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PE3IOME

CBBpPEMEHHOTO JIeYEHHE Ha ChpJIeYHaTa HEJOCTaThUYHOCT
Y MAIMEHTHTE C TAJAaceMMsl 3aro4Ba ¢ MpoduilakTuKa-
Ta Ha ChPJCYHUTE YBPEXKJaHU IIPU Te3n nauueHTu. Kap-
JMOMHOTIATHATA B PE3yJITaT OT HATPYIIBaHE Ha KN30 €
Hal-TEKKOTO W >KMBOTO3AaCTpAllaBall0 YCIOXKHEHHE Ha
TpaHc(y3uoHHO 3aBrcuMaTta Tatacemus (TM), Ho mopaan
Bpb3KaTa My C OTJIaraHETO Ha Kelsi30 e oOparuma. Jleue-
HHUETO Ce TPOBEXkJa C XeJATOPH, KaKTO U C KOHBEHIHO-
HaJIHM JIEKapCTBa 3a ChpJleYHa HEJO0CTaThYHOCT. TEXKO
JICKOMIICHCHpaH! (OpMHU ce JIEKYBaT B CICHUAIM3UPAHN
LIEHTPOBE.

Kniouosu oymu: manacemusi maiop, cvpoeuna Hedocma-
MbUHOCT

CBBpPEMEHHOTO JICYCHHE Ha ChPJICUHATA HEJOCTAThU-
HOCT MpHU MAIMEHTUTE C TallaCEMUs 3allo4yBa C IPO-
(mtakTHKaTa Ha CHPACYHUTE YBPEKIAHUS TIPU TE3U
narpenTy. Llenta e cToiiHoCTTa Ha peTpaHchy3HOoH-
HUs XeMorI00uH Jia ce Abpaku Haj 100 /i1, 1a ce Kom-
OMHUpa C TIOAXO/IAINA XeJIATOPHA TepaIsi, KOATO Jia
ce ompenens oT croiiHoctute Ha T2* SIMP, a nenra
e T2*>20 mcexk (1,2). Briomasanero Ha MuOKapaHaTa
(byHKIIMS MOXKE J1a U3UCKBA CIEU(PUYHO JICUCHHE 32
ChpJICYHA HEIOCTATHYHOCT, HO MOKE J1a € U HEOOXO-
JUMOCT 32 YBEJIMUABaHE U MO-CTPUKTHO NPUABPIKaHE
KbM XEJIaTOpHATa Teparusl.

JleyeHueTo Ha OCTpUTE U XPOHUYHH CIydau Ha Chp-
JICYHA HEJOCTAaThYHOCT MPH MALMEHTH C TalTaceMus
MOKa3BaT HAKOW pa3iMuus B CPaBHEHHUE C OCTaHa-
nute namuentd. OT eHa CTpaHa TOBA ca MO-MJIAAU
MAIUEHTH, OT Jpyra Ipu TIX CE€ Pa3BUBAa TOKCHUYHA
kapauomuonatus (KMIT) B pesynrar ot HaTpynBaHe
Ha JKEJISI30 U 3aTOBA OT IIbPBOCTEIICHHO 3HAYCHHE 32
BB3CTAHOBSIBAHE HAa KaMepHaTa (PYHKIUS € OYHCTBA-
HETO HAa MHOKap/a OT >KEJS30TO, a HE TOJKOBAa MHO-
TpomHaTa ctumyiamus. M Tpeto, npu Te3u narueHTu
ca HaJIMIIe penIia ChITBTCTBAIIH 3a00JIIBAHMSI, KOUTO

18

HEART FAILURE TREATMENT
IN PATIENTS
WITH THALASSEMIA MAJOR

Mariya Dimova’', Valeria KalevaZ?,
Yavor Kashlov!

IClinic of Internal Medicine,
St. Marina University Hospital, Varna,
Medical University of Varna
Clinic of Pediatric Hematology and Oncology,
St. Marina University Hospital, Varna,
Medical University of Varna

ABSTRACT

The modern treatment of heart failure (HF) in patients with
thalassemia is based on the prevention of cardiac impair-
ment. Iron overload cardiomyopathy is the most serious
and life-threatening complication of transfusion-dependent
thalassemia, but due to its association with iron deposition
it is reversible. Treatment includes chelation therapy and
conventional medication for HF. Severely decompensated
cases are treated in specialized centers.
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The modern treatment of heart failure (HF) in patients
with thalassemia is based on the prevention of cardiac
impairment. The aim is to keep pre-transfusion values
of hemoglobin above 100 g/L, combined with appro-
priate chelation therapy targeting T2*> 20 ms (1,2).
Deterioration of myocardial function may require spe-
cific treatment for HF, but may also indicate a need for
intensified chelation therapy.

Treatment of acute and chronic HF in patients with
thalassemia is different to other patients. On one hand,
these are younger patients, on the other, they develop
toxic cardiomyopathies as a result of iron overload,
and therefore myocardial iron clearance is of prima-
ry importance for restoration of ventricular function
rather than inotropic stimulation. And thirdly, these
patients have a number of concomitant diseases that
also require specific therapy (3).

Cardiac dysfunction usually occurs several years after
myocardial iron deposition (4). Unfortunately, myo-
cardial iron removal might take several years - 3 or
more (5), and the beneficial effects of preventive che-
lation compared to therapeutic one has been repeat-
edly tested and confirmed (6).

Patients with T2*<6 ms have the greatest risk of de-
veloping symptomatic HF and should undergo inten-
sive chelation therapy, even with preserved cardiac
function (7).
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CBIIO HAJIATAT CIICIU(HUYHA 32 ChCTOSIHUETO TeParus
3).

Hapymienusta B cbpreuHara (yHKIHsS HACTBIIBAT
O6I/IKHOBCHO HAKOJIKO TOAWHU CJIE€d MHOKAapAHOTO
JKeJISI3HO JieroHupane (4). 3a cwkaieHue odade u us-
YHCTBAHETO Ha MUOKAp/Ia OT KEeJIsI30 OTHEMA HIKOJIKO
roguHu — 3 u moBeue (5), ¥ 3aToBa Moji3ara OT Ipe-
BaHTHBHOTO IMPUIOKEHUE Ha XEJIaTOPHOTO JICUCHHE
IIpeJ] TePArIeBTUYHOTO € MHOTOKPATHO MU3CJIC/[BAHA U
OTBBp/IEHA (6).

[Mamuentn ¢ T2*<6 mMcek UMar Hal-roJIsSIM PUCK OT
Pa3BUTUC HA CUMIITOMATUYHA Chp/ICYHA HEAOCTAThY-
HOCT U TpsiOBa Ja ObJaT MOJUIOKEHH Ha MHTCH3MBHA
XeJlaTOpHa Teparus, J0pY U MPH 3ara3eHa ChpAcyHa
bynkuws (7).

KapnuomuonaTtuara B pesyiraT OT HaTpyIlBaHe Ha
KEJSI30 € HAM-TeXKKOTO U KMBOTO3aCTpallaBalio yc-
JIO)KHEHHE Ha TpaHc(y3MOHHO 3aBHUCHMara Tajace-
MHUS1, HO TIOPaJIy BPh3KaTa My C OTJIaraHETO Ha XKEJISI30
e obpatuma.

