swmumﬁffﬂaﬁuaugitﬁ

o % 6 1
Iﬂix‘i n13 ﬂ’ﬁﬁﬂ‘]ﬁﬂ L‘.I.l%EI‘U Lﬁﬂﬂﬂ’l‘a’ﬂ'\d'\%‘ﬂ ﬂdﬁﬁiﬁlﬂﬁiﬂi%ﬂ‘iiﬂ‘izﬁ’ﬂd

{ & a 6 % a
nisnnnlsadlalnadnuirsnounisndné

Tag

WaY. §181 82ITT0
mm%mgﬁmamﬁmzu’%nﬁw ¢

b’ =% Q 1
ADLZULANYFAIERNT NRIINYIRULT I RN

& L5
Ld39 ﬁu’[ma N3LA anaanay 2554



TynnLaafl MRG5380098

51 ﬂaﬂuﬁﬁﬂaﬁuaugstﬁ

= a P o Ly & ! A =
Iﬂ?dﬂ'ﬁ MIENWLUIULN EJfIJﬂ']SY]'K]"I%‘IJaﬁﬁﬁl'ﬂﬂqiﬂiuﬂiiﬂizﬂﬁqﬂ7]']37’]7] W

= a 6 s a
Tsaalulnaduuisnnunisndné
A comparison of cardiac function between fetuses with

Hemoglobin Bart's disease and normal fetuses

e):;
[nad

W.EY. g7 N0IITH Warulasans
A v A v t:!l =1

AWN. TIZ NOIRY #NILNUINW
q9NA mﬂ%ﬂgama@im:u%nm%m

AMUANEFAIFENS NAINLIRY L%UGI‘VE&]

aﬁfumi,uiﬂslf,%'lffmmﬂmzmmmiq@uﬁnmLLazﬁwﬁTmmﬂamuaﬁfmgumﬁfﬁ' ?)

@nunlumsuibduvesdise ana.uszand. ldndudasiudioiaualy)



UNAALD

SHalasanIs: MRG5380098

2 = P o o & !
%a‘[ﬂix‘m'ﬁ: Iﬂ‘i\‘]ﬂq'ﬁ nadIsumn Elllﬂ’lﬁ“ﬂ’]d’]%“lla\m’ﬂﬁm’l‘iﬂluﬂi‘in‘iz%’nd

myndulsadlalnadunuisnnumsndné
BawNIVBUATANITWNEY. T8 R0ITIH

mﬂ%mg@ma@‘i‘uazﬁnﬁﬂm

ATMUANYANENT UWIANLIRULTLI N
E-mail Address: suleuwan@med.cmu.ac.th

%'xilu'!ﬁ"l‘[ﬂi\‘]ﬂﬁil 11 4 100w

o = 1 e A . a a 6 :’
ANNAN: fah Tei, M1Inlsadlulnadunusn, mMInuIvin



Abstract

Project Code:

Project Title:

Investigator:

E-mail Address:

Project Period:

Keywords:

MRG5380098

A comparison of cardiac function between fetuses with

Hemoglobin Bart’ disease and normal fetuses
Suchaya Luewan, MD.
Department of Obstetrics and Gynecology, Faculty of Medicine

