
kroni¢ne bubrezne bolesti;

KRS tip 3 (akutni renokardijalni sindrom) podrazumi-
jeva stanja u kojima naglo pogorsanje funkcije bubrega uz-
rokuje akutnu disfunkciju srca;

KRS tip 4 (kroni¢ni renokardijalni sindrom) obuhvaca
stanje kroni¢ne bubrezne bolesti koja izaziva poremecaj
sr¢ane funkcije, hipertrofiju LK i povecan rizik od neze-
lienih sr¢anozilnih dogadaja;

KRS tip 5 (sekundarni KRS) odrazava sustavne poreme-
caje koji uzrokuju i sr¢anu i bubreznu disfunkciju.

Povezanost kardiorenalnog sindroma i
anemije — kardiorenalni anemija sindrom
(KRAS)

Svjetska zdravstvena organizacija definira anemiju kao
razinu hemoglobina manju od 130 g/L u muskaraca te 120
g/L u zena." Anemija je Cesto prisutna u bolesnika s kro-
ni¢nom bubreznom bolescu i u onih s kroni¢nim ZS. U ve-
likoj meta-analizi 34 studije na 153.180 bolesnika sa sisto-
lickim i/ili dijastolickim ZS prevalencija anemije iznosila je
37,2%, a anemicni bolesnici imali su gotovo dvostruko ve-
¢u smrtnost.” Prevalencija anemije u KRS-u ovisi o stupnju
ZS (NYHA funkcionalnom razredu) i krece se izmedu 39 i
45%."" U najtezih bolesnika s kroni¢nim ZS (NYHA V)
prevalencija anemije penje se na visokih 79%." Treba is-
taknuti da osim same pojave anemije i njena tezina dobro
korelira sa stupnjem ZS.

Vec dugo znamo da je anemija lo$ predskazatelj tijeka
i ishoda kroni¢ne bubrezne bolesti. Anemija povecava
ucestalost kardiovaskularnih komplikacija, izaziva progre-
siju bubrezne bolesti do terminalne faze i potrebe za
nadomjesnim lijecenjem bubrezne funkcije.” U bolesni-
ka sa ZS anemiji se dugo nije pridavala odgovarajuca po-
zornost. Danas je dobro poznato da prateca anemija po-
vecava rizik od nezeljenih koronarnih dogadaja, pogor-
$ava samo ZS te izaziva veci pobol i smrtnost u ovih bole-
snika.” Anemija i kroni¢na bubrezna bolest dokazano ima-
ju negativan sinergisticki u¢inak na ZS i smrtnost bolesni-
ka (Slika 2).” U namjeri da istakne vaznost prisutnosti tri
nepovoljna stanja, koja su u negativnoj interakciji i cine
“zacarani krug” loseg ishoda, Donald Silverberg je pred-
lozio novi klinicki koncept pod nazivom “Kardiorenalni
anemija sindrom” (KRAS).” U tom sindromu bubrezna bo-
lest i ZS dovode do anemije, a ona dalje pogorsava dis-
funkciju dva vitalna organa.”*

U patogenezi KRAS vaznu negativnu ulogu imaju pret-
jerana aktivnost simpatickog i renin-angiotenzin-aldos-
teronskog sustava (RAAS) te pojacan upalni odgovor.”

gan, no matter whether it is the heart or kidney, may lead
to dysfunction of another organ.""

According to the currently accepted definition, CRS is
divided in five subtypes that reflect pathophysiology, chro-
nology and nature of accompanying cardiac and renal dys-

function:'""

CRS type 1 (acute CRS) implies a sudden impairment
of the cardiac function which causes acute kidney failure;

CRS type 2 (chronic CRS) includes chronic cardiac
functional abnormalities that lead to progressive chronic
kidney disease;

CRS type 3 (acute renocardial syndrome) includes the
conditions when sudden impairment of the renal function
causes acute cardiac dysfunction;

CRS type 4 (chronic renocardial syndrome) includes
the condition of CKD that causes disorder of cardiac func-
tion, LV hypertrophy and an increased risk of undesired
cardiovascular events;

CRS type 5 (secondary CRS) reflects systemic disorders
that cause cardiac and renal dysfunction.

