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ESC GUIDELINES
@ ESC European Heart Journal (2021) 00, 1128

European Society doi:10.1093/eurheartj/ehab368
of Cardiology

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
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What is new (9) @ESC

Recommendations for management of patients with HF and iron deficiency Class
It is recommended that all patients with HF are periodically screened for anaemia and
iron deficiency with a full blood count, serum ferritin concentration, and TSAT.
Intravenous iron supplementation with ferric carboxymaltose should be considered in
symptomatic HF patients recently hospitalized forHF and with LVEF £50% and iron
deficiency, defined as serum ferritin <100 ng/mL or serum ferritin 100299 ng/mL
with TSAT <20%, to reduce the risk of HF hospitalization.

Treatment of anaemia in HF with erythropoietin stimulating agents is not recommended .
in the absence of other indications for this therapy.

lla

. " . 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
www.escardlo.org/gu|deI|nes (European Heart Journal 2021 - doi:10.1093/eurheartj/ehab368)
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Vyznam zeleza pro organismus

» Mitochondrial functions(e.g.TCA)
* Synthesis of hemoproteins and
iron-sulfur clusters
* Oxygen storage
+ Scavenging ROS
+ Metabolism (e.g. beta oxidation)

Kidney

) Mitochondria
Liver

+ Normal brain function
* Neurotransmitter
synthesis(e.g. serotonin)
- Myelin formation

*Synaptic development  Neryous system

)
...

* Production of
thyroid hormones

Thyroid gland

. ' miRNA Immune system
II A ™™ DNA %
« Erythropoeiesis Re:e:::Od_ ) m
RS0 RNA : + Immune cell proliferation
. * Immune effector
* DNA & RNA synthesis functions(e.g. cytokine
+ microRNA biogenesis production and inflammation)
« Cell cycle control and proliferation
+ Transcription factors(e.g. Bach1 and NPAS2) ’
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Priciny vzniku deficitu zeleza u srdeéniho selhani

Reduced iron absorption

= Intestinal dysfunction (e.g. edema,
hypoperfusion and downregulation of
HIF-2q)

* Increased hepcidin levels (
inflammation or genetic factos such
as TMPRSS6 mutations)

* Hypochlorhydria and increased pH (
e.g. PPIs and atrophic gastritis)

» Concomitant consumption of
inhibitors of iron
absorption (e.g, calcium or tea)

* Dysbiosis ?

Reduced iron intake

« Inadequate nutritional iron intake due to malnutrition
+ Inadequate dietary iron content due to low iron
bioavailability (e.g. vegetarian diet)

Myocardial iron deficiecny

[ 1. Neurohormonal activation T

Increased iron loss

+Gastrointestinal bleeding ( e.g. colon
cancer, gastric ulcers, polyps,
hookworms, diverticulosis,, esophagitis
and use of medications such as
anticoagulants and antiplatelets)
= Bleeding from other locations (e.g.
urinary bleeding) ?
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Prevalence deficitu zeleza u srdeéniho selhani
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Parametry zeleza v rtiznych fazich deficitu

Nalezené
laboratorni
hodnoty ™3 maini Snizeny Nizky feritin Snizené: feritin, TSAT,  Normalni/ vyssi
hodnoty feritin Snizena TSAT Hb, MCV ferltm
Stadium 0 Stadluvml § Stadlum_z_ , _ Stad_lum3 o
Deplece zeleza Zelezo - deficitni Sideropenicka anémie
K erytropoéza Y, H/—/ w—/
Deficit Zeleza (ID) Absolutni ID Funkéni ID
MCV = mean corpuscular elezo Transportnl’ yelezo Zasobni zelezo

volume;

Rh-EPO = recombinant
erythropoietin;

TSAT = transferrin saturation

1. Crichton RB et al. Iron therapy - With Special Emphasis on Intravenous Administration. 4th Ed. UNI-MED Verlag \@/ c FAKULTNI
AG. Bremen. 2008 2. Tussing-Humphreys | et al. J Acad Nutr Diet. 2012;112:391-400 OSTRAVSKA (N)E%R\C/R“CE



