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Thalassemia syndromes are the most common monogenic disease and a major public
health burden in Thailand. The improvement in treatments, especially blood transfusion and
iron chelation, results in significantly increased life expectancy of thalassemia patients. However,
cardiovascular disorders remain the leading cause of death in both thalassemia major and
thalassemia intermedia patients. Notably, clinical manifestations and pathophysiology of
cardiovascular complications in both [-thalassemia subgroups are substantially different.
The major cardiovascular complication of thalassemia major is left ventricular systolic
dysfunction, whereas the major complications of thalassemia intermedia are pulmonary arterial
hypertension and right-sided heart failure. In this article, we review the cardiovascular
complications focusing on the mechanisms underlying these abnormalities in both thalassemia

major and thalassemia intermedia.
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Atrial fibrillation, Atrial flutter
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Complete heart block
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Pericarditis, myocarditis
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1. ineffective erythropoiesis WWae chronic
hemolysis 11 llgnnnzlatinansguuseisais

2. abnormalHb with increased oxygen affinity
(HbF) v lwifa tissue hypoxia
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II: Intensified blood transfusion:
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free ironTaiiuduasENINAgANNEIAWAN gL uUL
= A A ' ) )
AU Tunanaun wsanizana labile plasma iron
lugd Fe™ (ferrous iron) H1WLYNg cardiomyocyte
PRI voltage-dependent L-type Ca*" channel uLay
divalent metal transporter! (DMT1) ©2 %) sinuuianil
NNIATANTDUNANNINGARS subepicar-dium lnad
nnggzanLiy 3 g‘]JLL‘]_I‘U An ferritin, hemosiderin WAL
labile cellular iron (non-transferrin bound iron) (NTBI)
4 dae ' < ,
FalugiuunNdunenamaaNINNgn waTgn iron
chelator 4ulaaneiga >
Labile plasma iron azlilnszaunalnnisasns
reactive oxygen species Taanisldii o lipid
peroxidation Liin peroxidative damage malasaass
melugan 11w lysosomal membrane disruption
v TulN19Ma3 hydrolytic enzyme 114 l1tananadi
o ' a . a o A 49( A
unlilgniaiin apoptosis WAZIAANINATUHIUNUN
nanuewalatnd ® % il e AWl afazinlu
¢ X o - Y da oy 'a a o kt
nanileriladevunidusalug wazianisinluivin
(electrical conduction)iatn@ld@a dn1sunlnn
1189 WNANLE e9anani1sin A lalnul adanae
. o ¥ i d” ar = o <1 %
(arrhythmia) M lunanuiiaalatusoanag wiven

1INTU (muscle rigidity) wazauaialaln®

Cardiovascular consequence:
1. Thalassemia cardiomyopathy
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cardiomyopathy Lﬁﬂ\‘imﬂiﬂmmﬁm coronary artery
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1.2 Restrictive or diastolic dysfunction
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diastolic function 11U restrictive LV filling g4719 12%
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1.3 Primary right ventricular involvement
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2. Myocarditis
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3. Vascular involvement
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1 v
=| =

1 v
NO @aRuuI N1 Iuine smooth muscle relaxation Way

7
o o o

UENNY platelet activation Wagplatelet aggregation

b v
o =K

auaiun1sAILAN vessel tone kazUeeiunng
ﬂ@:éummmﬁmﬁﬂm A free heme Y8 oxyhemoglobin
FiAaanNTuAnIeTan LT AlA o auaaluALle
snaadile 11 NO scavenger Aallduiu NO uaz
¥inanel substrate Tun2a319 NO Y IMassin NO anad
LLmﬁﬂﬂ@: vascular dysfunction luéﬂfmmzﬁ’m%l,ﬁﬂ “6)