Linking cardio-renal syndrome and anemia
— cardio-renal anemia syndrome (CRAS)

The World Health Organization defines anemia as a
hemoglobin level below 130 g/L in men and 120 g/L in
women." Anemia is often present in patients with CKD and
in those with chronic HF. In the large meta-analysis of 34
studies conducted on 153,180 patients with systolic and/or
diastolic HF, the prevalence of anemia was 37.2%, while
the anemic patients showed nearly twice higher mortali-
ty."” Prevalence of anemia in CRS depends on the NYHA
functional class of HF and it ranges between 39 and
45%.""7 In the most serious patients with chronic HF
(NYHA 1V) the prevalence of anemia rises to a high 79%."
It is worth noting that besides the phenomenon of anemia,
its weight well correlates with the HF degree.

We have long known that anemia is a bad predictor of
the course and outcome of CKD. Anemia increases the in-
cidence of cardiovascular complications, causes the pro-
gression of kidney disease to end-stage and the need for re-
placement therapy of renal function.”” In patients with
HF, anemia received no adequate attention for a long time.
It is now well known that the accompanying anemia in-
creases the risk of adverse coronary events, aggravates HF
and causes higher morbidity and mortality in these pa-
tients.” Anemia and CKD have proven to have a negative
synergetic effect on HF and mortality of patients (Figure
2).” In order to highlight the importance of the unfavorable
conditions, which negatively interact and make the “vi-
cious circle” of poor outcome, Donald Silverberg has pro-
posed a new clinical concept called “Cardio-Renal Ane-
mia Syndrome” (CRAS).” Regarding that syndrome, kidney
disease and HF lead to anemia which aggravates the dys-
function of the two vital organs.”*

In pathogenesis of CRAS, over-activity of the sympa-
thetic and renin-angiotensin-aldosterone system (RAAS)
and enhanced inflammatory response have an important

negative role.”
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Figure 2. Two-year mortality in a 5% sample of Medicare patients from the USA
(1.1 million patients, mean age 76.5 years, excluded those with end-stage renal
disease). The mortality rate for patients with no heart failure, chronic kidney
disease, or anemia was 7.7%.

Patofiziologija anemije u kroni¢nom
zatajivanju srca i kroni¢noj bubreznoj
bolesti

Patogeneza anemije u KRAS je multifaktorska. Pojavi
anemije u kroni¢nom ZS doprinosi postojanje hemodiluci-
je, nepovoljno djelovanje proupalnih citokina na eritroci-
topoezu, smanjena osjetljivost kostane srzi na eritropoetin,
pothranjenost, mogudi utjecaj kroni¢ne terapije RAS inhi-
bitorima (ACE inhibitorima, blokatorima angiotenzinskih
receptora). U SOLVD (Studies of Left Ventricular Dysfunc-
tion) studiji anemija je bila znacajno ¢esca u bolesnika li-
jecenih enalaprilom.” Ovaj ucinak ACE inhibitora objas-
njava se inhibicijom stvaranja angiotenzina Il kao ¢imbeni-
ka rasta te inhibicijom razgradnje tetrapeptida N-acetil-se-
ril-aspartil-lizil-prolina (AcSDKP), fizioloskog endogenog
inhibitora eritropoeze.” Nastanku anemije moze prido-
nijeti i kroni¢na terapija acetilsalicilnom kiselinom ili dru-
gim antitromboticima s mogucim krvarenjem iz gastroin-
testinalnog sustava. Bolesnici s kroni¢nom bubreznom bo-
lescu i bubreznom disfunkcijom imaju smanjeno stvaranje
eritropoetina, a Cesto i proteinuriju s gubitkom Zzeljeza i
transferina putem urina.””