Dasledky deficitu zeleza u srde¢niho selhani

Anaemia Other effects
4 02 transport . 'mem”:y:kmmme
— Iron deficiency g

Immune system

« impaired innate response

* Neural abnormalities

-
« Impaired thyroid function

ot

Mitochondrial dysfunction

* Ineffective mitophagy & mtDNA damage
i = Abnormal structure
4 Fe-8S clusters & heme synthesis
1 Biogenesis
TROS & RNS
1 Dysfunctional OXPHOS
1 B oxidation efficiency
1 Lactic acid &Glycolysis
| Energetics

Heart

+ Cardiac hypertrophy & fibrosis
+ Altered Ca*? handling
= Adverse remodelling
1 Contractile reserve
TNTproBNP
T Heart rate
4 02 storage (myoglobin)
4 Systolic and diastolic function

v v

Skeletal muscle Kidneys

1 02 storage (myoglobin)
1 Glycogen stores
+Altered muscle fiber
composition
4 VO; max

Kidney injury ?
1 Renal function
T FGF23

v
Metabolic effects
1 Ketogenesis

T Liver fat deposition
i Gluconeogenesus

g

1 Exercise tolerance

J. Clin. Med. 2022, 11, 125.
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Klinické dusledky deficitu zeleza u srdecniho selhani

Deficit zeleza zhorSuje kvalitu Zivota + zvySuje riziko hospitalizace

ID SNIZUJE ID JE NEZAVISLY PREDIKTOR
TOLERANCI FYZICKE ZATEZES* RIZIKA HOSPITALIZACE PRO HF ¥
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Upraveno podie Jankowska 201 1 wid ASe LA E ] podle Martens 2017

1D samotny md vétiviivna tole i 26té2e neZ anémi d
D néjvétdl negativniviiv na toleranci z6téde 1198 pacientl s CHF "
N=443 pacientd se srdecnim sethdnim se sniZenou ejekéni frakel
Jankowska EA et al. J Card Fail 2011;17(11):899-906 \U} < FAKULTNI
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Pacienti s CHF a deficitem zeleza maji vyssi mortalitu
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KlipIT, et al. Am HeartJ. 2013;165(4):575-582.e3.

Mezinarodni kohorta: 1506
pacientt s CHF

Umrtnost zvySena v pfipadé
deficitu zeleza

CHF, chronic heart failure; ID, iron
deficiency.
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Substituce zeleza p.o. nebo 1.v.?

Deficit Zeleza maze dosahovat az 7 normalni télni zasoby (pres 1000 mg deficitu Fe z 3000 -
4000 mg celkového télniho Zeleza u dospélého)

Response of patients to oral iron . _ _
treatment over 16 weeks Studie Iron-out :

o 76% ID pacientd se srde¢ni selhanim nedoséahlo

o po 16 tydnech p.o. lécby terapeutickeé odpovédi
- Stredni davka zeleza potfebna k dopInéni deficitu u
2w pacientd se srde¢nim selhanim (AFFIRM-AHF) byla
£ 30 1328 mg
10 1 K doplnéni takového deficitu p.o zelezem je treba 2-9
o mésict terapie pri 100 % compliance pacienta
g oo A o s
A RN treatment (n=24)
1. Ambrosy AP et al. ] Cardiovasc.Med /(Hagerstown) 201920/4):223-25 k@) ( FAKULTNI
2. Ponikowski P, et al. The Lancet. 2020. https://doi.org/10.1016/50140-6736(20)32339-4 NEMOCNICE
3. Darshan D et al. Expert Rev Mol Med 2010;12:e36 OSTRAVSKA Fm OSTRAVA
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https://doi.org/10.1016/S0140-6736(20)32339-4