KEJE3HHU XEJATOPH —
HNPUHIMUIIN HA XEJIATOPHATA
TEPAIIUA

Leara Ha XenaTopHOTO JieyeHUE € JAa ce OJOoKupa
CIOCOOHOCTTa Ha JKEJIC3HUTE HOHM Jla KaTalau3upar
OKHCIIUTEIIHUTE PEaKkUuH B KJeTKara ¢ oOpa3yBaHe
Ha CBOOOJIHM KHCIOPOJHU PaJuKajd, a C& OCUT'YPH
aJIeKBaTeH TPAHCIIOPT Mpe3 KIEThYHUTE MEMOPaHHU U
eKcKpenys 0e3 Bb3MOXKHOCT 3a BpbILiaHe. ToBa ce 0Chb-
LIECTBSABA Upe3 OJIOKMpaHe Ha aKTHUBHUTE EJIEKTPOXHU-
MHUYHHU KOOPIMHAIIMOHHH PerHoHH, kKouTo ca 6 (3). B
3aBUCHMOCT OT OpOsi KOOPAUHALMOHHHU MECTA, JKEeNe3-
HUTE JIMTaHAM OMBAT XEKCAIEHTAT, TPUICHTAT U Ou-
JIeHTar. ,,JleHTaTHoCTTa" € PYHKIHS Ha MOJIEKYITHOTO
TETJIO ¥ XEKCAaJCHTATUTE UMAT [0-BHCOKO MOJIEKYJIHO
TETJIO OT TPU- U OMIEHTAaTHUTE MOJIeKyJu. [pyra Ba-
KHA XapaKTepHCTHKa Ha XeIaTOPUTE € TAXHATa JIU-
NMO(UITHOCT, 3aL0TO OT TOBA 3aBUCH AUQY3UITA TIpe3
OMoNOrnYHUTE MEeMOpaHH, TacTPOMHTECTHHAJIHATA
pe3opOius, mpoHukBaHeTo B kietkute (8). OT 3Ha-
YeHHUE 3a TAXHATa e(DEKTHMBHOCT Ca CEJIEKTMBHOCTTA
u adpuHUTETHT KbM Fe3+ OKCHAAlMOHHO ChCTOSHME,
3aII0TO HAMAJISIBaT XEJIATHPAHETO Ha APYTH BaKHU
JBYBaJICHTHH KaTHoHW. KBbM TAX cnajgar men, LMHK,
a eQeKTbT BbPXY TPUBAICHTHHUTE, KaTO ayMHHHUH
U Tajui, € IpeHeOpeXnMO MalbK. AQUHUTETHT Ha
XEJIaTOPUTE KbM JKEJIS30TO U CTAOMIIHOCTTa Ha KOM-
IUIEKCa JIMT'aHA-MeTall ce U3pa3siBa KaTo CTOMHOCT Ha
pFe3+. ToBa e oTpuLaTeneH JOrapuTbM OT KOHLECH-
TparusTa Ha cBoOoHuTe Fe3+, n3mepeHa B pa3TBop
ot 10 mxmou/n surang u 1 mxmoi/n Fe3+ mpu pH 7.4.

Iron overload cardiomyopathy is the most serious and
life-threatening complication of transfusion-depen-
dent thalassemia, but due to its association with iron
deposition it is reversible.

IRON CHELATORS:
PRINCIPLES OF CHELATION THERAPY

The purpose of chelation therapy is to block the abil-
ity of iron ions to catalyze oxidative reactions in the
cell by forming reactive oxygen spicies, to ensure ade-
quate transport through cell membranes and excretion,
without the possibility of return. This is accomplished
by blocking the active electrochemical coordination
regions, which are 6 (3). Depending on the number
of coordination sites, iron ligands could be hexaden-
tate, tridentate and bidentate. "Denticity" is a function
of molecular weight and hexadentates have a higher
molecular weight than tri- and bidentate molecules.
Another important characteristic of chelators is their
lipophilicity since diffusion through biological mem-
branes, gastrointestinal resorption and cell penetration
depend on it (8). Relevant to their effectiveness are
selectivity and affinity for Fe3+ oxidation state since
they reduce chelation of other important divalent cat-
ions. These include copper and zinc, while the effect
on trivalent elements such as aluminum and gallium is
negligible. Iron chelator affinity and stability of the li-
gand-metal complex is expressed through the value of
pFe3+. This is a negative logarithm of the concentra-
tion of free Fe3+, measured in a solution of 10 pmol/L
ligand and 1 umol/L Fe3+ at pH 7.4. The higher the
pFe3+ value, the greater the stability of the complex
3.

Three iron chelators are available.

Deferoxamine

Deferoxamine was the first approved iron chelator
to be introduced into clinical use in the 1960s. It is
a hexadentate ligand. Deferoxamine is not absorbed
effectively by the gastrointestinal tract and must be
administered parenterally, usually in subcutaneous in-
fusions, due to its short half-life of about 20 minutes.
When intensive chelation is needed, deferoxamine can
be given as a continuous intravenous infusion. The
most common deferoxamine side effects are local in-
fusion-site reactions (induration, erythema, swelling,
and itching). Serious adverse events have occurred,
particularly in patients on higher deferoxamine doses
relative to their iron burden. Ophthalmologic and au-
diological monitoring are recommended.

When administering the drug in standard subcutane-
ous infusions, iron is removed from the myocardium
by about 1.1-2.2% per month (9), and continuous in-

19



Maria Dimova, Valeria Kaleva, Yavor Kashlov

Konkoto mo-Bucoka e croitHoctTa Ha pFe3+, Tonkosa
[O-ToJIsIMa € CTA0MITHOCTTA Ha KoMIuiekca (3).
Paznonarame c Tpu *eJe3HU Xeaaropa:
Hedepoxcamun (Deferoxamine)

HedepokcamuH € MBPBHAT 0JOOPEH XKeJe3eH Xea-
TOp, BbBEJICH B MpaKTHKATa oile npe3 60-1e roauHu
Ha JBaiiceTu BeK. [IpeicraiisiBa XeKcaJeHTaTEH JIU-
rana. He ce pe3opOupa B cTOMalIHO-YpEBHUSI TPAKT,
Mopajl KOETO ce Tpuiiara MapeHTepaTHO OOWKHO-
BEHO moJl (opmara Ha MOAKOKHA MH(Y3Ms 3apanu
KpaTKus Moy kUBOT okojio 20 munyTH. [Ipu cienna
HEOOXOAMMOCT OT XelaTopHa Teparusl ce Ipuiara u
KaTo MHTpaBeHO3Ha uHQY3us. Hexxenanure peakunu
6I/IB3T JIOKAQJIHU — MOJAYBAaHC Ha MACTOTO Ha arljiuKa-
s, epuTeM, chpoek. Bb3MokHY ca U cHCTEeMHH pe-
aKIMHU ChC 3acsTaHe Ha BU3yca U CIyXa, KOETO Hajlara
0(hTaIMOJIOTHYHO U ayJHOJIOTHYHO TPOCIIE/ISIBAHE.
HpI/I Inpujiarane Ha MCIAMKaMCHTA B CTaHAAPTHHU IIO-
JKOKHU MHQY31H, KETI30TO Ce OYMCTBA OT MHOKap-
na c okono 1,1-2,2% na mecer (9), a HempeKbCHATUTE
HHQY3UH OCUTYpsBaT OUYMCTBaHe 10 5% Ha Mecel,
3alI0TO JKEJIE3HUTE HOHM CE YJIABST MOCTOSHHO U Ce
Cb3JaBa TPacH IPaJAUCHT MEKAY CHPLETO U IHUPKY-
JlanuysTa. YBenuueHueTo Ha MIPOABIDKUTCIIHOCTTA Ha
JieueHue ¢ Jie)epOKCaMuH, BOJIU JI0 MOI00psiBaHe Ha
MHOKApAHUS KIUPBHC.

Hedepunpon (Deferiprone)

Jedepuripon e OujeHTaTeH JIUraH 1, KOUTO Ce CBhP3-
Ba C XKeII30TO B MonapHo choTHomienue 3:1(10).
[Tpuema ce per os u ce pe3opoupa ObP30 B TOPHUTE
OTJICJIM Ha CTOMAIIIHO-YPEBHHUS TPAKT. MeTadosm3upa
ce JI0 TIIIOKOPOHH]] KOHIOTaT, KOUTO HAMa XelaTHpa-
LM CBOMCTBA, MOIYKUBOTHT My € Kparbk — 1,5-2,5
qaca, KOC€TO OIPCACIId U TPUKPATHHA MY IIPUEM THCB-
HO, eKCKpeTupa ce ¢ ypuHara. Hali-uecto cpemanure
HEKENIaHW PEaKIMy ca OT CTpaHa Ha TaCTPOMHTECTH-
HaJTHUSL TPAKT — rajieHe, TIOBpPbIIane, OOJIKU B KOpe-
Ma, HaOJII0AaBaHo € ChIIO Taka MPEXOTHO MOKaYBaHe
Ha yepHOIpoOHHTE eH3nmMu (10). Onucanu ca ChIIo
Taka M 3acsraHe Ha CTaBUTE, OOMKHOBEHO KOJICHETE
— 0T JiekH OOJIKH JI0 TeXKBK apTPUT, HO Hall-CeprUO3Ha-
Ta HeKeJIaHa PeaKIysl € arpaHyJIoUTo3a, IIPH OKOJIO
1% oT manueHTuTe, HO MpPU OKOJIO0 5% MMa MO-JIEKO
cragaHe Ha HeyTpoduauTe. ToBa Haara exxeMeceueH
KOHTPOJI Ha HEYTPOPUINTE C 1€ PAHHO OTKpHBAaHE
Ha arpaHyJsiouuro3ara. ToBa ca IpexoJHU ChCTOSHHS,
KOUTO NpEMUHABAT IPH CIIMPAHC HA TCpaIluATa.
MoHotepanusita ¢ aedepunpon ocurypsisa mo-goopa
KapIMONIPOTEKIMS U 1MOI00psiBa MUOKAPIHOTO 00pe-
MEHSIBaHE C JKeJISI30 U PEKUBIEMOCTTA B CPABHEHHE C
nedepoxcamu (11,12). JlaHHuTE 32 PSIKUBIIEMOCTTA
ca Bepuduuupanu 1 ot EBporelickara jekapcTBeHa
arennus (European Medicines Agency, EMA). /IneB-
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fusions provide removal up to 5% per month because
iron ions are captured continuously and a stable gradi-
ent is created between the heart and the circulation.
Increasing the duration of deferoxamine treatment re-
sults in improved myocardial clearance.