IR nEINL AT E NLAWYA I
endothelium-derived nitric oxide aAAY ANNNITRAAA
189 eNOS“" M3ONANI9ANNAY membrane
peroxidation Lﬁmﬂ’]:‘@;ﬁ\‘i lipid peroxidyl radicals
¥inluilssAMBNmN1senaes NO anas “© ¥inln
Anaifia arterial stiffness TnsfinnsAnmatiuguy
W‘le:“l,ﬁu%umm aortic stiffness WAL augmentation
index Wazn19NA endothelial dysfunction
brachioradialpulse “* LAZUANANNTENNLNNTANA
U84 brachioradial pulse wave velocity (PWV) Whag
flow-mediated dilation ® FeLAITIN19E vascular

dysfunction 434 luytaas A&

4. Arrhythmia and heart conduction abnormality
navsilawufindmyly ™™ Wuaazunsn
gauiguus wasinidedanle ialaanienaln
284 triggered activity ag reentrant arrhythmias "
Fannsazanteamanluimaanatuiiiaviala fidnwas
luasiianenaziTunaey I ylnsiinszugliin
luasianaenailigninin re-entry uazifinidu
fatal arrhythmia 1o © yananddalniinnranas
789 Na current ¥11913282198198901347 A action

potential dUa4LNA slow conduction WAy impulse

block IasiazwunInzalainuindsnazlanataaiia
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%:Lml bradycardia, prolongation of PR, QRS and QT
interval, second- and third-degree AV block, atrial
and ventricular extrasystoles, atrial and ventricular
tachycardia lnafigiiAn1sain1aiia ventricular late
potentials 94 31.5% AuWusiunaifia non-sustained
ventricular tachycardia®

AnnalniAenTedAe nnavmdniAuylnia
ANNALNET89 Na'-K'ATPase pump tazNa*-Ca**
exchange ¥lAn Ca® Inaniaas ananufinting
iflegeanwmaiiisannnisimanlddedansite ca?
nzﬁ“mﬂ?’] sarcolemma m@wﬁmrﬂgﬁmﬁ@ﬁq% (iron-
inhibited sarcolemmal Ca® pump activity) ﬁﬁvlﬂzgl
T A TSI SPPes

Atrial fibrillation Wiuvialaauindsvazaiie
ﬁwuﬁ@ﬂﬁzﬁm alu"umz‘ﬁl ventricular arrhythmia ‘Wuﬂﬂﬂ
NITUASNEABNNIAE N2z IME Niugzan Tuiala
mnﬂf;lm'quﬂwﬁﬂ%lviﬁﬁmﬂnﬁmﬁm complete heart
block wulsUasiy 50% wesgansdadiflefinma

wualawmuiadazneuany 20 4

B—thalassemia intermedia
B-thalassemia intermedia (T1) Wunquise
o o A Ao o ~
snaadlandarugularealsaszauliunan §
pnaluaeslafuiaenginanlungu ™™ Tnaasu

Yo v

eyt laiuidesueanan 8 giined © azwuniny
TAUAEDNN1UNUNANS (mild to moderate anemia) 3¥6
Hb sz 7 - 11 g/dl Bsunuls Saoudadlng
299n32AN UL NFANIIZIMANAUTULIININYTE
WAL UAUAINIBUINTBIN10ETA UazAND B8
nslafuiaan (°
¥ % A
nazunsnaaunisialanarnanniaanidy
A Aa Ao o ¥ ' a

awnnadedinndranylugilos T uanalnnisifia
TsatuumnaNiuNgN TM  3ufinanniozianiiu

IUNAN 2uENTI AzHAINTHLINIINETAUEENIN

AuaiTulunInadlafaaAuasnI1 TM WANAL
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1 F 7] - ~ 1 = ~
Wuwrgilagazininzlafinansag naaaoan A
A19Y tissue hypoxia wazntzlafinanedlulafy
nsunleenenaiiesnazeancuu nanedunalnuan
nanisinan1azunIngaung 1" Taavinluiin
ineffective erythropoiesis LarAN1IANNNITHATH

[~3 o \19/ @ ! a o (56) da/ !
sapmananarlaianasug et wanainiingy Tl
aziiAN1zuNINTaUNI9id lanaziaasaen i ung
“Q’]ﬂﬂﬂtﬂ@ﬂmaﬂﬁﬂqﬁﬁu (thrombotic complication)