Studie AFFIRM-AHF

15t dose at discharge

FCM FCM  FCM PRIMARY OUTCOME:

. % R p— ) Composite of total HF
. %'_'P'Ci! hospitalisations and
stabtlisation CV death up to 52 weeks
Admission due to Randomisation
acute HF 1:1 SECONDARY OUTCOMES:
Key inclusion criteria: «Total HF hospitalisations
. | |
« Iron deficiency T=" *CV death
* LVEF <50% TCl TC2 V3 va Vo TC3 Ve *Time to first HF
» Haemoglobin 80-150 g/L hospitalisation
W2 w4 W6 W12 W24 W36 W52 or CV death
Total CV hospitalisations
and
CV death
Pre-screening Screening / Randomisation Follow-up/ Follow-up *Days lost due to HF
(in-hospital) Study treatment administration Y
hospitalisations or CV death

CV, cardiovascular; PL, placebo; LVEF, left ventricular ejection fraction; TC, telephone contact; V, visit; W, week.

Ponikowski P, et al. Eur J Heart Fail. 2019;21(12):1651-1658. - i
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Mean cumulative events

Studie AFFIRM-AHF

Srovnan efekt i.v. FCM vs. placebo u 1132 pacienttd s akutnim HF + ID pred propusténim z
nemocnice na potrebu dalSi hospitalizace pro HF a umrti z KV pricin do 1 roku po randomizaci

(=kompozitni primarni cil)

A Primary outcome: total heart failure
hospitalisations and cardiovascular
death

100 - — Ferric carboxymaltose
90 — Placebo
» 804 RR0O79(95% Cl0-62-1.01);
§ 70 p=0-059
5 60 = —t
g 50 /_,,/
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Lancet 2020; 396: 1895-904
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p=0-05
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p=0.013
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AFFIRM-AHF: COVID-19 Sensitivity Analysis

*Patients were censored in each country on the
date when the first patient with COVID-19 was
reported in the respective country.

Total HF Hospitalisations and CV Death

Total HF Hospitalisations

CV Death

First HF Hospitalisation or CV Death

Total CV Hospitalisations and CV Death

HR, hazard ratio; RR, rate ratio.

mITT Population

RR or HR (95% Cl)

RR: 0.79 (0.62-1.01)
P=0.059

RR: 0.74 (0.58-0.94)
P=0.013

HR: 0.96 (0.70-1.32)
P=0.81

HR: 0.80 (0.66-0.98)
P=0.030

RR: 0.80 (0.64-1.00)
P=0.050

Ponikowski P, et al. The Lancet. 2020. https://doi.org/10.1016/S0140-6736(20)32339-4

Pre-COVID sensitivity
analysis *
RR or HR (95% ClI)

RR: 0.75 (0.59-0.96)
P=0.024

RR: 0.70 (0.55-0.90)
P=0.005

HR: 0.94 (0.68-1.29)
P=0.69

HR: 0.79 (0.65-0.97)
P=0.023

RR: 0.77 (0.62-0.97)
P=0.024
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https://doi.org/10.1016/S0140-6736(20)32339-4

RGzné i.v. preparaty zeleza nejsou zaménitelné

Ucinnou latkou pripravku Ferinject NENI Zelezo, ale
karboxymaltoza Zeleza (FCM)

ferinject’

ferric carboxymaltose

Podle organické ¢asti molekuly komplext zeleza se lisi:
Stabilita
Polynuklearni

Kinetika uvolrnovani Zeleza hydroxid Zelezity WIkAtr obei
z karboxymaltozy

Stimulace imunitni odpovédi

Profil nezadoucich uc¢inka
Potencial pro hypersenzitivni reakci
Klinicky efekt

EMA. Reflection paper on non-clinical studies for generic nanoparticle iron medicinal producto applications. 2011. Available @ FAKULTNI
at: https://www.ema.europa.eu/en/documents/scientific-quideline/reflection-paper-non-clinical-studies-generic-nanoparticle-iron- v NEMOCNICE
medicinal-product-applications_en.pdf (accessed June 2020) STRAVS OSTRAVA