Anemija izaziva tkivnu hipoksiju, vazodilataciju, sma-
njenu vaskularnu rezistenciju i pad arterijskog tlaka. U po-
kusaju odrzavanja tlaka i tkivne perfuzije aktivira se simpa-
ticki sustav, izazivajuci tahikardiju, porast udarnog volu-
mena srca i perifernu vazokonstrikciju. Hiperaktivnost sim-
patikusa djeluje nepovoljno, dovodi do bubrezne vazo-
konstrikcije, smanjenja bubreznog protoka krvi i pada glo-
merularne filtracije. To aktivira RAAS, $to vodi u daljnje
pogorsanje bubrezne vazokonstrikcije te retenciju soli i vo-
de. Posljedi¢na bubrezna disfunkcija pogorsava anemiju,
smanjenim stvaranjem eritropoetina i supresijom kostane
srzi uremickim produktima. Retencija soli i vode povecava
volumen plazme te volumno i tlacno opterecuje srce. Do-
lazi do daljnjeg remodeliranja srca, apoptoze stanica mio-
karda i progresije ZS (Slika 3).*

Pathophysiology of anemia in chronic heart
failure and chronic kidney disease

Pathogenesis of anemia in CRAS is multifactorial. The
existence of hemodilution, adverse effects of proinflamma-
tory cytokines on erythrocytopoesis, decreased sensitivity
of bone marrow to erythropoietin, malnutrition, the possi-
ble effect of chronic therapy by RAS inhibitors (ACE in-
hibitors, angiotensin receptor blockers) contribute to the
phenomenon of anemia. In SOLVD (Studies of Left Ventri-
cular Dysfunction) study, anemia was more frequent in pa-
tients treated by enalapril.” This effect of ACE inhibitors is
explained by the inhibition of angiotensin Il as a growth
factor and inhibition of degradation of tetrapeptide N-ace-
tyl-seryl-aspartil-lysyl-proline (AcSDKP), a physiological
endogenous inhibitor of erythropoiesis.”® Chronic treat-
ment with aspirin or other antithrombotic drugs with po-
tential bleeding from the gastrointestinal system may con-
tribute to occurrence of anemia. Patients with CKD and re-
nal dysfunction have the reduced creation of erythropoi-
etin, and often proteinuria with a loss of iron and transfer-
rin in urine.”*

Anemia causes tissue hypoxia, vasodilatation, decrea-
sed vascular resistance and decreased blood pressure. At-
tempting to maintain pressure and tissue perfusion, the
sympathetic system is activated, causing tachycardia, in-
creased heart stroke volume and peripheral vasoconstric-
tion. Sympathetic hyperactivity acts adversely, leading to
renal vasoconstriction, reduction of renal blood flow and
fall in glomerular filtration rate. This is activated by RAAS
which further leads to aggravation of renal vasoconstric-
tion and retention of salt and water. The consequential re-
nal dysfunction aggravates anemia, by reduced formation
of erythropoietin and bone marrow suppression by uremic
products. The retention of salt and water increases the vol-
ume of plasma causing effort for the heart in terms of vol-
ume and pressure. A further heart remodeling, myocardial
cell apoptosis and the HF progression are caused (Figure
3)-29,30
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Figure 3. Pathophysiological mechanisms in the Cardio-Renal Anemia Syndrome.

Zbog smanjenog minutnog volumena srca i kroni¢ne
tkivne hipoperfuzije u ZS pojacano se luce proupalni ci-
tokini, ¢cimbenik nekroze tumora alfa (TNFo) te interleuki-
ni 1,6 i 18. Proupalni citokini sudjeluju u patofizioloskim
procesima odgovornim za progresiju ZS, kroni¢ne bubrez-
ne bolesti i anemije.””* U in vitro istraZivanjima jasno je
dokazano da proupalni citokini izazivaju smanjeno stva-
ranje progenitornih stanica crvene loze, neosjetljivost ko-
Stane srzi na eritropoetin i porast vrijednosti hepcidina, $to
rezultira smanjenom apsorpcijom zeljeza u tankom crijevu
te blokadom otpustanja zeljeza iz makrofaga.”** Deficit
zeljeza, bilo apsolutni ili relativni (funkcionalni), vazna je
sastavnica anemije u KRAS. U kostanoj srzi bolesnika s
kroni¢nom bubreznom bolescu u predijaliznoj fazi, kao i u
bolesnika sa ZS i pratecom anemijom, sadrzaj zeljeza zna-
¢ajno je smanjen.”* Stoga je dijagnosticiranje nedostatka
Zeljeza vrlo vazno za ispravno lijecenje anemije u KRAS.

