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SUMMARY AND RECOMMENDATIONS

Route of administration (oral versus intravenous) — The best route of iron administration in patients with HF is not known. Both

INTRODUCTION oral and intravenous routes are effective in non-HF patients with normal gastrointestinal absorption.

For patients with HF, some experts prefer intravenous iron replacement given limited available evidence on the efficacy of oral iron
supplementation and concerns about possible reduced oral iron absorption in HF. There are no randomized trials comparing these routes
of administration in indiyiduals with HF, and small trials in other populations have shown mixed results. (See "Treatment of iron deficiency
anemia in adults". ant products'.)

EVALUATION

Clinical presentation

* General considerations

* Development of high-output heart failurg

Evaluation of cause of anemia EF?%@EF ((—_ (I\ ﬁﬂ’f@ﬁ?&ﬁﬁﬁﬁ@ﬁﬁﬁ ((—_ Eﬂ?% I t“j_"‘ DZb‘BE‘STl_C b‘% : &'\’9\
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* Dilutional anemia
® Oral - A randomized trial comparing oral iron versus placebo involved 225 individuals with HF with reduced ejection fraction (HFrEF;

EF <40 percent) and iron deficiency (ferritin <100 ng/mL or ferritin 100 to 299 ng/mL plus TSAT <20 percent) [33]. The mean baseline
hemoglobin with 12.6 g/dl. At 16 weeks of observation, there was a slightly greater increase in ferritin level in patients receiving oral
iron (18 versus 1 ng/mL). The change in hemoglobin levels was not reported. There was a trend towards an increase in the six-minute
walk test that did not reach statistical significance (-13 meters; 95% CI, -32 to 6 meters). Limitations included the relatively high

baseline hemoglobin level, the small sample size, the short duration of follow up, and the high dropout rate (22 individuals [10
TREATMENT percent]).

* Iron deficiency
* Use of angiotensin converting enzyme
inhibitors

* Reduced kidney function and other
contributing factors

Transfusion
Evidence for the efficacy of oral iron in other populations and information about the available oral iron formulations are presented

= separately. (See "Treatment of iron deficiency anemia in adults", section on 'Oral iron'.)

¢ Indications for iron and evidence of efficacy

N ® Intravenous - Several randomized trials have compared intravenous iron with placebo in individuals with HF and iron deficiency, as
* Route of administration (oral versus i L : : i
intravenous) summarized above. (See 'Indications for iron and evidence of efficacy’ above.)
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Indications for iron and evidence of efficacy — Iron should be administered to individuals with HF who have iron deficiency anemia
or iron deficiency without anemia, similar to the general population. As discussed in more detail separately, the cause of iron deficiency
INTRODUCTION should also be evaluated, especially in an older individual, for whom gastrointestinal bleeding or a gastrointestinal condition that

SUMMARY AND RECOMMENDATIONS

interferes with iron absorption (eg, gastrointestinal malignancy or Helicobacter pylori infection, respectively) may be present. (See

BTN "Treatment of iron deficiency anemia in adults".)

Clinical presentation
Evidence to support the administration of iron in individuals with HF and iron deficiency or iron deficiency anemia comes from
randomized trials in this population as well as studies in similar populations.

* General considerations

* Development of high-output heart failure

Evaluation of cause of anemia An international randomized trial (Affirm-AHF) found a benefit of intravenous iron in reducing HF hospitalizations in individuals with iron
Potentialicausesiaf anemiarélated toheart deﬂaeng [ﬂ] The trial randomly assigned 1132 individuals who were hospitalized with acute HF and concomitant iron deficiency (ferritin
failure ansferrin saturation [TSAT] <20 percent) to receive intravenous ferric carboxymaltose (FCM) or placebo Hospltallzatlons

¢ Increased circulating cy]

emienammere EI‘?WB&(’F&&J% (Affirm-AHF) TIl&, #kX if' ODAODHFOJle’E:ﬁEb?T N)(c_\

* Dilutional anemia
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* Use of angiotensin converting enzyme
inhibitors

Prior to Affirm-AHF, a 2019 meta-analysis of 10 randomized trials comparing iron supplementation versus placebo in 1404 individuals with

