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Deficit zeleza — diagnostika a
orinos |écby

Ceskd asociace srdeéniho selhdni - Kontroverze v diagnostice a 16¢bé srdeéniho selhdni
Anna Chaloupka
Ambulance dédicnych kardiomyopatii, FNUSA Brno
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Role Zeleza v organismu ~

e Zelezo je kli¢ové pro:
* Transport kysliku do tkani (souc¢ast hemoglobinu)
* Produkci energie v bunkach (dychaci fetézec, Krebstv cyklus)andrews, 2020)

* V organismu:
« Cast Zeleza je ulozena ve formé feritinu
* Cast je transportovana v plazmé navazana na transferin (Ganz & Nemeth, 2015)

* NejCastéjsi nutricni deficience na svéte
* Postihuje vice nez 5 milionu lidi globalné
* \/ rozvinutych zemich az 9 % populace (wro, 2021)
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Priciny deficitu zeleza (ID)

* Nedostatecny prijem

e Krevni ztraty (gastrointestinalni, gynekologické)

* Malabsorpce (napr. celiakie, po resekcich GIT)

e ZvysSena potreba (téhotenstvi, rust, srdecni selhani)
* Chronicky zanet

e Zvlasté u pacientu s chronickym onemocnénim ledvin (CKD) nebo
srdecnim selhanim (HF) (Jankowska et al., 2023)
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Prevalence ID u HF pacientu

e HFrEF: 43—63 % (singh et al, 2023; Sung et al,, 2023)
* HF P EF: 51-61 % (Lindberg et al., 2023; Esteban-Ferndndez et al., 2023)

e Akutni HF: 53-81 % (Lanser et al., 2023; Park et al., 2023)

* Casté&jsi u Zen
® éaStO pFehll'iena u neanemiCk\l/Ch pacientﬁ (Begrambekova et al., 2023; Park et al., 2023)
* ID je spojena s:

» J fyzickou vykonnosti

e { kvalitou Zivota
¢ /]\ mirou hOSpitaIizaCI, (Jankowska et al., 2023)

. INTERNI
U SV. ANNY A q KARDIOANGIOLOGICKA MUNTI
€ KLINIKAFNUSAALF MU MED




Mechanismy: Jak deficience zeleza zhorsSuje progndézu

srdecniho selhani

1. ZhorSeny transport kysliku

+ Zelezo je kli¢ové pro syntézu hemoglobinu=> anémie
- { doddvka O, do tkani - zhorseni pfiznakd
HF(Martens et al., 2022)

2. Mitochondrialni dysfunkce

 Zelezo je kofaktor mitochondrialnich enzymid—>
porucha produkce ATP - {, funkce myokardu a
svall(Enjuanes et al., 2021)

3. ZvysSeny oxidacni stres
* ID naruSuje redoxni rovnovahu-> I oxidacni stres -
ne‘oﬁ'zniva remodelace srdce(Anker & Comin-
Colet, 2015)
4. Neurohormonalni aktivace
* ID aktivuje sympatikus a RAAS—=> > progresi
srdec¢niho selhani(Ponikowski et al., 2020)
5.Zanét
* ID koreluje s 1 zanétlivych markeri-> podporuje
remodelaci a progresi HF(Jankowska et al., 2023)
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Diagnosticka kritéria ID dle ESC HF 2021 / 2023

* 1D je pfl'tomna pOkUd' s DEfIt(;‘.It fzeleza : L
TSAT < 209
* Feritin < 100 ng/mL nebo SAT < 20% nebo feritin < 100 ug/ _

* Feritin 100-299 ng/mL a TSAT<20% (Papadopoulou et al., 2023; Jankowska et al., 2023; Singh et
al., 2023)

* Tato kritéria byla pouzita ve studiich: FAIR-HF, CONFIRM-HF, AFFIRM-
AHF
. Aimity:
* Feritin = reaktant akutni faze - muze byt falesné zvysen
e TSAT ovlivnén cirkadiannimi zménami

* Nové biomarkery (hepcidin, sTfR) jsou presnejsi, ale malo dostupné
(Lanser et al., 2023; Lindberg et al., 2023; Khanyukov et al., 2023)
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Co je nového v 2023 Update ESC guidelines

FAKL
NEM
U Sv
V BF

Recommendations

It is recommended that a
s * for anaemia and iron defi-
ciency with a full blood count, serum ferritin

concentration, and TSAT.