Deferiprone

Deferiprone is a bidentate ligand that binds to iron
in 3:1 molar ratio (10). It is taken orally and is rap-
idly absorbed from the upper gastrointestinal tract.
It is mainly metabolized to a glucuronide conjugate
that lacks iron-binding capability. Given its relatively
short plasma half-life of 1.5 to 2.5 hours, the drug is
usually administered 3 times daily and is excreted in
the urine. The most common adverse effects are gas-
trointestinal symptoms (nausea, vomiting, abdominal
pain) and a transient increase of liver enzymes (10).
Arthropathy may occur, ranging from mild pain in 1
or more joints (usually knee) to severe arthritis, and
low plasma zinc levels have been reported in a minor-
ity of patients, but the most serious adverse reaction
is agranulocytosis - in about 1% of patients). A less
severe form of neutropenia has been reported in 5% of
patients. This necessitates monthly neutrophil control
for the early detection of agranulocytosis. These are
transient conditions occuring when therapy is discon-
tinued.

Deferiprone monotherapy provides better cardiopro-
tection and improves myocardial iron burden and
survival compared to deferoxamine (11,12). Surviv-
al data are also verified by the European Medicines
Agency. The daily dose of deferiprone is 93 mg/kg
and it removes myocardial iron at a rate of 2.2% per
month, which is about twice higher than deferox-
amine. The decrease of deposits in the liver is not sig-
nificant. Deferiprone treatment improves the left and
right ventricular ejection fraction more significantly
than deferoxamine (13). Deferiprone monotherapy
is recommended in myocardial siderosis, decreased
ejection fraction, or asymptomatic left ventricular
dysfunction. It is also possible to combine both drugs
(both administered daily), in severe myocardial sid-
erosis.

A one-year prospective study comparing deferox-
amine (DFO) monotherapy with DFO and deferiprone
(DFP) combination therapy in TM patients with left
ventricular ejection fraction (LVEF) <56% was con-
ducted by the Thalassemia Clinical Research Network
(TCRN) (14). All patients received DFO 50-60 mg/kg
for 12-24h/day subcutaneously or i.v. 7 times a week
combined with DFP 75 mg/kg/day (combination ther-
apy arm) or placebo (DFO monotherapy arm). The
endpoint of the study was LVEF assessed by magnetic
resonance imaging (MRI).
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HaTta J03UpOBKa Ha JeepunpoH € 93 MI/KI O4ncTBa
MHUOKApIHOTO JKEJsI30 ChC CKOpocT 2,2% Ha Mmecel,
KOETO € OKOJIO JIBa ITbTHU IMoBeYe OT edekra Ha jaede-
pokcaMuH. HamansBaHeTo Ha jKele3HHuTe Jiera B Yep-
Hus Ipo0 He e 3HaumMmo. Jleuenuero ¢ nedepurnpon
oJI00psiBa (ppakiysTa Ha M3TIACKBAHE HA JiABaTa W
JsICHaTa Kamepa MO-3HAuYUMO, OTKOJKOTO JAedepok-
camuH (13). IlpenopbuBa ce MoHOTepanusi C Jede-
PHIIPOH TPU MHOKapHA CHIEpO3a, NpH IOTHUCHATA
¢paxuus Ha n3tnacksane (PU) wnm acumnromHa Je-
BOKaMmepHa TuchyHKIMs. Bb3MOKHO € 1 KoMOWHHpa-
HETO Ha JIBaTa MEMKAMEHTa, TIPHJIaraT ce eXXeJHEBHO
U J[BaTa, MPH TEKKA MUOKap/IHa CHAEPO3a.

EnHOromuiHo mnpoCneKTHBHO MpOYyYBaHE, CpaBHS-
Baio MoHoTepanus ¢ aedepokcamun (DFO) ¢ kom-
ounupana tepanus DFO ¢ nedepunpon (DFP) npu
naruentu ¢ TM u ®U Ha nsBata kamepa <56%, € mpo-
BeIeHO OT MexayHapoIHa Tpyna 3a u3cjeBaHe Ha
tasnacemust (Thalassemia Clinical Research Network,
TCRN) (14). Becuuku nanmenTu noimydasat DFO 50-
60 mr/kr 3a 12-24 4/nHEBHO C.K. WIH U.B. 7 I'bTU B
cenmuriata, komOunupano ¢ DFP 75 mr/kr/mH (pamo-
TO Ha KOMOWHHMpaHa Tepanus) WK mianedo (pamo Ha
monotepamnus c DFO). Kpaiina Touka Ha mpoy4YBaHETO
e nesokamepnara OU, ouenena upes SAMP. Pesyirra-
tute: oT 104 ckpuHUpaHU MAIUEHTH, PAHAOMHU3UPAHH
ca 20. [logoopsianero Ha JIK ®U e curanpukanTHo
Ha 6-us u Ha 12-us mecert (p-0,04) 3a nBeTe pamena
Ha mpoyuBaHeTo. HalOmiomaBa ce HoOpManmu3upaHe
Ha KamepHarta QyHKUMs npu 9 oT nauuenture. [lpu
koMmOunHupanata tepanus OU ce ysenndasa ot 49,9%
Ha 55,2% (+5,3% p-0,04; n=10) Ha 6-us mecen u Ha
58,3% na 12-us mecer (+8,4%, p-0,04, n=7). [1pu mo-
notepanusi ¢ DFO, ®U na JIK ce yBennuasa ot 52,8%
Ha 55,7% (+2,9% p-0.04; n=06) Ha 6-ms1 Mecen u Ha
56,9% na 12-us mecen (+4,1%, p-0,04; n=4). [Tpoms-
Hata Ha (pakuusITa Ha M3TIACKBAHE HE JOCTUTA CTa-
TUCTHUECKA pa3liuKa MEXAy ABeTe pamena (p-0,89).
JIBama manMeHTH OT MOHOTEPAIUsITa U €IMH NallueHT
OT PaMOTO Ha KOMOMHHUPAHO JIEYeHHE IO BpeMe Ha
MpoCyesiBaHEeTO BIIOMIABAT (aTaHO ChpACYHATA He-
JOCTaTh4HOCT. [IbpBOHAYATTHUAT 3aMHUCHI € /1A CE Ha-
Oepar 86 yu4aCTHHUIIM B IPOYYBAHETO U JIa C€ JOCTUTHE
5% pasnuka B nogoopenueTo BbB ®U mexy nBara
TepaneBTHYHU pexxkuma. [IpoyuBaHeTo e mpeKpaTeHo
Mo-paHo 3apaay 0aBHO HaOWpaHe Ha MALUEeHTH, KaTo
¢ HaOpanute 20 nmaruentu nma 80% crarucTuyecka
MOIIl 3a ycTaHOBsiBaHe Ha §8,6% paznuka BB DU,
KOSITO HE € rmocturHara. Muokapauust T2* ce mojo-
OpsiBa U B ABETE paMeHa — B KOMOMHHUPAHOTO Pamo C
1,9£1,6 mcexk, p-0,04 u B pamoto ¢ DFO 1,9+1,4 mcek,
p-0,004, HO Oe3 pa3iuka MEXy JBETE CXEMHU Ha Te-
panus (p-0,65). HamansBane Ha OTJI0KEHOTO KeJNA30

Results: Out of the 104 screened patients, 20 were ran-
domized. Improvement of LVEF was significant at the
6th and 12th month (p-0.04) for both arms of the study.
Normalization of ventricular function was observed in
9 patients. In the combination therapy, EF increased
from 49.9% to 55.2% (+5.3%; p - 0.04; n = 10) at 6
months and 58.3% at 12 months (+ 8.4%; p-0.04; n =
7). In the DFO monotherapy, LVEF increased from
52.8% to 55.7% (+2.9%; p - 0.04; n=6) at 6 months
and to 56.9% at 12 months (+4.1%; p-0.04; n=4). The
change in EF did not reach a statistical difference be-
tween the two arms (p-0.89).

There was fatal deterioration of HF during follow-up
in two patients in the monotherapy and one patient
in the combination therapy arm. The initial inten-
tion was to recruit 86 participants in the study and
achieve a 5% improvement in EF between the two
treatment regimens. The study was terminated ear-
lier because of slow patient recruitment. With 20 re-
cruited patients and 80% statistical power, the 8.6%
difference in EF was not acvieved. Myocardial T2*
was improved in both arms: in the combined therapy
arm with 1.941.6 ms; p-0.04 and in the DFO arm with
1.9+1.4 ms; p-0.004, but with no difference between
the two therapy regimens (p-0.65). Reduction of iron
levels in liver (p-0.03) and ferritin values (p <0.001)
was observed only in the combination therapy. The
conclusion is that both mono- and combined therapy
improve LVEF (14).