TILANANS AN TM

wenB N Wi iR nnnzunIngauneiala
LASURBALABMA LY Thalassemia intermedia
1. High output state

finnsnwamuanaula TI & cardiac output
WnnUnATafeL#edmIaNnNIAIIA echocardio-
graphy®” Taefiiinann ineffective erythropoiesis
WAZ chronic hemolysis wanaNLinIsl HoF @il
oxygen affinity zgqLﬁlu%uﬁﬂﬁ;ﬁﬂwmﬂﬂ%mulﬁﬁu
e anng I 1931908 lavae vialnsengana
panTianTusre LA uasHAAA bone marrow
expansion LasiuLulaann extramedullary
erythropoiesis egaaAFeALAILINT UM ALNL
u‘ﬁvl,ﬂzg'qu high output state Nl’m peripheral
vasodilatation wag intramedullary shunt sznay
funaandanlu Tl funluufiazaenafann elastic

tissue injury ¥

2. lron overload
& a o oA A o ¥
nzwmaninululsasidatile Inalnsenle
1 v v v v d’ 1
naalauaaluanesy FaiFunnuazauguLselung

Tl azuasnn TM Alad intensified transfusion

3. Hemolysis-induced tissue injury
N1 chronic hemolysis inan1slanas free

heme wazauilsznourediannitaaLindanuag
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lunszuadaeain wldnsznunalnnisdniay d
NNINIANELAZAANITATIN nitric oxide N1 TUVAEA
WWRANARAY (vasoconstriction) @4L&3NNNTNBA2TA

a oA '
ANADA bIT9NY

4. Hypercoagulability

Free Ol-globin chainﬁl,ﬁumnmm;ﬁwm
B-globin chain flanasilsznauiu free iron Tunszua
{AeniliARann hemolysis T 1MIAin oxidative damage
rﬂlfﬂLﬂlmgmen@@rl,ﬁmﬁ@mm ﬁﬂiﬂ@lmﬂﬁlu%mm
negatively charged phospholipid Aiflmanaaads

%960 4|aenaUAUNITNIY

nsianTsudasazeaen’
endothelial dysfunction finnafnEwLn a0
intercellular adhesion molecule (ICAM) LLa% vascular
cell adhesion molecule (VCAM) uuLsn@@rqmﬂ’\i
NABALADA WAZHN17aAA9189 NO bioavailability
suaulniAnnsideaudsaneinlng (hyper-

(50, 61) X o o E
) UBNANUEINLINNRALABALN

coagulability
nszpulmniznguiunnau Inaanizes1ediagilon
= o ¥ o 0¥ & A A a X o
NgnARNINEIA INA AR AR LFUNNINTUNAY
NEARNIN B IAANISNIENgNNINTYE HN19ANEN
NUN1TAAANURN protein C AL protein S WATHNTAN
w84 thrombin-antithrombin complex NIENA
nsfnNINduanliuianINszauNalnnIIudesn
A Ql d’g (59) a :// o aaa o Ql
TR0 ReARNTNT  AnviedanulAzaanisdniauivg
AUANNNITA NT LIRS cytokine LA RITLNNT
ANIAL UAZNINILFUTAAAAIAAT1ITTA monocyte
WAz neutrophil WMNTLAWEIHIMAANIZIARALT G

1 v
PeRaUnFAnnanldan

Cardiovascular consequence
1. Pulmonary arterial hypertension
= =< o A
Nﬂ%‘ﬂﬂ‘]ﬁt’]‘WUWJ’mﬂuﬁ@ﬂﬂL@@ﬁLL@\‘i‘ﬂ‘ﬂﬂ@J\‘i
04 60% wesyilae TI Dawlun1azunsngeaunanig

19 aef lwlaFuiaen (non-transfused T1) uaziiu
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' '
a o