Intravenous iron supplementation with ferric
carboxymaltose should be considered in symp-
tomatic patients with LVEF <459% and iron defi-
ciency, defined as serum ferritin <100 ng/mL or
serum ferritin 100—299 ng/mL with TSAT
<20%, to alleviate HF symptoms, improve exer-

cise Capal:it)«’ and QOL?ID.?ZZ.724

Intravenous iron supplementation with ferric
carboxymaltose should be considered in symp-
tomatic HF patients recently hospitalized for HF
and with LVEF <50% and iron deficiency, defined
as serum ferritin <100 ng/mL or serum ferritin
100—299 ng/mL with TSAT <20%, to reduce
the risk of HF hospitalization."?

Class®

Level®

ESC _ European Heart Journal (2023) 44, 3627-3639 ESC GUIDELINES
European Society https//doi.org/10.1093/eurheartj/ehad195
of Cardiology

2023 Focused Update of the 2021 ESC
Guidelines for the diagnosis and treatment
of acute and chronic heart failure

Developed by the task force for the diagnosis and treatment of acute
and chronic heart failure of the European Society of Cardiology (ESC)

With the special contribution of the Heart Failure Association (HFA)
of the ESC

Level®

Class?

Recommendations

Intravenous iron supplementation is recommended
in symptomatic patients with HFrEF and HFmrEF,

and iron deficiency, -
¢ 12,41,47-49

’ 1

Intravenous iron supplementation with {
& ' ‘ : ~ 2should be
considered in symptomatic patients with HFrEF and

lla

HFmrEF, and iron deficiency, t
| i c 12414346

© ESC 2023

Deficit zeleza
TSAT < 20% nebo feritin < 100 ug/L




Intravendzni vs. peroralni suplementace

Intravenodzni zelezo

* Biologicka dostupnost:
* Obchazi gastrointestindlni trakt - primé podani do krve
« U¢innost:
* RCT potvrzuji zlepSeni vykonnosti, kvality Zivota a snizeni hospitalizaci (JACC, Kidney Int., 2023)

Bezpecnost:
* Dobra tolerance, nutné monitorovani hypersenzitivnich reakci

Peroralni zelezo

* Biologicka dostupnost:
* Omezena absorpce ve strevé, ovlivnéna zanétem a hepcidinem

 Uéginnost:
*  Minimalni zlepSeni funkéni kapacity a kvality Zivota

Bezpecnost:
 Casté GIT nezadouci G€inky, nizka adherence (Kidney Int., JACC)
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AFFIRM-AHF Trial Ty

* Multicentricka, dvojité zaslepena, randomizovana, placebem kontrolovana studie

. Hypotéza
* Podani intravendzni karboxymaltdzy Zeleza (FCM) u pacient( s akutnim srdecnim selhanim (AHF) a
deficitem Zeleza (ID) zlepsi klinické vysledky po hospitalizaci.
. Primarni cil
* Kompozitni endpoint: Celkovy pocet hospitalizaci pro srdecni selhani + kardiovaskularni umrti

. Hlavni vysledky
e FCM nesnizila signifikantné primarni kompozitni cilovy ukazatel
* Doslo vsak ke zlepSeni sekundarnich ukazatelU:
* { riziko opétovnych hospitalizaci pro HF
« I kvalita zivota (Filippatos et al., 2023)

. Subanalyzy
e Podskupina s Hb <120 g/L: trend k vétSimu prospéchu z |[é¢by FCM
* Pacienti s/bez diabetu: uc¢inek FCM byl konzistentni bez interakce s diabetem (Rosano et al., 2023)
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IRONMAN Trial _

* Prospektivni, randomizovana, otevrena studie

. Hypotéza

e Podani intravendzni derisomaltézy zeleza (FDI) zlepsi klinické vysledky u pacientl se srdec¢nim
selhanim se snizenou ejek¢ni frakci (LVEF < 45%) a deficitem zZeleza (ID) TSAT < 20% nebo
feritin < 100 ug/L.

* Prevaziné ambulantni pacienti (14% béhem hospitalizace pro HF), median sledovani 2,7 roku
. Primarni cil
* Snizeni miry opakovanych hospitalizaci pro HF a kardiovaskularniho umrti

. Hlavni vysledky
* Rozdil nebyl statisticky signifikantni 0,82 (95% Cl 0,66-1,02; p 0,07) (Ludman et al., 2024)

* Analyza zohlednujici vliv pandemie C-19 prokazala snizeni primarniho endpointu KV mortality
a hospitalizace pro HF + CMP + IM (HR 0,76, Ci 0,58-1,00; p 0,047)

e Qol statisticky hrani¢né vyznamny rozdil (p 0,05)
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FAIR-HFpEF Trial NS