Lijecenje anemije i u¢inak na sr¢anu i
bubreznu bolest

Za razliku od dobro poznatih smjernica za lijecenje
anemije u kroni¢nih bubreznih bolesnika”, trenutno ne
postoje odgovarajuce smjernice za lije¢enje anemije u bo-
lesnika sa ZS. Kanadsko kardiolosko drustvo je 2007. go-
dine preporucilo lijecenje bilo kojeg reverzibilnog uzroka
anemije u ovih bolesnika preparatima zeljeza, vitaminom
B12 ili folnom kiselinom.*

Do sada je ucinak eritropoetina u lijecenju anemije u
bolesnika s kroni¢nim ZS istrazivan u desetak manjih klin-
ickih studija.” Cilj su bile vrijednosti hemoglobina od 120-
130 g/L, a praceni su moguci nepovoljni dogadaji i korist
ovakve terapije. Primjena eritropoetina uz peroralne ili in-
travenske preparate Zeljeza znacajno je poboljsala NYHA
funkcionalni razred i istisnu frakciju LK. Postignuta je bol-
ja kvaliteta zivota, bez porasta nepovoljnih ishoda.”

Due to reduced heart minute volume and chronic tis-
sue hypoperfusion in HF, proinflammatory cytokines, the
factor of necrosis of tumor alpha (TNFa) and interleukins
1,6 and 18 are increasingly secreted. Pro-inflammatory cy-
tokines are involved in the pathophysiological processes
responsible for the progression of HF, CKD and anemia.’"”
In in vitro studies, it has been clearly demonstrated that
proinflammatory cytokines cause reduced formation of
progenitor red blood cells, insensitivity of the bone marrow
to erythropoietin and an increase in hepcidin levels, result-
ing in reduced iron absorption in the small intestine and
blocking the release of iron from macrophages.”* The
deficit of iron, either absolute or relative (functional), is an
important component of anemia in CRAS. In the bone mar-
row of patients with CKD in predialysis stage, as well as in
patients with HF and accompanying anemia, the iron con-
tent is significantly reduced.”” For that reason, the diagno-
sis of iron deficiency is very important for proper treatment
of anemia in CRAS.

Treatment of anemia and effect on heart
and kidney disease

Unlike the well-known guidelines for the treatment of
anemia in chronic kidney patients”, currently there are no
appropriate guidelines for the treatment of anemia in pa-
tients with HF. In 2007, the Canadian Society of Cardiolo-
gy recommended the treatment of any reversible cause of
anemia in these patients with drugs containing iron, vita-
min B12 or folic acid.”

So far, the effect of erythropoietin in the treatment of
anemia in patients with chronic HF was investigated in a
dozen small clinical trials.” The objective was the hemo-
globin value from 120-130 g/L, accompanied by potential
adverse events and benefits of such therapy. Application of
erythropoietin with oral or intravenous iron drugs signifi-



Uglavnom se radilo o nerandomiziranim klinickim pokusi-
ma na malom broju bolesnika. Stoga su potrebne vece kli-
nicke studije koje trebaju utvrditi ucinke i sigurnost lijece-
nja eritropoetinom te optimalne ciljne vrijednosti hemo-
globina u bolesnika s kroni¢nim ZS. Trenutno je u tijeku
dvostruko slijepa, randomizirana, multicentri¢cna RED-HF
studija (Reduction of Events With Darbepoetin Alfa in
Heart Failure), koja analizira uc¢inak darbepoetina alfa i vi-
sokih ciljnih vrijednosti Hb (130 g/L) na ukupnu smrtnost i
pobol u vise od 1.000 bolesnika s kroni¢nim ZS i anemi-
jom.®

Na oprez u primjeni eritropoetina upozorili su rezultati
CHOIR (Correction of Hemoglobin Outcomes in Renal In-
sufficiency)"', CREATE (Cardiovascular Risk Reduction by
Early Anemia Treatment with Epoetin Beta study)” i TREAT
(Trial to Reduce Cardiovascular Events with Aranesp The-
rapy)” studije. Ove velike klinicke studije ispitivale su uci-
nak eritropoetina u lijecenju anemije i postizanju normal-
nih vrijednosti hemoglobina (Hb 2130 g/L) u predijaliznih
kroni¢nih bubreznih bolesnika. U tako lijecenih bolesnika
uocena je veca ucestalost tromboembolickih incidenata i
mozdanog udara. Nakon toga ameri¢ko Nacionalno vijece
za lijecenje bubreznih bolesnika (Kidney Disease Out-
comes Quality Initiative, KDOQ)I) izdalo je obnovljene
klinicke smjernice za lijecenje anemije u bubreznih bole-
snika, s preporucenim ciljnim vrijednostima hemoglobina
od 110-120 g/L.”” Naknadna podanaliza CHOIR studije
pokazala je da sama vrijednost hemoglobina nije bila kri-
va za nezeljene dogadaje, vec su se oni javljali u bolesni-
ka u kojih su zbog slabijeg odgovora primjenjivane visoke
doze eritropoetina.*