Tadenanfvnlignisiiia right-sided heart failure

a

' ]
o a

FaluawnndrAeynvinlia congestive heart failure

q o
¥ 1 1

lugthaenasil Taed LV systolic function lailanadia
U@ nalnniafiaiduann high output state Peresi
pulmonary vascular resistance(PVR) Lﬁlu“fu
%x‘iﬂ’]ﬁ‘l,ﬁm%wﬂ@\i PVR wlunaannuanenaln 1&?Lml
hypercoagulability, endothelial dysfunction, reduced
NO availability, elastic tissue disorder WWa¥ lung
tissue injury !
yanannigenaifadaaaaduniafinuaes
PVR VLL;LmI recurrent respiratory tract infection, chest
wall deformity, extramedullary intrapulmonary
hemopoietic mass WAL age-related diffuse elastic
tissue disorder AN AANIZIME AW IMIAR

interstitial pulmonary fibrosis'”®

2. Right-sided heart failure

TuRaf I ARINN1189N197 AN AUIAA
LﬁﬂmLLmﬂﬂm@;qLﬂu@zﬂmmmuﬁﬂﬁ right ventricle
yraminlumstiufaiedidenluvenivended
mwﬁ"uium@mﬁ@mﬂm%a WA right ventricular
hypertrophy Waz dilatation Lﬁ‘mﬂumﬂﬁmﬁm right-

sided heart failure AINH1A

3. Left ventricular involvement

Tyun1ey left-sided heart disease U84 Tl
Tudaawmi ™ nsuAesuuilasdifind uaed LV
diameter, volume Wag mass Lﬁn\l%umnmq: high
output state { diastolic dysfunction 1alne luny

Toyunaa4 systolic dysfunction®

4. Valvular involvement
= =S = o = al
AN1TANHINUN NITUUIFALATR WA LT 81N
[ 1
Wn1enawsialaf mitral annulus WAy papillary muscle

v

v
UINTU AINNIAILNITINA moderate valvular
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regurgitation ViaLnspTAnauRlasL laun aortic
stenosis %\‘1 wWunaann high output state, iron overload
uaz elastic tissue abnormality®” LAHANTENY
punnslsaBeulafinges mild sis moderate valvular
abnormality Sazlnaeeiinaudfty wnetauaan

angsnminansreslsrialanisuusaninaule

5. Vascular manifestation

N19¢ hypercoagulability Wwag hemolysis-
related elastic tissue abnormality ﬁﬂﬂzglﬂ’mﬁm
AILUNINTOUNUADALA B AR I HINHNY WU
NNIAANIIENABALRAAY AR UAZNITUQAADETAN
zﬁmaﬂm@j\i%u ?Qm‘ﬁvﬂﬁ fatal cerebral hemorrhage,
anginal symptom, ascending aorta aneurysm
formation LLa¥ gastrointestinal bleeding L‘WIN%H uan
anilnag elastic tissue abnormality ﬁﬂﬂﬁ@ﬁﬂﬂ’s}j
mnﬁmm@ﬁmém%@ (chronic leg ulcer) %lawuul@ﬂ
el Ti

‘qﬁﬁﬂ’]iﬂjﬂ’]ﬂﬁ@ﬂ’]@tLLVITﬂ%’ﬂ‘HVINMWﬂﬂ
Aenfingaulugaefilasunisiasiu uazialy
quaeilulasuidenasauaiie 20% wlefaufy
giat TM Rlesuidendaiuasefmuiion 2% Fau
s lmiaunUmaesnnslmaenlunisdusanisiin
hypercoagulability ”Lw;ﬂfmmﬁm%l,ﬁﬂ(e” Tnaniaz
naendengamluglsendaTideiaumainans
ER RTINS R TmﬂwwaﬂmLﬁﬂmﬁﬁ%uﬁﬂﬁmqmﬁu
(deep vein thrombosis) 40%, portal vein thrombosis
19%, pulmonary thromboembolism 12% Was cerebral
thrombosis 9% wananidanulunguitlufiannis
Hadnile WARTIAWLAINNN autopsy TABWL
AuiAenlunanaldenIunaLEn (microvasculature)
sastanuazaneslused lufannisidalnfvied

Tadedeala -
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overload AN intensified blood transfusion ‘LI’\MQI
heart failure S4sinfikans left-sided heart @awly Tl
ABNNY hypercoagulability NN A hemolysis
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1amnga uay right-sided heart failure Favtunnslmaen
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