ZITA
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https://www.ema.europa.eu/en/documents/scientific-guideline/reflection-paper-non-clinical-studies-generic-nanoparticle-iron

Postup 1.v. substituce zeleza (Ferinject)

Doporuceny algoritmus
(ESC, CKS):

1. Serovy feritin + TSAT

2. Hb (anémie) ® vylouceni
jiné priciny

3. Vypocet potiebné davky

Salgoritmus dle McDonagh 2016

PACIENT s HFrEF, NYHA lI-IV
(chronické srde¢ni selhani s LVEF < 45%)

Krok 1 ?é

Krok 2 :@

Vylougit jinou pricinu anémie

Krok 3

Prftomen deficit 2eleza?

Feritin nebo Feritin 100-299 pg/
< 100 pg/ pli TSAT < 209

PFtomna anémle?

Muzi Zeny
Hb<120 g/l

Hb<130 g/l

dle klinické ho obrazu

| Zadna dalsi pricina

Zvazte aplikacl FCM (ddvka 500-1000 mg 2eleza / tyden)
Kalkulace celkové potieby zeleza dle tabulky:
Hemoglobin Télesnd hmotnost pacienta
a/ litr mmolA Pod35kg 35-70kg Nad70kg
Pod 100 Pod62 500 mg 1500mg 2000 mg
100-140 62-87 500 mg 1000mg 1500 mg
140-150 87-93 500 mg 500 mg 500 mg
PfiHb >150 g/l nepodévejte i.v. 2elezo

AAAAAAAAAAAAAAA
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Postup I.v. substituce zeleza (Ferinject)

- = v
Zvaite aplikacl FCM (ddvka 500-1000 mg Zeleza

/tyden)

Kalkulace celkové potieby Zeleza dle tabulky:
Hemoglobin Télesna hmotnost pacienta

a/ litr mmol/1 Pod35kg 35-70kg
Pod100 Pod62 500mg 1500 mag
100140 62-87 500mg 1000 mg
140-150 B87-93 500 mg 500 mg

Pfi Hb >150 g/l nepodévejte i.v. Zelezo

2

Kontrola feritinu a saturace transferinu
pfi dal3l navitéve (idedlné po 3 mésicich)

¥

Kontrola feritinu a saturace transferinu

Nad 70kg
2000 mg
1500 mg
500 mg

1 - 2xro&né nebo pfli zména klinického obrazu nebo pfi

poklesu hemoglobinu

Salgoritmus dle McDonagh 2016
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Kazuistika

Muz, ro¢nik 1950, vaha 103 kg

Ischemicka KMP, stp. PCI RIA+DES, chron. kolateralizovany
uzavér ACD ke konzervativnimu postupu 12/2020

EF LK 30 %, stp. implantaci 2D ICD
Arterialni hypertenze, diabetes mellitus
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Kazuistika

Stabilni, bez AP, NYHA Il. TK 139/69, TF 57/min
Farmakoterapie:
sacubitril/vaslartan 49/51 mg 1-0-1
bisoprolol 2,5 mg 1-0-0
spironolakton 25 mg 0-1-0
empagliflozin 10 mg 1-0-0
(ASA, Furosemid, atorvastatin, ezetimib)
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Kazuistika

Laboratorni vysledky 6/22:

Kreatinin 90 umol/l, K 4,9 mmol/I
NT-pBNP 265,8 ng/I

Hb 150 g/I, ferritin 28,1 ug/l, TSAT 12 %
Funkéni vysetieni 5/22:

6MWT: 327 m

podano 500 mg karboxymaltozy zeleza i.v.
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Kazuistika — po podani 500 mg karboxymaltozy
Zelezal.v.
Laboratorni vysledky 9/22:

Kreatinin 101 pmol/Il, K 5,0 mmol/I

NT-pBNP 328,0 ng/I

Hb 167 g/l, ferritin 230,1 pg/l, TSAT 20 %

Funkéni vySetreni 9/22

6MWT: 410 m

Pacient popisuje, ze ho infuze s Fe ,,nakopla®“, ma vice
energie, je ,,ZivéjSi*, mené unaveny

&@) ( FAKULTNI
NEMOCNICE
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Zpusob podani Ferinjectu

Pomalou intravenodzni injekci (neredény) nebo
maloobjemovou infuzi (NaCl)

Podani davky 500 mg — min 6 minut, 1000 mg -
nejmeéené 15 minut

Zvysena uhrada Ferinjectu ve vysi 2800,56 K¢/500mg
Indikacné vazana na srdecni selhani NYHA Il =11l s LV
EF <45 %, lec¢ene soucasné ACE inhibitory

AAAAAAAAAAA



Ferinject - SPC

U paC|entC| Je t\rl‘e ba peél |Vé Sledovat Tabulka 4: Nezadouci ucinky lécivého pripravku pozorované béhem Klinickych studii

a postmarketingového sledovani

pFiznaky a prOJ evy hypersensrtlvrty [ Tridy | Casté (>1/100 | Méné Easté (21/1000 | Vzicné | Frekvence

v v 17 SR organovych az <1/10) az <1/100) (=1/10000 az wneni znamo*“"
béhem kazdého podanl prlpravku | systémii . . | <1/1000)
- 7 v v Poruchy Hypersenzitivita Anafylaktoidni
FGI’IHJECt a naS|Edne pO Nem. imunitniho anafylakticka
| systému [ | reakce

Pripravek Ferinject maze byt podan P Hypofosfatém

il metabolismu a ie
pouze personalem kvalifikovanym v | S R
Poruchy Bolest hlavy, | Parestezie, dysgeuzie Ztrata védomi

pro vyhodnoceni a zvladnuti nervového | zivraté

systému

anafylaktickych reakci a v zafizeni,  raaiatriae | [ Tzkos®
poruchy

ve kterém je zajiéténo kompletnl' " Srdeéni poruchy | | Tachykardie ' ' Kounisiy
vybaveni k resuscitaci. Pacienty je  ceiporuchy | Zudwi. | Hyporenze T —
nutné sledovat z hlediska moznosti | pereze | | resymkopa®
vzniku nezadoucich Gcink

minimalné po dobu 30 minut po

kazdém podani pripravku Ferinject
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AFFIRM-AHF: Adverse Events of Interest

Adverse events (AE)

Cardiac disorders
Infections

Diarrhea
Constipation
Hypophosphataemia
Bone pain

Pruritis

Rash

Urticaria

Neoplasm

Drug hypersensitivity
Hypersensitivity

Ponikowski P, et al. The Lancet. 2020. https://doi.org/10.1016/50140-6736(20)32339-4

Patients Patients
Total Events (n) Total Events (n)

224 (40 1)
102 (18.2)
17 (3.0)
10 (1.8)
1(0.2)
0(0)
3(0.5)

2 (0.4)
1(0.2)
9(1.6)

2 (0.4)
0(0)

244 (44 3)
143 121 (22.0)
19 14 (2.5)
10 10 (1.8)
1 1(0.2)
0 1(0.2)
3 3(0.5)
2 2 (0.4)
1 1(0.2)
3 7(1.3)
2 0(0)
0 1(0.2)
N
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https://doi.org/10.1016/S0140-6736(20)32339-4