* Multicentricka, randomizovana, dvojité zaslepena studie

* @ Hypotéza
 Intravendzni karboxymaltéza Zeleza (FCM) zlepsi fyzickou vykonnost u pacientd se
srde¢nim selhdanim se zachovanou ejekéni frakci (HFpEF) a deficitem Zeleza (ID).
2 Primarni cil
e Zména vzdalenosti v testu 6minutové chize (6MWTD)od vychozi hodnoty do 24.
tydne
* @ Hlavni vysledky
e Studie byla predcasné ukoncena kvuli nizkému ndboru (39 pacientt)
 FCM vedla ke zlepseni vzdalenosti v 6MWTD 95% (Cl) 5-93; p = 0,029

* Méné zavaznych nezadoucich ucinkl (SAEs) ve skupiné s FCM oproti placebu
(Haehling et al., 2023; FAIR-HFpEF, 2024)
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IRONOUT-HF Trial

 Randomizovana, dvojité zaslepena, placebem kontrolovana studie

P Hypotéza
* Peroralni suplementace Zeleza zlepsi fyzickou kapacitu u pacient( se srdecnim
selhanim se snizenou ejekcni frakei (HFrEF) a deficitem Zeleza (ID).

P Primarni cil
* Zmena vzdalenosti v 6minutovém testu chize (6MWTD) mezi vychozim stavem a
koncem sledovani

e P Hlavni vysledky
* Nebyl zaznamenan signifikantni rozdil v 6MWTD mezi skupinami (peroralni zelezo vs.
placebo)
e Studie upozornila na limity peroralni suplementace:

* Nizka adherence
* Casté gastrointestinalni nezadouci ucinky (Cheema et al., 2024)
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RED-HF Trial

 Randomizovana, dvojité zaslepena, placebem kontrolovana studie

P Hypotéza
* Darbepoetin alfa (stimulator erythropoetinu) snizi riziko kardiovaskularniho umrti
nebo hospitalizaci pro zhorSeni HF u pacientu se snizenou ejekcni frakci (HFrEF) a

anémii (Hb 90-120g/L)

@ Primarnicil
. KOI?]"PO,Zit”" endpoint: Kardiovaskularni smrt + hospitalizace pro zhorseni srdecniho
selhani

e P Hlavni vysledky
 Studie nesplnila primarni cil — darbepoetin alfa nesnizil vyskyt kompozitniho
endpointu
* vyssi vyskyt trombembolickych komplikaci ve skupiné lécené darbepoetinem alfa
(13,5% vs. placebo (10%) (p 0,01)

Treatment of anaemia in HF with erythropoietin stimulating
agents is not recommended in the absence of other indica-
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HEART-FID Trial

* Nejvetsi randomizovana multicentricka studie zamerena na
dlouhodobé prinosy intravendzniho zeleza Death within 12 Mo Hospalization for
Heart Failure within 12 Mo
* @ Hypotéza
* Intravendzni suplementace Zeleza u pacient( se srdecnim selhanim 3 s pum
(HF) LVEF < 40%, a Hb 90-150, deficitem Fe (feritin <100 nebo 100- |/ - . 2
300 a TSAT <20%), snizi dlouhodobou kardiovaskularni mortalitu. L I
Carboxymaltose Carboxymaltose
. Cil
. P Vol ] T i e >
* Posoudit dlouhodoby vliv IV zeleza na: 6 Minute Walk Distance (m)
e Kardiovaskularni umrtnost Carborgmsiiose  Placebo
* hospitalizace pro HF v poslednich 12M nebo zvysené natriur. peptidy change from baseinerosmo || KSR N
° VVSled ky oo Cardiovascular Death or First Hospitalization for Heart Failure
* Nebyl prokazan prinos substituce FCM proti placebu
* Pacienti byli zafazeni pfedev$im na zakladé nizkého feritinu, L
prumeér TSAT ve vétvi s karboxymaltozou byl 23,9% oAN1533)
; '_)O- * Ferric Carboxymaltose, 31.0
a 104 f (475/1532)
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Co nam rikaji metaanalyzy z techto studii?

