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Abstract

lron overload is an important complication in thalassemia. Recently, magnetic
resonance imaging (MRI) technique has been successfully developed to evaluate iron status
in liver and heart, which are common target organs in iron overload. This study was a part of
the multicenter clinical research conducted by Asia Pacific Iron Academy (APIA) MRI Network
to evaluate clinical application of MRI for the assessment of iron overload in thalassemia.
Ten thalassemic patients were recruited at Naresuan University Hospital between October
2014 and July 2016. Seven of the patients were transfusion-dependent thalassemia. Three
episodes of MRI study, at least 6 months apart, were performed in each patient to assess
iron status in liver and heart. Level of iron was calculated using software developed by Siriraj
Hospital, by converting MRI signal to liver and cardiac T2* value in millisecond (mSec). Liver
T2* value could then be transformed to liver iron concentration (LIC) in milligram per gram
of dried weight liver (mg/g dw). Serial serum ferritin was obtained according to each study
episode of MRI. Among 30 MRI studies, there were 6 with normal LIC (< 3 meg/g dw) which
had ferritin values ranged from 279 to 572 ug/L, 2 mildly severe iron overload (3-7 fng/g dw)
(ferritin 1,046-1,214 pg/L), 15 moderately severe iron overload (7-15 mg/g dw) (ferritin 381-
3,902 pg/L) and 7 severe iron overload (> 15 me/g dw) (ferritin 965-12,936 ug/L). There were
three patients with discordance between ferritin values and LIC demonstrated by MRI. No
patients with cardiac iron overload (cardiac T2* < 25 mSec) were found in this study. There
was a statistical significant correlation between LIC from MRI and ferritin [ = 0.813 (p <
0.01)]. There was a negative correlation between cardiac T2* and ferritin [ = -0.538 fp =
0.002)). By direct assessment of iron overload within target organs, T2*MRI could bring

additional benefit upon serum ferritin in clinical practice.
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T5angIUIAUMINEd B ASANLNIABNSEA UINASTIUNSuagUIsdadiisifinnzmantiy
Wivindentuaariunisummdduilugiinaede-uUdin Tneindets APIAMRI Network 2
fliduuziiuasunisifiunm T2MRl Tnglfiaies MR fifegudalulsameuia antuazvhnig
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AFANTUN5IY
35N (Material and methods)
Uszensuazalagig

R o g a v o1 a 9 °
1JEU')EWIEJﬂ'l'JngaﬂLﬂUL‘U'ﬁ'JilIﬂﬁ\'iﬂTi 3t} I'ﬁ\i“l'fﬂ']U'lﬁﬂJW'l’J'V]EJ']aEJULiﬂ'li 74U 10 518

PnNauatulasinisandandy 971U 500 519

nsfndangiiantid1saun1sdnen (subject)

inueiAALi18181E3RT (Inclusion criteria)

pthelsnendadiiio laun homozygous beta thalassemia, compound heterozygous Hb
E / beta thalassemia, Hb H wag Hb H Constant Spring a1¢glsiviesndi 8 U filnmzmaniiuie

A8 UNISIANNIEMANLALY

InaMin1sAauenanddias (Exclusion criteria)
1. lLiwiulavseliugeudniulasenig
2. lilEunsauszdiumanadudunaziilasinnisii MRI
3. lidilafasuisihudoyavnenain
4. nilnsin
INAI9IN1500UA91M91UI8 (Discontinuation criteria)
Tunsdifigine (u3afunazes) bidesnisiisamlasinisiferely waznsdiifliondafiuay
uldignsonsivsele 'L&Jﬁmﬂf‘ffmL‘F{aﬁﬂﬁﬁﬂwmﬂumami'm MRI vinnldanansnyinnisnsia MR
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wEuAnaeRiiavesmegua uasamswiiovesiie Tunsdfiaeiifewnsudenyniiou uind

arafinsanieaulssdiunanisinyivesninduieilidesiuiden deyanisussiivinanulaun
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Ussiiiussiusmuidnluile uasmnnsunsndousin q Afnnnumdniu nieuilinisinudeya
ﬁugm%sgn‘nmm‘luﬂ%uinﬁl,%l"lﬁ"nuiﬂﬁﬂn'li Mnuaziinisfianudeyanisngiananie n1snIe
el {URANS uasnsianl T2MRL Wuszezaiuanuiivsesnvdtgua Tnansvic T2XMRI
srRvsavilusseznaminiulidesndt 6 ey