Kazuistika — srovnani klinickych a laboratornich
parametra

Laboratorni vysledky 6/22
Kreatinin 90 umol/Il, K 4,9 mmol/I
NT-pBNP 265,8 ng/I

Hb 150 g/I, ferritin 28,1 pg/I, TSAT 12
%

Funkéni vySetreni 5/22
6MWT: 327 m

Laboratorni vysledky 9/22
Kreatinin 101 pumol/l, K5,0 mmol/I
NT-pBNP 328,0 ng/I

Hb 167 g/l, ferritin 230,1 ug/l, TSAT
20 %

Funkéni vySetreni 9/22
6MWT: 410 m

Pacient popisuje, ze ho infuze s Fe
»,nakopla®, ma vice energie, je
»ZIVEJSi, méné unaveny
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ZlepSeni kvality zivota po podani i.v. karboxymaltozy
Zeleza ve studii AFFIRM-AHF

In this analysis, the impact of KCCQ-12 overall summary score (0SS)

IV FCM vs placebo on HRQol

30+
in the AFFIRM-AHF population
was evaluated \2.91 1 s i r
25+ %
g ? ! :
r F n=535 b — L =0.
m =1058 13 = p=0.028 p=0.14 P
:
* Age218 [*]
* Stabilised after hospitalisation for acute HF g 15+ A28 p=0.005
* ID (serum ferritin <100 ng/mL, or 100-299 g =
ng/mL with transferrin saturation <20%) - p=0.28
* Left ventricular ejection fraction (LVEF) <50%' 3 104
Vi
A
2
12-item Kansas City Cardiomyopathy
@ Questionnaire (KCCQ-12) 5 —— FCM
—&— Placebo
Baseline, and Weeks 2, 4, 6, 12, 24, 0 e — . s L .
36 and 52 0 2 4 6 12 24 36 52
Weeks

Conclusion: In ID patients with HF and LVEF £50%, who had stabilised after an episode of acute HF, treatment with IV FCM vs placebo

resulted in clinically meaningful beneficial effects on HRQol as early as 4 weeks after treatment initiation, lasting up to week 24

X FARULIN
- i i N N NEMOCNICE
European Heart Journal (2021) 00, 1-11. doi:10.1093/eurheartj/ehab234. OSTRAVSKA OSTRAVA
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ZlepsSeni kvality zivota ve studii FAIR-HF (chronickeé
srdec¢ni selhani)

A Self-Reported Patient Global Assessment at Wk 24

. B Ferric carboxymaltose [l Placebo
40—
34 35
& 304
- 28
0 26
o
® 20 18
s 16 =
104 10

No. of Patients

Ferric carboxymaltose 47 100 77
Placebo 15 26

& ENN)FAKULNI
OSTRAVSKA NEMOCNICE
UNIVERZITA OSTRAVA
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ZlepsSeni kvality zivota ve studii FAIR-HF (chronickeé

srdec¢ni selhani)

NYHA Functional Class at Wk 24

Patients (%)

80—

70—
65

60

50 20 M Ferric carboxymaltose

41 [l Placebo
40

30 29

204

g
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ZlepSeni kvality zivota ve studii FAIR-HF

6-Minute-Walk Test

Change in Distance (m)

50

= [ w S
o o o o o
A 1 | 1 1

L
(=)

P<0.001 P<0.001 P<0.001

FCM %

Placebo

o
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Zavéry
* |.V. terapie karboxymaltozou zeleza je dulezitou
soucasti komplexninho managementu srdec¢niho selhani
- vyznamné o 26% snizuje pocet hospitalizaci béhem
nasledujicino roku po akutni dekompenzaci
- Jiz po 4 tydnech vyznamné zlepsuje kvalitu zivota
pacientd po akutni dekompenzaci i s chronickym
srde¢nim selhanim
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Zavéry

* Pritomnost anémie a deficitu zeleza (hladina feritinu a
saturace transferinu) by méla byt u pacientd se
srdec¢nim selhanim rutinné kontrolovana

» Pfi prakazu deficitu zeleza bychom pacientdm méli

zajistit 1.V. aplikaci
ambulantnich kard

Karboxymaltdzy zeleza — spoluprace
lologu s kardiocentry, internimi a

kardiologickymi oc

délenimi?
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