Deferasirox

Deferasirox is an orally active tridentate chelator that
binds iron in a 2:1 molar ratio. Single oral doses of de-
ferasirox are absorbed rapidly, achieving peak plasma
levels within 1 to 3 hours after administration; with
a mean elimination half-life of 8 to 16 hours, plasma
levels are maintained within a therapeutic range over
24 hours, which supports once-daily administration
(15). Feces are the main route of excretion. It is avail-
able in the form of dispersible tablets, adverse effects
are rare: mild transient gastrointestinal discomfort
(nausea, vomiting, diarrhea, abdominal pain), diffuse
maculopapular rash, elevation of ALT and creatinine
levels (15). These side effects usually do not require
discontinuation of therapy. Safety data on long-term
is the same as short-term data. (16). Mild elevations in
serum creatinine levels occur in =33% of patients, but
some may have higher levels. Although the changes
in serum creatinine are usually nonprogressive, de-
ferasirox is contraindicated in patients with creatinine
clearance <40 mL/min or serum creatinine greater
than twice the normal threshold (17). Several cases of
Fanconi syndrome (441) have also been reported. Au-
ditory and ocular toxicities occur in =1% of patients
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B uepHust Apod (p-0,03) u cToitHOCTTa HA QepuTHHA
(p<0,001) ce oTunta egAMHCTBEHO B KOMOWHUpaHATA
tepanus. U3BoasT €, ue u MmoHotepanusta ¢ DFO, u
komOuHupanata ¢ DFP nonoOpsiar ®U Ha nsiBata
kamepa (14).

Hedepacupoxc (Deferasirox)

Hedepacupokc e opaieH TpuAeHTaTeH XenaTop, KO-
TO CE CBBbp3Ba C JKEJIE3HUTE HOHM B CHOTHOILICHHUE
2:1. [lpuema ce eTHOKpATHO JHEBHO, OBP30 ce pe-
30pOupa B TaCTPOMHTECTHHAIHHS TPaKT M JOCTUTa
IMMKOBM TIJIa3MeHU HuBa cien 1-3uaca. Mma mosmy-
JKUBOT OT 8-16 uaca, KaTo TepanmeBTHYHUTE HUBA CE
3aIbpKaT B paMKuTe Ha 24 yaca U TOBa IMO3BOJISBA
enHokpateH npueM (439). Exckpenusta e npeiuMHO
(exanna. [Ipemiara ce nox popmara Ha AUCTIEPCHU
TaOJIeTKH, HEKEIaHUTE PEaKLUUH ca PEIKH U JIEKH —
MPEeXOJHH CTOMAIIHO-UYPEBHHM HapylieHus (TajeHe,
MOBpBILAHe, Tuapus, OOJKH B Kopema), Audy3eH ma-
KyJIO-TIaIyJI03¢H OOpHB, MOKaYBaHE HA CTOMHOCTHTE
Ha AJIAT u na xpeatununa (15). Te3u Hexenanu
peakuuu OOMKHOBEHO HE HajlaraT NpeKpaTsBaHe Ha
TepanusrTa. J[pirocpouHara 0€30MacHOCT Ha MeJHKa-
MEHTa € CpaBHHMA ¢ KpaTkocpouHata (16). [lopanu
YCTaHOBEHO JIEKOCTENIEHHO MMOKaYBaHEe Ha HUBAaTa Ha
KpeaTHHHMHA, Tipu 0Kosio 33% OT JieKyBaHUTE Mallu-
eHrtu, 0e3 Ja mporpecupa, aedepacupoKc € IPOTHBO-

treated with deferasirox.

Deferasirox monotherapy can be applied in confirmed
iron overload in the myocardium with preserved car-
diac function (18,19,20,21). However, no changes in
LVEF were reported. Myocardial iron clearence is
between 1.3 and 1.5% per month and is comparable
to that of deferoxamine. The efficacy of deferasirox
for myocardial iron removal at an average daily dose
of 36.7 mg/kg is the same as that of deferoxamine.
Deferasirox is not recommended as a first-line drug
in T2* values <6 ms and in patients with reduced EF.
Deferasirox can be used as a monotherapy in myocar-
dial siderosis, but not in the abovementioned cases.
The lack of increase in EF increase was also con-
firmed in the CORDELIA study (22). In the prospec-
tive HYPERION study from 2015, the combination
of deferasirox and deferoxamine was evaluated in
patients with severe myocardial siderosis, where T2*
was 5-10 ms, and LVEF >56%, followed by defer-
oxamine monotherapy on reaching T2*>10 cm. The
mean dose of deferasirox was 30.5 mg/kg, and for de-
feroxamine 36.3 mg/kg/day. The EF remained stable
for 24 months of follow-up.

The three chelating drugs are presented in Table 1
with their main characteristics: application, dosage
and adverse effects.

Table 1. Main characteristics of the iron chelators (according to Pennell D 2013, 3)

Dosage
Drug FDA EMA Route & Frequency | Excretion | Adverse effects
approved | approved mg/kg/day
sensoneural
deafness, visual
SC 8- to 14-h . .
. .. . . 60% urine disturbance,
Deferoxamine Yes Yes (iv.in 20-50 infusion for
40% feces skeletal
HF) 5-7 d/wk ..
abnormalities,
growth retardation
agranulocytosis,
; 75-90% in gastrointestinal
Deferiprone Yes Yes Oral 75-100 x3/d urine disorders,
arthropathy
v -
Deferasirox Yes Yes Oral 20-40 x1/d 90% in ras b, G I dlSO.I’ d.ers,
feces rise in creatinine

MOKa3aH NP KpeaTHHUHOB KIUPBHC <40 MII/MUH W
CepyMeH KpeaTMHHMH HaJ JiBa IbTH HaJl HopMara 3a
cboTBeTHaTa BB3pacT (17). Omucanu ca ¥ HIKOJIKO
ciydas Ha cuHapom Ha Fanconi (441), mpu okoso 1%
rMa OYHa U CIyXOBa TOKCUYHOCT.

MoHotepanusita ¢ 1edepacupoKc MOXKe Ja ce MpuJia-
ra Ipu J0Ka3aHO HaTpyIIBaHEe Ha JKelsf30 B MHUOKap/a
npu 3amna3eHa cbpaeuyna ¢ynknus (18,19,20,21). He
ca oT4yeTeHu obaue MPOMEHH BHB (pakiuaTa Ha W3-
TJIaCKBaHe Ha JisiBaTa kamepa. O4HCTBAaHETO Ha KeJs-
30TO OT MHOKapzaa € mexay 1,3 u 1,5% Ha mecen u e
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COMBINED DRUG TREATMENT

The combination of deferoxamine and deferiprone is
successful and both drugs are taken together. When
the drugs are combined, a synergistic effect on im-
proving iron clearance (23) is reported; there is also
improvement in LVEF and reversal of myocardial sid-
erosis (24,25). Even in severe iron burden of T2*<§
ms, combination therapy led to a rise in T2* by 3.3%
per month, in T2* 8-20 ms, the rise was 4.2% per
month compared to only 2.2% in monotherapy. The
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CpaBHUMO c ToBa Ha nedepokcamuH. EdexTuBHOCTTA
Ha JedepacHpoKc 3a M3BIMYaHE Ha MHOKAapAHO Ke-
JIS130 TIPU CpeiHa JHEBHA /103a 36,7 MI/KT € eJJHaKBa
¢ Ta3u Ha aedepokcamun. He ce mpenopbusa nede-
pacupoKc Karo MEAMKaMEHT Ha IbPBU W300p IMpu
cToiHOoCT Ha T2*<6 MCeK W NpH MaUEHTH C PeAyLHU-
pana ®U. [edepacupokc Moxke Ja ce U3IM0I3Ba KaTo
MOHOTEpaIus Npu MUOKapJ/iHa CHJEpOo3a, HO HE U B
yYIOMEHATHUTE CITy4au.

JIuncara Ha nokausBane Ha OU e NOTBBPAECHA U B ITPO-
yuBaneto CORDELIA (22). 1 B 10-HOBOTO OTBOPEHO
npocnektuBHo npoyusaHe HYPERION ot 2015 1. ce
OLICHSIBAa KOMOMHAIMATA Jieepacupokc ¢ Jaedepok-
CaMMH TpH TALMEHTH C TeXKa MHOKapJHa CHIEpO-
3a, ipu kouto T2* e 5-10 mcek, a DU nHa JIK >56%,
MocJIeIBaHO OT IPEMUHABAaHE KbM MOHOTEpAIHs C Jie-
(epokcamuH nipu gocturane va T2*>10 mcek. Cpen-
Hara 1032 Ha aedepacupokc e 30,5 mr/kr, a Ha nede-
pokcamut 36,3 mr/kr Ha aeH. @Y octaBa crabuiHa 3a
24 mecela Ha IIpociie/IsBaHe Ha MAIEHTHUTE.