T2*MRI un1svi MRI Adusagsiala Ussiiussduammanlaeld software fildunsvian,
NANLIMBAENSASTITeUa Tnsulasdyanauimantii Wud  cardiac wag liver T2*
fimieluiiadiundl (mSec) dwmsunisussdiusumantudu annsaudasan liver T2* uan liver
iron concentration (LIC) fiwireniu fiadnsumessmmin denduveailofuuuy dried  weight
(me Fe/g dw) (5U71 1 uaz 2) TnganunsanwiessAuauTuLSaINIEMANTUAINAY cardiac T2*

Y

wagsEau LIC g4m15199 1

JUA 1 pm T2*MRI veaiala waznisudasdygasimanlviiindue cardiac T2*
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UM 22 v T2*MRI 99300 waznsulas ﬁgauu'lmLLumé‘n'Lﬂﬁ%ﬂum liver T2* uag liver iron

concentration

q{ ] o = 1 & LA . .
N1 19N 1: n‘rzufu\mmummqumwmm’amﬁﬂLnum'mm cardiac T2* Wazszay liver iron

concentration

Cardiac 12* (mSec) LIC (mg Fe/g dw)
Normal T2%5 25 LIC<3
Mild < T2* <25 3<UC<T
Moderate 10 < T2* < 20 T<LIC<15
Severe T2%2 10 LIC > 15
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NAN13IY

‘n*uiwﬁﬂaamé’a%l,ﬁaﬁﬁﬂmums%'ﬂm a L5angIU1aumINeNdeuLIAIs 38NI9 anau
2557 §ia nsngax 2559 $1uau 10 518 fUag 7 518 10 transfusion-dependent  thalassemia
1591599 MRI Aifutagiala veiuaeataeyn 6 ey sngas 3 A% ¥nsnzdentilonsaa
5zaU ferritin AUAlUAUNTNTIO MRI luusiazasa 99nn13A599 MRI $11u7u 30 AS3 WUNMSATI8 MR
A LIC Tusssuund (< 3 me/e dw) 319 6 A Tnoilssiu ferritin 279-572 pe/L, LIC Sudi
JULTIURY (3-7 me/g dw) 2 ada disudu ferritin 1,046-1,214 pe/L, LIC ssausussadinas (7-15
mg/g dw) 15 A%a di5Eey ferritin 381-3,902 pe/L uag LIC sssiuguusann (> 15 meg/g dw) 7 ads

= o

152AU ferritin 965-12,936 po/L %’a;ﬁ;auamﬁ'@miwﬁ 1

cJ s .t ] </ . e . o l‘:
A1319N 2: 380U serum ferritin WUIn13158AU liver iron concentration 210 T2*MRI 9914734 30 A9

LIC (mg Fe/g dw) N Ferritin (ug/L)
Median Range
Normal (< 3) 6 323 279-572
Mild (< 7) 2 1,130 1,046-1,214
Moderate (< 15) 145 1,451 381-3,902
Severe (> 15) i 3,089 965-12,936

fthedwlngilszdu UC 2 MR fusiusedu feritin (Uil 3-6) odalsin wugfae
3 590 fiilseau ferritin wag LIC laiduriudi lnadiihe 1 918 fifisedu feritin WWies 381547 pg/L
uisl LIC sesfuguussuiunans (Uil 7) gthedn 1 1 flsedu ferritin e 965-1,508 pg/L ugisl LIC
sefuguLssUunatsuieguusenn (57 8) luwmsiidfiaedn 1 510 fisedu fenitin geda 1,214
1,709 g/l udsiszdu LIC sunsaipsfiouuseunas (Uil 9) ivuithediinngammdniauly

12 (cardiac T2* < 25 mSec)
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LY 1

- 2 P o % 5 & =
U 3: fegileniiseau Liver iron concentration 910 MRI ag’l,umzufﬁﬂﬂm (2.4 mg Fe/g dw)

duiugnusza ferritin (279 pg/L)
LIC = 2.4 [2.3 2.6] mglg dw | Offuet (ExpsC)