Trenutno anemiju u bolesnika s KRAS treba lijeciti u
skladu sa smjernicama za lijecenje anemije u kroni¢nih bu-
breznih bolesnika.”* U predijaliznih kroni¢nih bubreznih
bolesnika vazno je dijagnosticirati i lijeciti moguci nedo-
statak Zeljeza, prije upotrebe lijekova za stimulaciju eri-
tropoeze. Oralni preparati zeljeza u bolesnika s KRAS ce-
sto imaju slab ucinak, zbog negativnog utjecaja kronicne
upale na crijevnu apsorpciju zZeljeza. Intravenska terapija
zeljezom djelotvorna je u anemiji zbog nedostatka zeljeza,
sama ili u kombinaciji s eritropoetinom. U bolesnika s
KRAS-om ovakva terapija djeluje povoljno na funkciju srca
i bubrega, poboljsava podnosenje napora, NYHA funk-
cionalni razred i povecava istisnu frakciju LK.** U FAIR-
HF (Ferinject Assessment in Patients with Iron Deficiency
and Chronic Heart Failure) studiji* intravenskim prepa-
ratom Zeljeza lijeceni su simptomatski bolesnici sa ZS i de-
ficitom zeljeza, a vise od 40% bolesnika imalo je znacajnu
bubreznu disfunkciju (e€GFR <60 mL/min/1,73 m’ povrsine
tijela). Vec nakon cetiri tjedna lijecenja doslo je do znaca-
jnog poboljsanja simptoma ZS, vece tolerancije napora i
bolje kvalitete Zivota. Ova studija je pokazala da povoljne
ucinke intravenske terapije zeljezom mogu imati ne samo
anemicni bolesnici (Hb <120 g/L), nego i bolesnici sa ZS i
deficitom Zeljeza bez anemije (Hb 2120 g/L). U tijeku je
FIND-CKD (Ferric Carboxymaltose Assessment in Subjects
With Iron Deficiency Anaemia and Non-dialysis-depend-
ent CKD) studija* koja istrazuje lije¢enje anemije intraven-
skim preparatom Zeljeza i lijekom za stimulaciju eritro-
poeze u predijaliznih kroni¢nih bubreznih bolesnika. Oce-
kuje se da pokaze moze li intravenska terapija Zeljezom
odgoditi pocetak lijecenja lijekom za stimulaciju eritro-
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cantly improved NYHA functional class and LV ejection
fraction. A better quality of life with no increase in adverse
outcomes has been achieved” Basically, these were non-
randomized clinical trials on a small number of patients.
So, larger clinical studies need to be conducted in order to
determine the effects and safety of erythropoietin treatment
and the optimal target hemoglobin values in patients with
chronic HF. At the moment, a double blind, randomized,
multicentric RED-HF trial (Reduction of Events With Dar-
bepoetin Alfa in Heart Failure), that analyzes the effect of
darbepoetin alfa and high target values of Hb (130 g/L) on
total mortality and morbidity in more than 1000 patients
with chronic HF and anemia is underway.”