* Meta-analyza 14 RCT (n=3 597): i.v. suplementace
* & CV umrti nebo hospitalizace pro HF OR: 0,55 (95% Cl: 0,45-0,67); p < 0,001

« @ Hospitalizace pro HF OR: 0,49 (95% ClI: 0,32—-0,75); p < 0,001(Jaiswal et al., 2023)
* Meta-analyza 16 RCT (v€etné HEART-FID, AFFIRM-AHF a CONFIRM-HF (n=4
376):
* @ Hospitalizace pro HF — OR: 0,73 (95% ClI: 0,56—0,96); p = 0,026
* I Vykonnost (6MWTD) — MD: +20,02 m (95% Cl: 8,16—31,87); p = 0,0009(Oli et
al., 2023; Hamza et al., 2023)

e v podskupinové analyze se prokazalo, ze suplementace Fe ma prinos jen ve skupiné
pacientu s TSAT < 20%. Nizky feritin naopak nebyl prognostickym faktorem
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Intravenous iron, only for those in need

Peter van der Meer @ * and Niels Grote Beverborg ©

Department of Cardelogy, University Medical Center Groningen, Hanzeplein 1, 9700 RB, Groningen, The Metherlands

Online publish-ghead-of-print 13 March 2024

This editorial refers to ‘Intravenous iron for heart failure, iron deficiency definitions, and clinical response: the IRONMAN

trial’, by J.G.F. Cleland et al., https://doi.org/10.1093/eurheartj/ehae086.

Graphical Abstract

Intravenous iron in heart failure: only when needed
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Iron deficiency can be defined using circulating plasma or serum parameters, bone marrow iron staining, and clinical response to intravenous iron. VWhen
we compare the two most often used circulating parameters, transferrin saturation (TSAT) and ferritin, with bone marrow iron staining and clinical
response to intravenous iron, two important observations can be made. (i) Top panel: a deficiency of iron in the bone marrow is observed in patients
with a transferrin saturation (TSAT) <20%, independent of ferritin; an isclated low ferritin level does not predict bone marrow iron shortage. (i) Lower
panel: patients with a TSAT <20% (and a ferritin <300/400 ug/L, depending on the specific randomized controlled trial) improve in terms of biomarkers,
quality of life (QOL), exercise capacity, and prognosis when treated with intravenous iron. Those with an isolated low ferritin, however, do not shown
clinical improvements.

~—_

* Deficit zeleza mUze byt
definovan plazmatickymi
parametry (feritin, TSAT),
barvenim Fe v kostni dreni
(zlaty standard) a klinickou
odpovedi na substituci Fe.

* Deficit Fe v kostni dreni
koreluje s TSAT < 20%, ne s
nizkym feritinem.

* Pacienti s TSAT < 20% maji
klinicky benefit ze substituce

Fe, zatimco pacienti s izolované

nizkym feritinem ne.
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h
LéCebna strategie i

Consider single doses of ferric carboxymaltose
(500-1000 mg iron) to correct iron deficiency*

Calculate total iron need using the table:

Haemoglobin Patient body weight
g/dL mmol/L <35 kg 35kg to 270 kg
<70 kg
e Symptomaticky pacient s HFrEF nebo HFMIEF |Fsem Toossr Taom T oa
214to 15 28.7t0 9.3 | 500 mg 500 mg 500 mg

(LVEF < 50%)

TSAT < 20% NEBO feritin < 100 ug/L a Hb <
150 g/L

* Podavame vypoctenou davku carboxymaltézy
zeleza dle Hb a vahy pacienta

* max 1000mg v infuzi / tyden

PACIENTUM SE SRDECNIM

* kontrola za 3 meésice

* Podminky zvysené uhrady: EF LK < 45% a

NYHA II-Il, |écen ACEI
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Kolik pacientu ma deficit zeleza?  wm ssosous, ruusa, ermo

AMBULANTI HOSPITALIZOVANI

m Without ID according to Guidelines 2023
€ m Without ID according to Guidelines 2023

M ID according to Guidelines 2023 (T-sat < 20% or ferritin < H ID according to Guidelines 2023 (T-sat < 20% or ferritin <
100 pg/1) 100 pg/l)
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Shrnuti a vize do budoucna — deficit zeleza

* velmi Casty a ovlivnitelny rizikovy faktor u pacientu s HF se snizenoua
mirne snizenou EF zhorsuijici jejich symptomy, kvalitu Zivota (IA) a zvysujici
riziko hospitalizaci pro HF (lIA)

* | bez pritomnosti anémie

* doporuceno (lA) cilené vySetfovat — min. 1x rocné — krevni
obraz, Hb, feritin a saturace transferinu (TSAT)

* TSAT < 20% NEBO feritin < 100 ug/L
* Intravendzni infuze karboxymaltozy zeleza

* Dle novych metaanalyz se ukazuje, ze TSAT < 20% je lepsim ukazatelem
opravdového deficitu zeleza a priznivéeho klinického prinosu
suplementace, naopak samostatne nizky feritin spise naopak, to se zatim
jesté nepromitlo do guidelines.
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Dekuji za pozornost!
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