SUT 4: fedngthuiiiszdu Liver iron concentration 970 MRI aglussduzunsatas
(7.0 mg Fe/g dw) duiusfiusgau ferritin (1,046 pg/L)
LIC=7.0[6.383] mg/g dw  Offset (Exp+C) ~




sUl 5: deeegfthefiisesiu Liver iron concentration 910 MRI agfluszdusussiunans
(8.4 mg Fe/g dw) duviusiiuseeiu ferritin (1,451 pg/L)
LIC =84 [7.589] mplgdw  Offsst (ExpsC)

UM 6: pthar{thofiiszsu Liver iron concentration 370 MRI agflusgAusulsenn
(29.9 mg Fe/g dw) duviusnuszau ferritin (3,089 pg/L)
LIC= 299 [22.6 35.1] mg/g dw Offset (Exp+C) ~|

12



gﬂﬁ T: ﬁqadqqﬁﬂqaﬁﬁizﬁu ferritin 1#ien 381 pg/L Wil LIC szaujulsslnnats
(9.3 mg Fe/g dw) ldduiusiu
LIC = 9.3 [8.3 10.5] mgig dw | Offset (Exp+C) ~

gﬂﬁ 8: ﬁaadﬂqrgﬂqaﬁﬁizﬁu ferritin Wigd 965 pg/L uadl LIC szAUIuLIRN
(16.6 mg Fe/g dw) Liduviudiu
LIC = 16.6 [15.1 18.1] mg/g dw | Offset (Exp+C) =
40

35
30
25
20
115

10
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gﬂﬁ 9: ﬁqaéﬂaﬁﬂuaﬁﬁszﬁu ferritin £ 1,214 pg/L uadl LIC szdiugunsnian
(5.6 mg Fe/g dw) liidusiusii
LIC = 5.6 [5.0 6.1 mg/g dw | Offset (Exp+C) ~

o U £ s o — ] e o w - ey 2
seiuAn LIC fiaudenndainuszau feritin agnsiibdAyvisada [ = 0.813 (p < 0.01)]

(gﬂﬁ 10) 58#UA" cardiac T2* fimaidenndasuuunniuiu feritin [r” = -0.538 (p = 0.002)] (‘g'dﬁ
11)

9ms1E T2MR1 Tunsiaeulsgdiunmzwaniulufinesdadidatetldiunsine
Tngmsbideniiudszd Swdvertuman taslildsudemiulszdn Tnansnsasfinniu T2*MRI
vn 6 o 52 3 ats stere fhodnlmgiinaiiturieanaswesssdu LIC 990 T2*MRI duiusiy
2AU ferritin agalsia wudUae 2 s1e fimsanawuaziaturesszsiu LIC lideandesiusedu serum
ferritin Tnogftan 1 10 fisimsanaswes LIC Tuvasitszdiu serum ferrtin laifinswasuutas (e
i 2 lumsail 2) QU 12) waedl dhedn 1 518 Adnsdivtiues LIC luvsitsedy serum ferritin
anag (Qﬂqsmﬂ'ﬁ 8 lumsil 2) (gﬂﬁ 13)

' ] a 1 i 1 Aa
Linuansunsndaulndanmdniiulugiaens 10 s18 Tudiiidaany
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g‘lhfl 10: ﬂ’i'ﬁ"LLﬁﬂﬁﬁ'ﬂuﬁﬁquﬁgiﬂ‘iﬁqqd'ﬁSﬂU ferritin wag liver iron concentration

Ferritin (ng/ml)
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sUN 11: nsmluanInNudusiusssuingeau ferrtin was cardiac T2*
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= ot = i 5 A s s
AN 3: S¥AU cardiac T2* wag liver iron concentration 910 T2*MRI Wi UAUSEAU serum

ferritin Tun1snsiadaa gl 10 519 Y 6 ey IWILTILAE 3 AT

16

Case Episode 1 2 3

Number 1 Ferritin (pg/L) 3,089 2,314 2,514
LIC (mg Fe/e dw) 29.90 34,00 29.60
Cardiac T2* (mSec) 31.40 39.30 34.60

Number 2 Ferritin (ug/L) 1,090 1,568 1,046
LIC (mg Fe/g dw) 13.30 12.60 7.00
Cardiac T2* (mSec) 34.60 38.40 42.40

Nurmber 3 Ferritin (ue/1) 381 460 547
LIC (me Fe/e dw) 9.30 8.20 9.80
Cardiac T2* (mSec) 41.40 47.80 40.00
Number 4 Ferritin (ug/L) 3,505 3,293 3,902
LIC (me Fe/g dw) 11.20 12.60 13.80