HF who had iron deficiency or iron deficiency anemia found similar overall mortality, but iron therapy improved several cardiovascular
* Reduced kidney function and other outcomes [32]:
contributing factors

® Reduced hospitalizations for worsening HF (5.3 versus 14.5 percent; odds ratio 3.9, 95% CI 0.19-0.80)

TREATMENT ® Improved New York Heart Association (NYHA) class (weighted mean difference [WMD] -0.68, 95% CI -1.13 to -0.24)
Transfusion ® Improved six-minute walk test (WMD 32.7, 95% CI 4.47-60.83)
Iron ® Improved left ventricular ejection fraction (LVEF; WMD 3.81, 95% CI 1.11-6.51)
« Indications for iron and evidence of efficacy ® Improved serum markers of HF and inflammation (N-terminal pro-B-type natriuretic peptide and C-reactive protein, respectively)

* Roate-afacminisaalor{oial yersus Eight of the 10 trials used an intravenous iron formulation; the two trials that evaluated oral iron failed to show a statistically significant
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Baseline Characteristics®

Ferric Placebo
carboxymaltose (n=550)
(n=558)
Age, years 71-2(10-8) 709 (11-1)
Sex
“ Male 314 (56%) 300 (55%)
Female 244 (44%) 250 (45%)
Race
BEZN | - S5 523(95%)
o Asian 26 (5%) 22 (4%)
m Other 4 (1%) 5 (1%)
Comorbidities
Previous myocardial infarction 229 (41%) 213 (39%)
Previous stroke 53 (9%) 66 (12%)
Previous coronary 195 (35%) 206 (37%)
revascularisation
IL\}%:%IHE}J Hypertension 468 (84%) 471 (86%)
Atrial fibrillation or flutter 314 (56%) 305 (55%)
Diabetes 227 (41%) 243 (44%)
Dyslipidaemia 300 (54%) 292 (53%)
m Chronic kidney disease 222 (40%) 227 (41%)
Smoking 217 (39%) 202 (37%)

Ferric Placebo
carboxymaltose (n=550)
(n=558)
Systolic blood pressure, mm Hg 119-8 (15-2) 119-7 (15-6)
Diastolic blood pressure, mm Hg 72-6 (10-3) 719 (9-9)
Heart rate, beats per min 74-5 (13-2) 74-2 (12-8)
Body-mass index, kg/m? 28-1(5-6) 28-0(5-7)
NYHA functional class*
Class | 14 (3%) 8 (1%)
Class Il 255 (46%) 240 (44%)
Class I 272 (49%) 277 (50%)
Class IV 16 (3%) 22 (4%)
LVEFt, % 32:6% (9-6) 32:7% (10-0)
LVEF categoryt
HFFEF : #170% Wit l04010%) _122(22%
25-39% 288 (52%) 243 (44%)
40-49% 166 (30%) 184 (33%)
Ischaemic cause of heart failure 265 (47%) 257 (47%)
Previous history of heart failure 405 (73%) 385 (70%)
Device therapy
Implantable cardioverter- 67 (12%) 64 (12%)
defibrillator
Cardiac resynchronisation 33 (6%) 30 (5%)
therapy