Ha Tabn. 1 ca mpeacraBeHH TpUTE XeNaTOPHU Me-
JMKaMeHTa — IMPUJIOKEHHUE, JTO3MPOBKA, CTPAaHUYHU
JEHCTBHS.

KOMBUHHUPAHO MEJIUKAMEHTO3HO
JEYEHHUE

Kombunamusata mexnay nedepokcamuH u nedepu-
IIPOH € YyCIIeIIHa, KaTo W JBaTa MEJUKaMEHTa ce
npueMaT 3aeqHo. Ilpy xoMOuMHMpaHeTo Ha MeAu-
KaMEHTHTE Ce OTUHUTAa CHHEprudeH eQeKT 1o OTHO-
LIeHHE MOJOOPSIBAHETO HAa KIMPBHCA HA KEIA30TO
(23); otuereno u momoOpsiane BbB DM Ha nsBara
Kamepa U 0OpaTHOTO Pa3BUTHE HA MHUOKapIHATA CH-
neposa (24,25). Jlopy mpu TeXKKO JKEISI3HO OTIIaraHe
¢ T2*<8mcex KOMOMHHPAHOTO JICYEHUE BOIH JO I0-
KauyBaHe Ha cToriHocTTa Ha T2* ¢ 3,3% Ha Mecetr, mpu
T2* 8-20Mcek nmokausanero € 4,2% Ha Mecell ¢ e1Ba
2,2% npu MoHoTepanus. [lecHokamepHaTa QyHKUIUS
CBIIO Ce MOA00psBa CIEICTBUE OT KOMOMHUPAHOTO
nedenue (26). Ilpu mpeMuHaBaHe OT MOHOTEpANHS C
nedepokcaMuH KbM KOMOMHUpPAHA Teparnusi ce OTYH-
TaT M0-100pH Pe3yITaT! NPHU TEKKO MHOKAPIHO XKe-
Ts3HO oOpemensBaHe (27).

KomOunupanara Tepamus nedepokcamMuH u nede-
pUIIPOH € 100pe Bh3IpHETa U BbB BCUUKH LIEHTPOBE
II0 CBETa C€ MpHJjIara yCIemHo, 0COOCHO B CIydau C
YMEPEHO M TEXKO OTJIaraHe Ha >Kelsi30 B MUOKapaa U
mpu notucHata ®U Ha JIK. IIpemopruBa ce koMOu-
HHUPAHOTO JICUCHHE JIa Ce pUJIara UMEHHO B TE3U J1Ba
ciydas (3). He ce oTunTa mokauBaHe Ha CTPAaHUUHHTE
HEe)KeJTaHU PeaKIny MpH KOMOWHUpaHa Tepanus (28).
EdextrBHOCTTA M Oe3o0macHOCTTa Ha KOMOWHHpa-

right ventricular function also improves as a result
of combination therapy (26). When switching from
deferoxamine monotherapy to combination therapy,
better results were reported in severe myocardial iron
overload (27).

The combined therapy with deferoxamine and deferi-
prone is well accepted and is being applied successful-
ly in all centers around the world, especially in cases
of moderate and severe myocardial iron burden and in
suppressed LVEF. It is recommended to use it in these
particular cases (3). No increase in adverse effects has
been reported in combination therapy (28).

The efficacy and safety DFO and DFX combination
therapy have also been evaluated in smaller scale
studies (29,30). In one of these pilot trials, DFX 20-
30 mg/kg/d and DFO 35-50 mg/kg for 3-7 d/wk were
administered for one year to 22 patients with iron bur-
den. Significant improvement in liver iron concentra-
tion (31%; p<0.001) and ferritin was reported; in all
6 patients with pathological myocardial iron burden,
the value of T2*; p-0.031 improved. Non-transferrin
bound iron and labile plasma-iron values were also
assessed and their values were also significantly re-
duced: p-0.004 and p-0.006, respectively. Thus, DFX
and DFO combination therapy reduces myocardial
iron concentrations and provides excellent control
over toxic free plasma iron values.

SEQUENTIAL DRUG TREATMENT

Sequential drug treatment with alternating administra-
tion of deferoxamine and deferiprone on consecutive
days (not on the same day) is the method of choice
in mild myocardial siderosis. This alternating admin-
istration also provides good cardioprotection compa-
rable to deferiprone monotherapy (31).

PROGNOSTIC SIGNIFICANCE
OF CHELATION THERAPY

A retrospective study of 315 patients with TM in the
UK (Pennell 2011, 32) demonstrated the prognostic
significance of chelation therapy in terms of develop-
ing HF. Patients were divided into two groups: the
first with EF 56-62% (considered reduced in patients
with TM) and the second with EF 63-70%. EF was
evaluated by MRI. The results showed that in the 315
patients who had a total of 754 magnetic resonance
tests for the retrospective analysis period, an increase
of even 1% compared to baseline EF resulted in a
statistically significant reduction in the risk of future
development of HF for both groups: EF 56-62%; RR
0.818; p <0.001 and EF 63-70%; RR 0.893; p-0.001.
These data strongly demonstrate that even a slight
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Hoto neuenue ¢ aedepokcamun (DFO) u nedepacu-
pokc (DFX) e cbio orneHsiBaHa B HETOJIEMU CTYAUU
(29,30). B enHOTO OT TE3M MUWJIOTHU U3MHUTBAHUS HA
22 malueHTH C KEJSI3HO OOpEMEHsIBaHE € IMpujlaraH
DFX 20-30 mr/kr gaesao u DFO 35-50 mr/kr 3a 3
10 7 THW/CEMUYHO B IIPOIBIDKEHHE Ha €/IHA TO/IMHA.
OtyereHo € CUTHU(UKAHTHO NMOAOOpEHHE B YEpHO-
npoOHara xesnsizHa KoHueHTpanus ¢ 31%, p<0,001 u
(hepuTHHA; TIPU BCHYKU 6 MAIMEHTU C MATOJOTHYHO
KEJSI3HO MUOKapJHO OTJIaraHe ce Mmoao0psiBa CTOM-
HoctTa Ha T2%, p-0,031. OneHeHa € U CTOWHOCTTA
Ha HeTpaHC(eprH CBBP3AHOTO HKEMSA30 U JaOHITHOTO
TUIA3MEHO HKENSA30, KOUTO CHIO 3HAYNMO CE TIOHMKa-
Bar, p-0,004 u p-0,006 croTBeTHO. Taka KOMOMHMpa-
Hata Ttepanusd DFX u DFO namansBa MuokapaHuTte
JKEJIe3HN KOHLIEHTPAMH M OCUTYpPsiBa OTIIMUECH KOH-
TPOJI BEPXY TOKCHYHOTO CBOOOTHO IJIa3MEHO JKEIS30.

CEKBEHIOMWAJIHO MEJUKAMEHTO3HO
JEYEHUE

CeKBeHUMAIHOTO MEIMKAaMEHTO3HO JICUCHHE C pe-
IyBaHE Ha mpuema aedepokcaMuH U AedepurnpoH
B TOCJIEOBATEIHU JHU, HE B €IMH U CBILU JACH, €
CPEICTBO Ha M300p MpH JIeKa MUOKapIHaTa CHIAEPO-
3a. To3u antepHMpaIl METOX CHIIO OCUTIYpsiBa 100pa
KapIUONPOTEKLHsI, CPABHUMA C MOHOTEpAIHUsITA C Ae-

(hepunpon (31).