Cardiac T2* (mSec) 38.40 48.50 44.70

Number 5 |  Ferrtin (ue/L) 279 291 312
LIC (mg Fe/e dw) 2.40 2.40 2.40

Cardiac T2* (mSec) 38.90 40.90 45.10

Number 6 Ferritin (ug/L) 1,206 1,119 1,141
LIC (mg Fe/g dw) 12.40 12.00 12.10

Cardiac T2* (mSec) 40.50 40.70 42.70

Number 7 Ferritin (ug/L) 8,765 12,936 8,282
LIC (me Fe/g dw) 40.00 40.00 40.00

Cardiac T2* (mSec) 33.30 31.00 29.80

Number 8 Ferritin (ug/L) 1,464 1,548 965
LIC (e Fe/a dw) 13.50 14.60 16.60

Cardiac T2* (mSec) 43.70 40.20 41.10

Number 9 Ferritin (pg/L) 1,709 1,451 1,214
LIC (mg Fe/g dw) 7.80 8.40 5.60
Cardiac T2* (mSec) 49.30 45.90 36.60

Number 10 Ferritin (pg/L) 572 572 334
LIC (mg Fe/g dw) 1.50 1.50 1.40

Cardiac T2* (mSec) 38.50 38.70 38.50




o Qs 1 2y o = = . = apa 1
g'tJ‘VI 12: mamdfﬂﬂ'}ﬁﬂﬁmiamawm liver iron concentration Tuvaz serum ferritin 1aifinns

|
wWasuudas

LiC= 13.3[12.1 145 mglgdw |  LIC = 126 [11.7 13.7) mglg dw | LIC = 7.0 (6.3 8.3) mp/g dw

LIC 19.3 12.6 7.0  (mg Felg dw)
Ferritin 1,090 1,568 1,046  (Jg/L)

= ar ] LR ol a al!} o % . si u T
UM 13: fednagUaoniinnsisin@uges liver iron concentration Tuvaiefiseau serum ferritin

AMNad

LIC=135 (1.6 150) mglgdw | LiC=148[129 15.8) mglgdw  LIC=16.6 [154 18.4) mglp dw |

LIC 13.5 14.6 16.6 (mg Fe/g dw)
Ferritin 1,464 1,548 965 (upg/L)