Baseline Characteristics®2

Ferric Placebo Ferric Placebo
carboxymaltose (n=550) carboxymaltose (n=550)
(n=558) (n=558)
(Continued from previous column) Laboratory test results
l\@f 1 Zh\ﬁ D Heart failure history NT-proBNP, pg/mL 4743 4684
o e . . (2781-8128) (2785-8695)
HF(Z (J: ) l B]T] Newly diagnosed at index 153 (27%) 165 (30%)
hospitalisation BNP, pg/mL 1068 1204
Hospitalisation for heart failure 152 (27%) 153 (28%) (802-1715) (803-1955)
in previous 12 months Haemoglobin, g/dL 12:3(1-6) 12.1(1-6)
o Hospitalisation for heart failure 253 (45%) 232 (42%) Anaemia 292 (52%) 312 (57%)
ACEPEEZ > i
12 months before index o
Ferritin, L 83:9 (622 885 (68-6
'fﬁﬁﬁ hospitalisation m/m Z 9(62:2) 85 (6 )
Phameothierapy Ferritin <.100 ng/m.L 408 (73%) 380 (69%)
— Anc_;iotensin SORVEHIN 203 (53%) 283 (51%) Transferrin saturation, % 15-2% ‘8'3) 14-2% (7-5)
enzyme inhibitor Transferrin saturation <20% 457 (82%) 469 (85%)
e T Angiotensin receptor blocker 97 (17%) 100 (18%) eGFR <60 mL/min per 1.73 m? 292 (52%) 288 (52%)
B (s . . - o 0
Angiotensin receptor neprilysin 35 (6%) 36 (7%) Phosphorus, mg/dL 3-65 (0-727) 3-83(0:975)
inhibitor
Mineralocorticoid receptor 376 (67%) 352 (64%)
antagonist
B blocker 453 (81%) 461 (84%)
— K< Digitalis glycosides 3 (15%) 101 (18%)
JL 1] R e s glycosid 8 5

Loop diuretic 483 (87%) 465 (85%)

fEH
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Trial profile ({2IEinrention-to-treat)

1525 patients screened

FIRFS IV b —REBEZERN Iy — TSR RIE SN TUORL,
BRI S TULVRL,

15 withdrew consent '
29 other reason
1EIBDis5E. >
EE Fll:ﬁ b\‘rd:b\ 5 7:_: . 1132 randomised

v & y
o ferric carboxymaltose 565 allocated to placebo j 7|- I:I o 7 \\J jt\‘ g T c': 73\ ) 7:-__. o

1EIH DS,
i1 CiVANAVANSY [l

o
JAO—77v I TERM DTz N\ | =
:— . 9 excluded 15 excluded ' ﬁ%?%ﬂ (; CJ: D
S 8 ferric carboxymaltose not started — P 14 placebo not started N
— | t-baseline visit 1 t-baseline visit = Y AN Y
|E_| %%}ﬁ&@ L/ 7:_: . no post-baseline visi ALY no post-baseline visi p o
( ‘

\
= . 33 terminated study prematurely 18 terminated study premy=drely -
'fﬂ:_l-@IEEE t E¥;@o 1 lost to follow-up 1 lost to follow-up E%%}ﬁ&@ Lj 7:': o
24 withdrew consent — P 1 withdrew due to adverse event ]

L 8 withdrew for other reasons 12 withdrew consent

4 withdrew for other reasons —. N
: |\ : DI TEHR.
v ; v ;

558 patients included in the modified
ITT analysis set

550 patients included in the modified
ITT analysis set

! .
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Primary Outcome

52:E/#EFETD

Mean cumulative events

per 100 person-years

A

Primary outcome: total heart failure
hospitalisations and cardiovascular
death

1004 — Ferric carboxymaltose
90— — Placebo
80- RR0-79(95% Cl 0-62-1-01);
70 P=0-059
60 —
50 -
40—
30
20—
10
n
4 12 24 36 52

Time since randomisation (weeks)

DAZARSDIMEFRTDES 7D MO A

ZIEITTEAT : BEEMHU
RR 0.79 95%CI 0.62~1.01, P=0.059

COVID-19REn#h : REERD

RR 0.75 95%CI 0.59~0.96, P=0.024

NNT 5.92 RR:U X7t

COVID-19f#tf TH'
JTILVRFSRIL b—=REEERT SRICLERT
BRICYRDED




B 210 A R(ICLKDARTE(SDLMEFET
C 210482 AR

D ,LNEFET

E PO ARFIE (S OIMESET

Secondary Outcome

B Total cardiovascular hospitalisations C Total heart failure hospitalisations D cardiovascular death E First heart failure hospitalisation
and cardiovascular death or cardiovascular death
£ 1.0 HR0-96 (95% Cl 0-70-1-32); 1.0 HR0-80(95% Cl 0-66-0-98);
g 0-9- p=0-809 0-9- p=0-030
100 RR0-80 (95% Cl 0-64-1-00); 1007 RR0-74(95% Cl 0-58-0-94); _E 0.8 0.8 -
90- p=0-05 20 - p=0-013 E 07- 0.7+
80 o = 06 0-6
70 g
= 'ﬁ 0-5— 0-5 -
70 60 — =
60 e 04
50 5 0-3- 0-3-
50 40 € 024 02-
40 30 2 014 01
30 20 e 0 T I I T 1 0 T T T T 1
20 - 10 4 12 24 36 52 4 12 24 36 52
0 T T T T 1 " Time since randomisation (weeks) Time since randomisation (weeks)
10 4 12 24 36 52 Number at risk
0 | i | | | Ferric carboxymaltose 544 509 483 468 289 519 457 416 381 227