Chiang Mai University

suleuwan@med.cmu.ac.th

1 year 4 months

Tei index, fetal hemoglobin Bart’'s disease, hydrops fetalis



Executive Summary

A v A A = a 1 a a =1 a 6 I3 a n:ll I
Ladammasiilsinanssiia udrderfedlulnadunni Wusfiasuussnidu
swguaImIianzwnh madstiavesmaniuand  uazdudusingrildunsen
A Aa ¢ & A A o v v o & aa o S8 A
LRUTINNATIN I UN HUAZANLE DANRIARDA LA BNFL AN RIRyNawAfan IR
o I { LN v 1 d =) J Q
anuindueangfnmanirasnzunindaunds 9 fenafiadu  MITRaRaTITI0
€ & A A =~ @ Aa >~ a A
nnluarididweiesilanililunisdansasmimanniienuidssgiluninialaianans
mﬁmﬁiwiﬂaﬁuuﬁwé’uﬁﬂﬂg&msmaﬁﬁﬁﬁ]dfﬂriauﬂaa@ TagaawuanEM LN AaNaTT
WAIANNTNIMEY IR W lale auiuﬁqmﬁama:ﬁ'ﬂmwmmnﬁﬂ%ﬁmluﬁq@ Tag
= Ao & A a ° o a a & &
mydnATingdssdiieszlmlumaihausesialansnlsadlulnadunninluassd
o o ¢ A a & ~ = o a A a Aa '
MIUNINIIIRANTNGAAWFDIAENINeS lagtFouifisunumandnd Selauudigawia
d' & = a 6 1 A o > d'n na:l'
lumaniidulsadlulnatuuiin  wiazdnisvinnuzasnilandelnansnansnaalalay
A o & = & = = A A ¢ o [ & A
ARWLFLIAAWIADS  NIANENTRNIANEIEIAIEA Hlaun1TIe T80T TGRS
= 6 a dai & ] d' 1 a A a 6
Lam@awLaa?naamimm‘mlums:ﬂuamwLi.luc;]Lam@amim@mirﬂiﬂaIwInauumsw
& 1 \ =< o & A v a aa o A &
21gaTIdaglutg 12 G 22 dland NnTuyinmienaitadoneunneafinounnomans
VAINLIRETolral 32N Qumﬁuﬁf 2553 019 Au1Ad 2554 ANIINIWATIAN LGIUNIT
ATIVARULRLIAOWLRDINIRYA 152 318 NAWNIATIVINIRLNOWARDALALITLANZ T UL TN
A A A & aa o ' v & ' A oA
wie ziReamuazfianinluasid aneanIanaiiedy ueldidu 2 ngw fa ngun
Wulsadlulnaduwunsniiwiu 50 g LLa:ﬂa;uﬁVLmﬂuIiﬂ F112% 102 578 WU Iuﬂﬁjuﬁ
Wulsadlulnaduwunin e vinnIaadisadnisinantaasdssinnivinauaasiala
@ e A . A i Al a o o 2 & ' [ Aa
Moa1anih Tei Daduanlrlwnirdsziiwnisinnuwsasidlalag@nunalusiisanizni
NMITULAZNAUAIVAINAINLHARALD  EIINNITIAAIARWLELIAONIADT @I T k67N
(ICT + IRT) / ET

® Isovolumic Contraction Time(ICT) @ szuzimFugaveIndwisf Uil
WaIRNIT18HY mitral valve IUNIzNITVTARULFL9T1 189 outflow tract W38

e UL NNAARMITUAIVAINEINLIHDR ba

® |sovolumic Relaxation Time(IRT) D ITHLIANFUFAVDIATULTEIHU outflow
L a a A a o o A o o | o \ . A
tract AwNTeNI ulaawisatn g lUwalavasansdaeinu mitral valve w3

S ULNNAAUNIARNLAVBINA UL AR 9

® Ejection Time (ET)  f8 3202IaNINNAVBINAMFLINH1W LS outflow tract
A & A A o
wIoIzuzIANInNaN b lunsiuan
=2 | | e A . £ A ] | A 1 Ao o @
nnmsdnswod aasft Tei geulunduiidulinannningudnfadisfituddyng
/a A d QI o IQ ~ L 1 { =
80id (p<0.05) Fvwanuiauinavhaunfadndluvesilalunguiidulie lasifiaan

a & ! S = o A e L A a o
MINNIBVaIaN ICT sﬁﬂﬂw'—]ﬂﬂ\‘ﬁzﬂzl’aﬂ'—]wnﬂﬂuﬂ’]iu‘l.l@']iml;’]a’]u’]uu’]ﬂmuLNaL‘ﬂE]UﬂU