The outcomes of the CHOIR (Correction of Hemoglo-
bin Outcomes in Renal Insufficiency)", CREATE (Cardio-
vascular Risk Reduction by Early Anemia Treatment with
Epoetin Beta study)” and TREAT (Trial to Reduce Cardio-
vascular Events with Aranesp Therapy)® study have war-
ned for caution in the use of erythropoietin. Such large cli-
nical studies tested the effect of erythropoietin in the treat-
ment of anemia and the achievement of normal hemoglo-
bin values (Hb 2130 g/L) in predialysis chronic kidney pa-
tients. An increased frequency of thromboembolic inci-
dents and stroke was observed in patients treated in such a
way. After that, the Kidney Disease Outcomes Quality Ini-
tiative (KDOQ)I) has issued the renewed clinical guidelines
for the treatment of anemia in kidney patients, with recom-
mended target hemoglobin values 110-120 g/L.”” The sub-
sequent sub-analysis of the CHOIR study has shown that
the hemoglobin value itself was not accountable for adver-
se events, but they occurred in patients in whom high dos-
es of erythropoietin were applied due to poor response.*

Currently, the anemia in patients with CRAS should be
treated in accordance with the guidelines for treatment of
anemia in CKD.”* In predialysis chronic kidney patients,
it is important to diagnose and treat potential deficiency of
iron prior to the use of drugs for stimulation of erythro-
poiesis. Oral iron drugs in patients with CRAS usually have
a poor effect due to negative impact of chronic inflamma-
tion on the intestinal iron absorption. Intravenous iron the-
rapy is effective in anemia due to deficiency of iron, alone
or in combination with erythropoietin. In patients with
CRAS, such therapy has a favorable effect on the cardiac
and renal function, improves the tolerance of effort, NYHA
functional class and increases the left ventricular ejection
fraction.** In FAIR-HF (Ferinject Assessment in Patients
with Iron Deficiency and Chronic Heart Failure) study® the
intravenous iron drug was used for the treatment of symp-
tomatic patients with HF and iron deficiency, while over
40% of patients had a significant renal dysfunction (eGFR
<60 mL/min/1.73 m’ of the body surface). After four weeks
of the treatment, there was a significant improvement of HF
symptoms, increased tolerances of effort and better life
quality. This study has shown that positive effects of the in-
travenous iron therapy may be shown not only in anemic
patients, (Hb <120 g/L), but also in patients with HF and
iron deficiency without anemia (Hb 2120 g/L). The FIND-
CKD (Ferric Carboxymaltose Assessment in Subjects With
Iron Deficiency Anemia and Non-dialysis-dependent CKD)
study*” is underway which investigates the anemia treat-
ment by intravenous iron drug and a drug for the stimu-
lation of erythrocytopoesis in predialysis chronic kidney
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poeze te smanjiti dozu potrebnu za postizanje Zeljene vri-
jednosti hemoglobina.”

Zakljucak

Novi klinicki koncept sadrzan u izrazu “Kardiorenalni
anemija sindrom” istice vaznost istodobne prisutnosti tri
poremecaja: ZS, bubrezne disfunkcije i anemije. Radi se o
zacaranom trokutu s negativnom interakcijom izmedu po-
jedinih abnormalnosti i losom prognozom. lako je sindrom
okvirno definiran, ne postoje smjernice za dijagnostiku i li-
jecenja KRAS. Za razliku od jasnih smjernica za lijecenje
anemije u kroni¢noj bubreznoj bolesti”*, nedovoljna se
paznja pridaje anemiji u bolesnika s kroni¢nim ZS. Trenut-
ne smjernice Europskog kardioloskog drustva za lijecenje
akutnog i kroni¢nog ZS' prepoznaju vaznost anemije kao
moguceg komorbiditeta, ali ne daju jasne preporuke za
njeno lijecenje. Nova klinicka istrazivanja, od kojih su ne-
ka u tijeku®, sigurno ce dati novi doprinos boljem razumi-
jevanju vaznosti lijecenja anemije u bolesnika sa ZS. Tre-
nutno lijecenje KRAS u velikoj mjeri ovisi o specijalnosti li-
jecnika koji je sindrom prvi prepoznao, odnosno kome se
bolesnik prvom obratio. Kardiolozi prednost u lijecenju
daju ZS, a nefrolozi nefroprotekciji i bubreznoj disfunkciji.
Do pojave specifi¢nih smjernica za dijagnostiku i lijecenje
KRAS potreban je multidisciplinarni pristup bolesniku i
oslanjanje na postojece smjernice za pojedine sastavnice
sindroma.
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patients. It is expected to show whether the intravenous
iron therapy may delay the onset of the drug therapy for the
stimulation of erythropoiesis and reduce the dose needed
to achieve the desired hemoglobin values.”

Conclusion
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