Time since randomisation (weeks) Blacehics 537 511 486 465 285 514 446 389 358 209

PILIRFZ IV b —REFEFT STERICEART
B 2I0ALE(IC KD ARFTE(EOMEN T, D OLMESFRT 555400
C 2R 2ICLD AR, E.DLMERT BRICURDZHD
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Adverse event reporting FCM (n=559) Placebo (n=551)
n (%) events n n (%) events n
'Reported adverse events 357 (63.9) 1246 360 (65.3) 1314
'Reported serious adverse events 250 (44.7) 547 282 (51.2) 632
'Adverse events leading to withdrawal of study treatment 61 (10.9) 71 79 (14.3) 88
'Adverse event leading to study discontinuation 98 (17.5) 117 96 (17.4) 123
rAdverse event leading to hospitalization 226 (40.4) 483 257 (46.6) 561
Adverse events of interest by MedDRA System Organ Class
— |Cardiac Disorders 224 (40.1) 391 244 (44.3) 453
— |Infections and Infestations 102 (18.2) 143 121 (22.0) 165
— |Gastrointestinal 64 (11.4) 99 59 (10.7) 94
Diarrhoea 17 (3.0) 19 14 (2.5) 16
Constipation 10 (1.8) 10 10 (1.8) 12
— |Metabolism and nutrition disorder 45 (8.1) 74 85 (10.5) 102
| Hypophosphataemia 1(0.2) 1 1(0.2) 1
— |Muskuloskeletal and connective tissue disorders 24 (4.3) 29 28 (5.1) 33
|Bone pain 0(0) 0 1(0.2) 1
— |Skin and subcutaneous tissue disorders 15{23) 14 12{2:2) 14
Pruritus 3(0.5) 3 3(0.5) 3
Rash 2(0.4) 2 2(0.4) 2
Urticaria 1(0.2) 1 1(0.2) 1
— [Neoplasms bening, malignant, and unspecified 9 (1.6) 13 13 9
— |Immune system disroders 3(0.5) 3 1(0.2) 1
Drug hypersensitivity 2(0.4) 2 0(0) 0
Hypersensitivity 0 0 1(0.2) 1
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Randomized Controlled Trial > Int J Hematol. 2019 Jan;109(1):41-49.
doi: 10.1007/s12185-018-2501-8. Epub 2018 Jul 23.

Comparison of efficacy and safety between
intravenous ferric carboxymaltose and saccharated
ferric oxide in Japanese patients with iron-deficiency
anemia due to hypermenorrhea: a multi-center,
randomized, open-label noninferiority study

Katsuya Ikuta 1 Hideki Hanashi 2, Kozo Hirai 3, Yoshiaki Ota 4, Yutaka Matsuyama 5,
Asami Shimura ¢, Masaru Terauchi ¢, Mikio Momoeda 7

Affiliations + expand
PMID: 30039442 DOI: 10.1007/512185-018-2501-8
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ESC GUIDELINES
@ E S C European Heart Journal (2021) 00, 1-128
European Society doi:10.1093/eurheartjehab368 . o .
of Farciolooy 13.5 Iron deficiency and anaemia
" " . o Iron deficiency and anaemia are common in patients with HF, being independently
202 1 Esc G u 'de lln es fOI" the d IagnOSI s a'nd associated with reduced exercise capacity, recurrent HF hospitalizations, and high
treatment of acute and chronic heart failure CV and all-cause mortality.®""" According to the World Health Organization

criteria, anaemia is defined as a haemoglobin concentration <12 g/dL in women and
<13 g/dL in men. In patients with HF, iron deficiency is defined as either a serum
To reduce HF hospitalization/mortality - for selected patients ferritin concentration <100 ng/mL or 100—299 ng/mL with transferrin saturation
(TSAT) <20%."°*"° Ferritin tissue expression and concentration in the peripheral
blood is increased by inflammation and several disorders such as infection, cancer,

| liver disease, and HF itself. Hence, higher cut-off values have been applied for the
%71 Another marker reflecting

Volume overload

— definition of iron deficiency in patients with HF.