HNPOTrHOCTUYHO 3HAYEHUE HA
XEJIATOPHOTO JIEHEHHUE

PerpocniexktuBHO mpoyuBane Ha 315 marmentu ¢ TM
B O06exnnenoTo kpanctso (Pennell 2011, 32) nokaspa
MIPOTHOCTUYHOTO 3HAYEHHUE Ha XEJIATOPHOTO JICUCHHE
[0 OTHOIIEHHE Ha Pa3BUTHE HA ChpJeYHa HeloCTa-
ThUHOCT. [lanmenTuTe ca pa3aeneHy Ha JBe TPYIIH,
enHara e ¢ ®U 56-62%, KosTO € cunTaHa 3a IOHUKE-
Ha ipu narmenTu ¢ TM, u BTopata ¢ ®U 63-70%. U
e ouensiBana ¢ SIMP. Pe3ynrature nokaspar, ue 1npu
Te3n 315 manueHTH, Ha KOWTO ca MPOBEIACHHU OOIIO
754 MarHUTHO-PE30HAHCHU M3CIIEIBAHU 3a TIEPHO/Ia
Ha PETPOCTIEKTHBEH aHaJN3, YBEIMYEHHETO JIOPH C
1% ma @Y oT M3XOQHO HUBO BOAM IO CTATHCTHYE-
CKM CUTHU(PMKAHTHO HaMaJICHHE Ha PUCKa OT OB
passutne Ha CH u 3a aBeTe pasaeneHu mo CTOHHOCT
Ha ®U rpymu: ®U 56-62%, RR 0,818, p < 0,001 u EF
63-70%, RR 0,893 p—0,001. Te3n nanHm kareropmd-
HO JIEMOHCTpPHpAT, Y€ U JIEKOTO rnokauBane Ha O Ha
JIK mipu JIeUeHUETO ¢ HKEJIE3HU XeJIaTOpU 32 MUOKap/I-
Ha CH/Iepo3a BOJIY JI0 TIOA0OpsiBaHE HA MPOrHO3aTa Ha
narueraTuTe ¢ TM, HaMassIBailKu prcka OT OBICII0
pasButne Ha CH. [TomoOpsiBanero Ha ®U ¢ 2,6% 1o
3,1%, K0eTo € OTYNTAHO W B APYTH MPOYUBAHUS, C€
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increase in LVEF in iron chelator therapy for myo-
cardial siderosis leads to improved prognosis in TM
patients, reducing the risk of future HF development.
Improvement of EF by 2.6% to 3.1% (also reported in
other studies) was followed by a reduction in risk for
HF by 25.5% to 46.6% over a 12-month period.

TREATMENT OF MYOCARDIAL
SIDEROSIS WITHOUT CARDIAC
DYSFUNCTION

The importance of chelation therapy is determined by
the fact that even in preserved cardiac function with
an estimated iron accumulation of T2*<6 msec the
risk of developing HF within one year is 47%, and the
relative risk compared to patients with T2*> 10 ms
is 270 (7). Therefore, also in T2* <6 msec, the treat-
ment is the same as in manifest cardiac failure. Only
1 in 80 TM cases with T2*<10 msec develop HF for
a follow-up period of about 10 years (33), therefore
these patients are usually treated more conservatively.
T2* measurements mainly provide information on in-
soluble iron in the form of inert hemosiderin that is in
equilibrium with toxic labile iron (3). By maintaining
a constant chelator level in the circulation for 24 h,
continuous free iron binding is ensured and the risk of
progression to HF decreases regardless of T2* levels.
In the absence of a chelator, labile plasma iron con-
centrations increase rapidly and the use of short-term
acting chelators is associated with increased cardiac
risk (34,35).

Deferoxamine, deferasirox and deferiprone remove
the iron from the myocardium when given in adequate
doses and in good co-operation by patients. Each drug
has advantages and disadvantages to be assessed in
the particular patient (3).

TREATMENT OF SEVERE
DECOMPENSATED HF IN TM PATIENTS

This is a severe, life-threatening condition that should
be treated in specialized centers by detoxification with
chelation therapy.

The steps of the treatment of severe decompensated

HF in TM are stated the Cardiovascular Function and

Treatment in B-Thalassemia Major: A Consensus

Statement from the American Heart Association (3)

and in the Guidelines for the Management of Trans-

fusion-Dependent Thalassaemia of the Thalassemia

International Federation (1). These are:

* immediate start of chelation therapy with a 24-
hour continuous i.v. infusion of deferoxamine
50mg/kg;

* continuous electrocardiographic and hemody-
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mocneiBa OT HamassiBane Ha pucka 3a CH ¢ 25,5% no
46,6% 3a nepuox ot 12 mecerna.

JEUEHUE HA MUOKAPIHA CUJAEPO3A
BE3 CLPJEYHA JUCOYHKIUS

BaxHocTTa OT XENaTOpHOTO JICUEHHUE CE OIPEAES OT
TOBA, Y€ JIOPH M IIPU 3ala3eHa ChbpAcuHa (YHKIHS,
IIPH YCTaHOBEHO JKEIS3HO HaTpymBaHe ¢ T2*<6 mcek,
pucKbT 0T pazBuTre Ha CH B paMkuTe Ha €1HA TOMHA
e 47%, a penaTUBHUAT PUCK B CPABHEHHE C MALUEH-
i ¢ T2*>10 mcek e 270 (342). 3aroBa u ipu T2*<6
JICYEHUETO Ce MPOBEKAA KakTo npu Manudectaa CH.
Camo 1 Ha 80 ciyuast ¢ TM u T2*>10 mcek pa3Bu-
Ba CH 3a mpocnensBan nepuoj ot okosio 10 ronunu
(33) n 3aroBa Te3u ManMeHTH OOMKHOBEHO CE JIEKyBaT
10-KOHCEPBATHBHO.

WsmepBanero Ha T2* maBa mHQpOpMAIUs TJIaBHO 3a
HEpa3TBOPUMOTO JKEJII30 Mox (hopmata Ha WHEPTECH
XEMOCHJIEpHH, KOITO € B PaBHOBECHE C TOKCHYHOTO
nabwitHo xensi3o (3). Ilpu momrbpxane Ha MOCTOSH-
HO HUBO X€JIaTOp B UUPKYJIALMATA 32 ISTIOTO JEHOHO-
LIME CEe OCUTYPsIBA HEMPEKbCHATO CBbP3BAaHE HA CBO-
0O0IHOTO KeNsA30 U PUCKBT OT nporpecust KbM CH ce
HamalsiBa, He3aBUCHMO OT HuBarta Ha T2*. [1pu nurnca
Ha XeJIaTOp KOHLEHTPALMUTE Ha JTaOMITHOTO I1a3Me-
HO JKEJIs130 HapacTBaT MHOTO OBbP30 U MPUIIOKEHUETO
Ha KPaTKOJEWCTBAIIN XeJIaTOPHU € CBBbP3aHO C MOBHU-
IIeH chpedeH puck (34,35).

HedepokcamuH, nedepacupokc u nedepunpoH H3-
BEXJAT KEJII30TO OT MHOKap/a, KOrato ce AaBaT B
aJIeKBaTHU JI03U U NPHU JOOPO CHTPYAHUYECTBO OT
nauueHTure. Becekn MenukaMeHT nma npeauMcTBa U
HEIOCTAThLH, KOUTO TPsAOBA /1a C€ OLEHST NPH KOH-
KpeTHus marueHt (165).

JIJEYEHHUE HA OCTPO
JEKOMIIEHCHUPAHA CH ITPH
HAIOMEHTHU C TM

ToBa e TEXKO >KMBOTO3ACTpAIIaBaIlO CHCTOSHHE,
KOETO TpsiOBa Ja ce JIeKyBa B CHEIMAIN3UPAHU 1IEH-
TPOBE C IETOKCHKHUPAIIIA XEIaTOPHA Teparusl.
CrprkuTe, KOUTO TPSOBA Ja ce CleBaT, ca JaJeH! B
KoHceHCcycHUST TOKYMEHT 3a JIeYeHHE Ha CHhPACYHO-
CHJIOBUTE HAPYILICHUS IPH TAIMEHTH C TalaCeMUs
Maliop Ha AMEpHKaHCKaTa KapJUOJIOrMYHa acolya-
st (3) u oT PRKOBOICTBOTO 32 TpaHC(PY3HMOHHO 3a-
BUCHMa TaynaceMusi Ha MexyHapoaHarta denepanus
o TanaceMus (1) 1 BKIFOUBAT:

* He3a0aBHO 3allOYBaHE HA XEJaTOpHA Teparus C
24-gacoBa TPOIBIDKUTENHA HENpEeKbhCHATa WH-
TpaBeHo3Ha HH(DY3us ¢ nedepokcaMut 50 Mr/kr;

*  HENpEeKbCHATO eNeKTpoKapauorpadcko u xemo-

namic monitoring;

emergency echocardiography at patient's bed to
confirm the diagnosis and exclude other causes
such as pulmonary thromboembolism and peri-
cardial effusion;

introduction of deferiprone 75 mg/kg;
maintaining the hemodynamics with adequate
brain and renal perfusion, avoidance of aggres-
sive inotropic treatment, which has adverse ef-
fects, since these drugs deteriorate the iron-medi-
ated oxidative stress;

in TM patients, arterial blood pressure is usually
low and should not be corrected when adequate
brain and renal perfusion is maintained;

diuretics should be administered with caution, in
minimal doses due to the need to maintain ade-
quate preload. If necessary, ultrafiltration can be
used;

in hepatic impairment (there are frequent hepati-
tis C infections in these patients) and decreased
synthetic function, infusion of albumin is recom-
mended,

arrhythmias (common in these situations) usually
respond to chelation therapy. Electrolyte distur-
bances should be corrected, possibly including
magnesium infusions for ventricular arrhythmias.
Amiodarone should be administered. In hemody-
namically significant arrhythmias; beta blockers
might be included in hemodynamically stable pa-
tients;

it is necessary to maintain strict glycemic control,
with insulin-potassium infusion having a benefi-
cial effect on inotropic cardiac properties.
hydrocortisone may be applied in impaired adre-
nal stress response;

calcium, magnesium, vitamin D correction, carni-
tine if necessary; examination of the thyroid, liver
and kidney function and corresponding correction;
hemoglobin values should be maintained be-
tween 110 and 120 g/L with frequent and small
volume transfusions.