17
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nsAnduililudiunilwedlasinisdnvinuuananitu auilunislae APIA-MRI Network
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AMzwsndaung q eannzmaniiu muingUszasivasnsdnuvivanld aeelsid nsAnudes
Fuiliiinguszasdanzdmsulasinisndniiuns a lsmeuiauninendeusms laedavindu
o = 2 o 2 a 1 v o =
wiauszliunsld MR Tumsasaiinnuanzsmuaniiulugihesidadiiie ununasaussiiy
Tngldan serum ferritin luriwujuitagtu dagilnlsmenuiaumine1duusaisanansaansesiu
wasgrunsquatiiesdadileiinnzmanfuliivinisuduaardunisunmdduilugiina
lLe-LUTHn
INHANTSANY IR liver T2F Faamnsaldaniiud LIC wag d1 cardiac T2* 99nA15%1
T2*MRI fimmaennasaiuseau serum  ferritin @ldiduniadiolunisfinaunmzsmmaniiu
Tungufiiadagiu Tavildelawiou serum ferritin nsal T2*MRI Wunisinszdusmmidnlagnss
& o as o s < g %4 ] ° Y o
luilaigavesedorzdrdgmiuidivunevesnisasauvessininan wazaiunsavinlviia
t24 [=3 a =1 [ iV = A s 5 ) B
amzumsngauvnuaniiu lesiivdngrunansbmiuingUenian cardiac T2* o1 llaniaganas
a v o o ) 2 2/ o r 1 aFa e o . =(6)
nmadewiinisivivesitlauagdesldeninuiialauinningdeniissau cardiac T2* Unil
di) o = [ LR o o = [
uana il T2*MRI Gadnunsansavuszliiunisazduvatammaniagiifivadndamilauny serum
g A ok =i o W v o s 20 )
ferritin  tMa391n serum ferritin ummmuwﬁLmqumﬂmaamauuaxnﬁimﬁaﬂ WagliA1 serum
ferritin vefisgaumgiaofervinnnzunsndeusinaniiuiidvauluaienyld dwandiiiuein
BUae 2 518 lumsAnwiagadl gihe 1 510 Tseau ferritin W 381-547 pe/L uadl LIC 910 T2*MRI
Tusgduguusaiunans fiedn 1 978 disedu ferritin Wes 965-1,548 pg/L uidl LIC 990 T2*MRI
Tuszdusuusaiunansauiisunsann waglunnssthn flhenisedu serum ferritin g 819kiny
= @ o o o/ LY LY Y] I V| = o Qs . =2
myarvauvenaniualszluszaunasnaaesiu asnlegalubiean 1 518 nilsedu fenitin gadis
1,214-1,709 pe/L winduilsedu LIC 90 T2*MRI Tuszduiunsadeefisquusadunanavinii
yinnsanyduilliwuiiheniinmzsmmaniiuluila (cardiac T2% < 25 mSec) ufivzil
MINTI9nY LIC 970 T2*MRI Tuszauguusannia 7 a5e lnefiAnisegnuued serum ferritin fis
v 1 o s i A o 1
3,089 p/L iy waasbitiunenafidadevaiugnssuuisedaidmunligiisneiinnsazauves
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quLﬁu*uaqqgrﬁmmmumﬂamuummwmmsqnmaa severe cardiac iron deposition 'Lug‘dm
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sl T2*MRI lumsiiasudseidiunnemaniiuludihssdadide Taonsnsiefinniy
T2*MRI 9 6 fiou 19w 3 A des1e wuddidine 2 19 finsanasanfinduvessedu LIC Ll
donAdetUTEAy serum feritin Mailtileann T2*MRI Wunsiassduamminlaensduilade
o9y Feilmanindefieninniy serum ferritin dafiunmsinssausiamaniagsaluieinie wasil
anuruwlsidgannniseniausagnisiuiden Judunisuansbiviudsslovives T22MRI Tunnsin
‘szﬁumﬂmﬁﬂlmﬁméa Faaedndriaues serum ferritin

naitniululasinsideveaniotis  APIAMRI  Network vinlilsawegnuiaumingias
uLsAIsANIABNTERUIATEIUNIuadihesdatidefiinnsmdniiulivindionfuaniy
mswmdtuhlugiiniaeds-uldiin Tnsin3etis APIA-MRI Network Wuglifuusniiduneuns

1 L4

s gv o o € & o 1 4 s
fiunm T2*MRI Tnglfia3es MRI flegdudalulsmanuia ntuazdiinisasloudayanmiiiovi

U

s

nswawa Wneld software Alasumavianduleludsyimdlnalasdisoneivia uasnievadugn
Tasans¥ieuas anadunserisizdinsegdalunanivilesdaddsluanamiionsua
lﬂ‘ v as = @ 1w L7 = ar

Aldsunsquavinlsawerviauminedeusasdely Jagdulsmeruanminerdeusasiiu

Tsanegurawvaielunniamilanauaienaiuisansiaddadannemaniiuaiamaila T2*MRI
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dyluazdalauanuy

A1 liver T2* &aanunsoudaadua LIC waz A1 cardiac T2* 99001591 T2*MRI a1y
2 ) s .. HAgqud A a g a a wa ar
donnaaanuszau serum ferritin @eliiluaTasdiolumsAanmuanzsmmaniiulunsljuiadagiu
Tnoildalduiou serum ferritin m3af T2*MRI umsinssauammaninensslutiisidovetaiois
drdmdudmuneesnsazauvessigumin uazauisavililianzunsndauainuiniiu
é’ et = = H 1 v [ ar =1 ot
wanaInil T2*MRI deanunsansiauseidiunisazauvessiawanlaslaiiivedndamiiouiu serum
“ye 1 ‘4 @t aa L7 i 1 1 =
ferritin 9&19l5AAL1I109990 T2*MRI mLﬂumimwmwaﬁﬁﬂﬂ%’mqu N1 LTNT199599
mnarlunsujiiiesduludnvaglddumasaiuduniendsinnsld serum ferritin agna
[~ o 2 5 «é’ :‘i = a s ar ::I‘ =l o &
WaALa? atiiiansadszidiuntsazauvessigmaniveiizdrdy Fuasdndrinves serum
ferritin
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