SR with LBBB > 150 ms SR with LBBB 130149 ms or non LBBB=> 150 ms depleted intracellular iron can be high serum soluble transferrin receptors, which
§ CRT-P/D ) derives from proteolysis of the membrane transferrin receptor. Its synthesis is
- increased in case of iron deficiency and is not affected by inflammation. High serum
Ischaemic aetiology Non-ischaemic aetiology soluble transferrin receptors identify patients at high risk of death beyond standard
ICD § prognostic variables.""""? However, its applicability for iron supplementation
! therapy has not been demonstrated yet.
Atrial fibrillation Atrial fibrillation Coronary artery disease

Iron deficiency, which can be present independently of anaemia, is present in up to
713-716

I | Qo) Qe | QUINCASGII) |

55% of chronic HF patients and in up to 80% of those with AHF. It may be
Aortic stenosis Mitral regurgitation ~ Heart rate SR>70 bpm Black Race ACE-IARNI intolerance caused by increased loss, reduced intake or absorption (i.e. malnutrition, gut
TEE MV Repair ) J N ) Hydralazine/ISDN) congestion) and/or impaired iron metabolism caused by the chronic inflammatory
| X d J i L activation of HE althoneh the evact cance of iron deficiencv in HE remaine nnknowm |
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RCTs have shown that iron supplementation with i.v. ferric carboxymaltose is safe
and improves symptoms, exercise capacity, and QOL of patients with HFrEF and iron
deficiency.””” "> Meta-analyses of RCTs showed also a reduction in the risk of the
combined endpoints of all-cause death or CV hospitalization, CV death or HF
hospitalization, CV death or recurrent CV or HF hospitalizations.””*"* The favourable
effects of iron supplementation were independent from anaemia coexistence.””* In
AFFIRM-AHF, patients hospitalized for HF with LVEF <50% and concomitant ir;

deficiencz were randomized to i.v. ferric carbowaltose or Elaceboi reEeated at 6-

and then 12-week intervals if indicated according to repeatiron studies.

Administration of ferric carboxymaltose did not signiﬁcantly reduce the primary
composite outcome of total HF hospitalizations and CV death at 52 weeks (rate ratio
0.79, 95% CI1 0.62—1.01, P = 0.059). However, it reduced the composite endpoint of

first HF hosEitalization or CV death sHR 0.80, 95% CI 0.66—0.98, P = 0.030) and
total HF host_)italizations (rate ratio 0.74,95% C10.58-0.94, P = 0.013 2.512

Therefore, iron supplementation with i.v. ferric carboxymaltose should be

considered for the improvement of symptoms, exercise capacity, and QOL in patients
with HF and LVEF <45%. It should also be considered for the reduction of HF
rehospitalizations in patients with LVEF <50% recently hospitalized for worsening
HF. Ongoing trials are expected to provide more evidence on the effects of ferric
carboxymaltose in patients with HFpEF. In addition, large outcomes trials with other
iron formulations are ongoing in HFrEF, HFpEF, and AHF.”*’ Oral iron therapy is not
effective in iron repletion and did not improve exercise capacity in patients with
HFrEF and iron deficiency.’”® It is therefore not recommended for the treatment of

iron deficiency in the patients with HF.

Recommendations for the management of anaemia and
iron deficiency in patients with heart failure

Recommendations Class® Level®

It is recommended that all patients with HF be
periodically screened 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 <45% 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 capacity and QOL. 7272724

Intravenous iron SEElementaﬁon with ferric

ca ltose should be considered in

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— 'mL wi <20%, to reduce
the risk of HF hospitalization.
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