patients should be examined for concomitant
acute infections;

no data on initiation of ACE inhibitors treatment
or ARBs in acute decompensation and their inclu-
sion in the therapeutic plan is limited by low arte-
rial blood pressure. Inclusion of beta blockers is
preferred because of the reduced risk of arrhyth-
mias compared to ACE inhibitors and ARBs;
MRI should be conducted as soon as possible to
measure T2*, and in values above 20 the possibil-
ity of myocarditis should be examined following
the MRI myocarditis protocol;
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JTMHAMHYHO MOHUTOPHPAHE;

* exokapauorpadus B paMKHUTEe Ha CIIEIIHOCT JI0
JIETJIOTO Ha OOJHMS, 3a Jla ce MOTBBPIU JAUArHo-
3aTa M M3KIIOYBAaHE HA JPYIM NPHYMHH, KATO
OenonpobeH  TpoMOOEeMOONIN3bM, TEpPUKapICH
W3JIUB;

*  MaKCHMaJHO OBP30 BKIIOYBAHE Ha JICPEPUIIPOH
75 Mr/Kr;

*  [OJAbpKaHe Ha XEMOJWHAMHKaTa C aJeKBarT-
Ha MoO3b4Ha M OBOpeuyHa nepdysus, u30sTBa-
HE Ha arpecHMBHO WHOTPOITHO JICUYEHHE, KOETO €
C HeONarompusITHU IOCIEAWIH, 3all0TO Te3n
MEIUKAMEHTH BJIOIIABAT JKEJIS30-MEIHUPAHHS
okcuparuseH crpec. I[Ipu nanuentu ¢ TM apre-
PHATHOTO HalsiTaHe € HUCKO OOMKHOBEHO U He
MOJJIEKM HA KOPEKIHs B CIy4YauTe, KOraTo ce
MOJUIbprKa aJIeKBaTHA MO3bUHA M OBbOpEUHa Tep-
ysus;

* JUypeTULMTE CJefBa Ja ce MpuiaraT BHUMAaTel-
HO, B MUHUMAJTHH J03H, TIOPaJnd HEOOXOIMMOCT-
Ta OT MOAABPKAHE Ha aJIEKBaTHO MpeJHATOBAp-
BaHe. AKO € He0OXOJMMO, MOXKE a Ce TIPHIIOKU
ynTpaduiTpays 3a U3BIMYAHE HA H3IHIIHUTE
KOJIMYECTBA TEYHOCT M OTPaHUYaBaHE PEIyKIIH-
ATa Ha PeIHATOBAaPBAHETO;

* IpU YEPHOIPOOHO 3acsraHe (YeCTH ca XermaTuT
C uH(peKIMuTe NpH Te3U NAUEHTH) U HaMaJleHa
CHHTETHYHA (YHKIHS, Ce TpernopbyuBa MHDY3Hs
Ha aI0yMHH;

*  apUTMHUUTE, KOMTO Ca YECTH B TE3M CHUTYalluH,
OOMKHOBEHO OTrOBapsT Ha XeJaTOPHOTO Jieue-
Hue. TpsiOBa la ce KOPUTHpAT ENEKTPOIUTHUTE
HapyUICHHs, EBEHTYAIHO BKIIOUBaHE HA MH]Y-
3Usl C MarHesuil npu kamepHu apurmuu. [Ipu
XeMOJMHAMUYHO 3HAYMMH apUTMHUH C€ TpHiara
aMHOJapOH; MIPU XEMOJANHAMUYHO CTaOWITHH Ma-

* heart transplantation is the last option since iron
burden cardiomyopathies are completely revers-
ible. Prolonged maintenance of vital organs is
required in order for chelation therapy to work.

Clinical stabilization of patients is expected within
two weeks or up to a month after the initiation of con-
tinuous chelation therapy with clinical improvement
preceding myocardial iron removal. Deferasirox has
not been studied in HF and is not recommended in re-
nal dysfunction. Prolonged deferoxamine intravenous
infusion requires careful maintenance of the venous
route, anticoagulation and sterility. After management
of the acute moment, a 24-hour subcutaneous infusion
may be initiated.

CONVENTIONAL HF TREATMENT

Therapeutic regimens for HF treatment with de-
creased EF have proven efficacy in reducing mortal-
ity and hospitalizations for HF and are presented in
the current recommendations. These beneficial results
have not been tested in TM patients, but it is widely
accepted that major drug classes of ACE inhibitors,
ARBEs, beta blockers and mineral-corticoid antago-
nists should be also used in patients with thalassemia
and myocardial dysfunction. The most frequent pre-
caution when prescribing is low blood pressure, there-
fore it is always recommended to start with low doses
and titrate slowly (1).

In a study by Derchi (36) including patients with a
mean age of 26, 102 (19.5%) out of 524 TM patients
have been prescribed cardiac therapy. The most com-
monly prescribed group of medications were: ACE
inhibitors - 81 (15.5%), followed by diuretics - 39
(7.4%), beta blockers - 24 (4.6%), antiarrhythmics 16
(3.1%), and digoxin - only 8 patients (1.5%).

Table 2. Drugs used for treatment of myocardial dysfunction and HF in TM patients (1)

Class Drug Dosage

ACE inhibitor ramipril 1.25-10 mg/x1 daily
ACE inhibitor enalapril 2.25-20 mg/x2 daily
ACE inhibitor captopril 6.25-50 mg/x3 daily
ACE inhibitor lizinopril 2.5-40 mg/x1 daily
ACE inhibitor perindopril 2-16 mg/x1 daily
ARBs lozartan 25-150 mg/x1 daily
ARBs valsatran 20-160 mg/x2 daily
ARBs candesatran 4-32 mg/x1 daily
Beta blockers bizoprolol 1.25-10 mg/x1 daily
Beta blockers carvedilol 3.125-50 mg/x2 daily
Aldosterone antagonist spironolactone 12.5-50 mg/x2 daily
Aldosterone antagonist eplerenone 25-50 mg/x1 daily
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[IUEHTH MOJKE J1a ce BKJIIoUaT U OeTa-0oKkepH;

*  CTPUKTEH ITIMKEMHYEH KOHTPOJI € HEOOXOIHMO
Ja ce MOAIbpKa, KaTo MH(Yy3HuATa MHCYJIUH C
Kaluii nMa OJaronpusiTHO BIUSIHUE BBPXY MHO-
TPOITHUTE CBOMCTBA HA CHPLETO;

* IpU HEAJEeKBATeH aJpPEHaJIMHOB OTTOBOP KbM
cTpeca MOJKe Ja ce MPHII0KH XUIPOKOPTH30H;

*  KOpEKIMs Ha KallWi, Marue3uil, BuT. Jl, kapHu-
TUH NIPU HEOOXOIUMOCT; M3CJIe/IBaHE HA IIUTO-
BU/IHATa, YepPHOAPOOHATa U ObOpeuHa (yHKIMS
Y ChOTBETHA KOPEKLIUS;

*  CTOHHOCTHTE Ha XeMOIJI00MHA Ja ce MOJIbpKAT
mexay 110 u 120 r/n ¢ 9ecTn 1 Manku o ooem
TpaHcdy3uu;

* Ja ce M3CIeABAT MAIMEHTUTE 32 ChITBTCTBALIH
0CTpHU HH(EKLUH;

* HsjIMa JaHHU 3a 3anoyBaHe Ha jedeHue ¢ ACE-
WHXUOUTOPH WM  AHTHOTEH3MH-PELENTOPHU
OJIOKepH TIpU OCTpa JCKOMIICHCAIUS M BKITHOY-
BaHETO MM B TEPANEBTUYHUS TUIAH € OrPaHHYCHO
ot Huckoro AH. [IpennounTa ce BKIIOYBAHETO
Ha OeTa-0J0KepH, 3apajy pelylupaHe pucka oT
aputMuu, nipea ToBa Ha ACE-unxuburtopure u
APB;

*  BB3MOXKHO Hal-OBP30 Aa ce nposeae AMP 3a us-
MmepBane Ha T2* u npu croitHocT Hag 20 na ce
M3CIie/IBa Bb3MOKHOCTTA 32 HAJIMYKME HA MHOKap-
Ut ¢ SIMP npoToKoi 3a MUOKapIuT;

*  CbpjeYHATa TPAHCIUIAHTALMS € BH3MOXKHO Haid-
MOCJIEIHATA OILUSI, 3aI0TO KapJHOMUOIIATHATA
OT KEeJSI3HO OOpeMeHsIBaHe € HaIlbJIHO 00paTu-
Ma, KaTo 3a [eNTa € HE0OXOAUMO POABIKHUTEN-
HO TOLIBPKAaHe Ha KU3HEHNUTE OpraHy, 3a Ja 3a-
paboTH XeJIATOPHOTO JICUCHHUE.

KnunuuHo ctabunmsupane Ha MAlMEeHTUTE Ce OYaKBa
B PaMKHTE Ha JIBE CEIMUIIM, 10 MEcel] CJIe 3ar04Ba-
HE Ha HEeNMpeKbCHATa XeJaTOpHa Teparus, KaTo Kiu-
HUYHOTO TOA00pEHHEe MPEeNX0oKAa W3YNCTBAHETO Ha
KeJsI30 OT MUOKapra. Jledepacupoke He e u3cneaBaH
npu CH u He ce npenoppuBa pu HapyeHa Ob0pey-
Ha Qynkuus. [IpoabmkurenHara BeHO3HA HHPY3HUS C
nedepokcaMuH N3MCKBa BHUMATETHO MOUTbp)KaHe Ha
BEHO3HHS BT, aHTUKOATYJIalus 1 cTepriiHocT. Cren
OBJIaJsIBaHE HAa OCTPHSI MOMEHT, MOXeE J1a C€ IPEMUHE
KbM 24-4acoBa MOAKOXKHA HH(Y3HSL.

JIJEUEHHUE C KOHBEHIHMOHAJIHA
JEKAPCTBA 3A CH

TepaneBtuunute cxemu 3a jeuenue Ha CH ¢ moru-
cHara @MU ca ¢ qokazaHa eeKTUBHOCT IO OTHOIIICHHE
penynupane Ha CMBPTHOCTTA M XOCITUTAIH3AIUUTE 32
CH u ca npencraBeHr B ChbBPEMEHHUTE MPETIOPHKH.

The recommended drugs for the treatment of myocar-
dial dysfunction and HF in TM from the Guidelines
for the Management of Transfusion Dependent Thal-
assaemia are presented in Table 2.

FUTURE THERAPEUTIC OPTIONS

The clarification of the role of L-type calcium channels
in the development of myocardial iron burden was fol-
lowed by the initiation of clinical trials to evaluate the
effectiveness of calcium blockers in addition to chela-
tion therapy. A small study demonstrated the benefit
of using amlodipine with standard chelation therapy
(37). A small cohort of 15 TM patients was divided
into two groups: amlodipine was added to the first and
placebo to the second in combination with chelation
therapy. T2* values were studied at baseline, at the 6th
and 12th months. In the amlodipine group, T2* of the
heart increased significantly in the 6th month - from
21747.2 ms to 28.2+7.9 ms; p-0.007 and at 12 months
further to 28.3£8.0 ms; p-0.03. No change was ob-
served in the control group but there was a difference
in the T2* values between the two groups at 6 months:
28.2+7.9 and 24.7+7.8 ms; p-0.03. The conclusion is
that amlodipine, added to standard chelating therapy,
may be a new strategy in the prevention of organ dam-
age from iron burden, especially in tissues where the
entry of iron ions is associated with calcium channels,
as is in the heart (37). Currently, the second and third
phase of two other trials are being conducted: Amlo-
dipine in the Prevention and Treatment of Iron Over-
load in Patients With Thalassemia Major (AmloThal,
NCT01395199) and Amlodipine for Myocardial Iron
in Thalassemia (AMIT,NCT02065492) and the results
are expected soon.

Nowadays, cardiac damages in hemoglobinopathies
are characterized by a startling paradox. Among the
patients with various hemoglobin defects, those with
the highest quality of life and best monitored vascular
status are the ones with the worst defects. Patients with
transfusion-dependent thalassemia visit specialized
centers and have access to all recommended diagnos-
tic and therapeutic strategies, so our attenton should
be directed to non-transfusion-dependent thalassemia.
It is necessary to implement strategies for early inter-
vention and prevention of cardiovascular complica-
tions in these patients.
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Te3u OnaronpusiTHU pe3yaTaTH He ca TECTBAHU H TIPH
naureHTy ¢ TM, HO € MPOKO MPUETO NPUIIOKEHUETO
Ha OCHOBHHTE KilacoBe MeaukamenTH: ACE-uHXnou-
topu, APb, Oera-0iiokepn U MUHEPaIT-KOPTUKOUIHU
AQHTaroOHUCTH Ja ObAAT MPUIIAraHy U MPU TAUEHTH C
TamaceMus 1 MUOKapaHa aucyHkuus. Haii-gectoro
CbOOpaKeHHE, KOETO c€ UMa MPEABUJI MPU TIXHOTO
MIPENHICBaHe, € HUCKOTO apTepuallHO HalsAraHe, 3a-
TOBa C€ MPENopbUBa BUHATH J1a C€ CTapTUpPA C HUCKU
JI034 ¥ Ja ce TuTpupa 6asHo (1).

B mpoyuBanero na Derchi (36) ot 524 nmanmentu c
TM Ha cpenna Bb3pact 26,17 roanHN KapIuOI0Trny-
Ha Tepanus e u3nuceana Ha 102 maumentu (19,5%).
Haii-yecTto mpeanuceaHata rpyna MeAUKaMEHTH ca
ACE-unxuburopure — Ha 81 (15,5%), cnensanu ot
muyperunute — Ha 39 (7,4%), Oera-Oyokepu — Ha
24 (4,6%), aHTHAPUTMHUYHU MEIUKAMEHTH — Ha 16
(3,1%) u nurokcun — camo Ha 8 mauueHTH (1,5%).
[IpenopbuanuTe JIekapcTBa 3a JeUeHne Ha MUOKap/I-
Ha muchynkuus 1 CH npu namuent ¢ TM ot Poro-
BOJICTBOTO 32 JICUCHHE Ha MAIMEHTH ¢ TpaHCc(hy3HOH-
HO 3aBHCHMa TaJlaceMus ca npejacTaBenu Ha Taom. 2.

BBJAEIIU TEPAIEBTUYHHA
BBb3MOXKHOCTHU

WzscusBaneTo Ha possita Ha L-Tun xamueBuTe KaHa-
JIY B Pa3BUTHETO HA MHOKAPTHOTO JKEJISI3HO OTJIaraHe
ce TmocieqBa OT 3all04YBaHETO HA KIMHUYHH MPOYY-
BaHUs, KOUTO Jia OIEHAT e()eKTUBHOCTTA Ha KaJII[H-
eBUTE OJIOKEPH KaTo JOMBIHEHHE KbM XEITaTOPHOTO
nedenrie. EAHO Manko mpoydyBaHe JIOKa3Ba Ioii3aTa
OT TIPWIOKEHUE Ha aMIIOJUIMH KbM CTaHAapTHaTa
Tepanus ¢ xemaropu (37). Brirouena e manka Ko-
xopTa oT 15 mauuentu ¢ TM, kosiTo € pa3zaeneHa ase
IpyIy, KaTo Ha elHaTa Ipymna e J00aBeH aMJIOAHITHH,
a Ha Jpyrara Iuanedo KbM XEeIaTOPHOTO JIEYEeHHE.
T2* cToiHOCTH ca M3CIAEABAHM B HAYAJIOTO, Ha O-Hs
u Ha 12-us meceu. B rpynara, nekyBaHa ¢ amJIOAu-
ruH, T2* Ha chpIie ce moBuUIaBa CHTHH()HKAHTHO Ha
6-ust mecen ot 21,7+7,2 mcek Ha 28,2+7, 9, p-0,007
¥ Ha 12-ms Mecell JonbIHATENHO Ha 28,3+8,0 Mcek,
p-0,03. [IpomsiHa B KOHTpOIJIHATA TPyTa HE € HAOIIO-
JlaBa, HO C€ YCTAHOBsIBA pa3liika B CTOMHOCTTa Ha
T2* mexnmy asere rpynu Ha 6-us mecer: 28,2+7.9
Mcek KbM 24,7+7,8 mcek p-0,03. M3BoabT: ue amiio-
JIIYH, 100aBeH KbM CTaHAAapTHATA TEepaIus ¢ Xela-
TOPH, MOKE J]a Ob/Ie HOBA CTPATETUS B TMPEBEHIUATA
Ha OPTraHHO YBPEXJaHE OT JKEISI3HOTO JICTIOHUpAaHE,
0COOEHO B ThKAHH, KbIETO HABIIM3AHETO HA JKEJIC3HHS
HIOH € CBBP3aHO C KAIIUEBUTE KaHAHN, KAKTO € B ChP-
reto (37). B momenra ce npoexxaar 11 u 111 ¢aza na
IpyTH Be ipoy4uBanust Amlodipine in the Prevention
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