1 a d! =3 =y a o £ dw a =1 > v p.l' 1
nqudnd  Semneislsininwmshauseanduiteialalunstudldiusiwenazas
A ' o o A oA @ [ ' ' o & o o °
WWaaruldgndwfaauaslngiieldgioisnzdrs 9 vasseme naudianaladasinnmm
v A £ o @ £ a A o A A A A P o o
WHNIANNINTY s Iwnwulwniaunazdualliisinatnanazduiiaanaananvalale
A o A a A a A & a -
Famanaunikaiiaannsimsnlsadlulnaduunsnaziiaiig hypervolemia afiySun
S ' ~ & d ~ a a ' v & .
a9 lusamaiuannis iwaiiudSanmeandanlusinme  asnudsunasvas
A 2 a £ o o A oA a £ 2 9 o 2 . A o ., A \
LROAFILNNU m‘la@laaguamaamwumnw TR WIWI Ao UL T UM RILF D AN
116 TaanszuzwniawmIaanaals9 ki swnlas §aunsdsstiwnmsvinauaasndtale
JLHZNIARLA I@ﬂ@mﬂﬂﬁm%m@awLaa*?ﬁauﬁ'ﬂa mitral Wae tricuspid ANEAFIU E/A
wui’]vl,;iLL@m@haﬁmwd’mﬁmaaﬂ@w medﬂmiﬁ’m’mmaaﬁﬂﬂ@mmﬁaﬁagj el e
Aamzialane #3a congestive heart failure N lRMsvieuvasrilansdemazivuas
% [ g: 1 Iq/ o = J | 1
ARNUAILE IUNINNA  UELEAIDININR LA wrEnAw I wnInaUawaIda N1 TaU
= = o \ & & A & o &

MINIATIADINNMIANEIN I UTIIUINVBINITAIATIA Aatwangeyid 1222 Flanwd
wazaEInlnnuaInINgs Ao MIuaasuaIn1IZLINI mina:agﬂ"l,ﬁ’h faunaziniig
wlangrIanivinawtasnilalFalgnIinad  NMINTaluasid  walaazyinaunin
a X \ [ A e o oA ' & A a A o
W nlastanizlurssniznstuadasiiszosnnwuiintaniazinistuaives

o & o o A A Ad a A £ . LA
nautitandlaldusinalunsfuiieandySunanfsn@duain hypervolemia lunssdiiaa by
§997872619 9 lagdnngnisfaziieaiudiousnuesmsaiassn  Sousadlidnine
o A . o v & A A o Aa A a
A% Tei mmmmuﬂmﬂmmawalumsmmaamwmminwwiammamgﬂumsm@
mazurvinnlsadlalnatuuiinle  lagsnansarinlaisiasus 12 slany Lﬁaﬁ'lvlﬂzj
nMInTARInunaunaaasa Ll



U
LAWY

1. ANNFEIAY AN NPT YRINTIINITIVY

o A A & A o Aa ’~ A o & A
Tyamaraiile Lﬂuiiﬂwnﬁﬂwa@wﬂawuqﬂssu AdaNuRaUNGlwMIRILNALRALAS
Tgmisagilfifianzde danaunindandamivinnusesszuuas 9 meluseme ana

o L o a o A A 2 a A A A A
;mmLLazaﬂHmwaﬂsmwuﬂwumaﬂiﬂmaasmm FINRA LTI Iﬂmuﬂmummakﬂlu
ﬂﬁjﬁJLLaaW’]ﬁ’lﬁ\Tﬁ%Lﬁﬂ MlmAaN1IzFauNLazuINEn  HaUNIRNALRTIANI IIZHI19MT
AINTINLAZHAINAAN FIWNANIZNUGNIANYNIALAANMIZUNINTaU LU ATTALTUAE NN
a a A o A & o @ A Aa a < & =
HaUNA  anLRaaradInaea smLiJumm@;mmymadmﬂ,aﬂmmlua@limmin Uszinelnowui
mnw’qﬂ"uaﬂiﬂ@iauﬁwmﬂ ﬁm%’umjuLLaaWWmé’aé’ﬁl,ﬁslwu"l,@i”mnﬁq@slumﬂmﬁa Tauwuing
Uszrnsndluwneiosagas 9 LLa:'ﬁfaﬂﬁq@lumﬂW MIaTINIRYNanARBAIITINNT

UNUIN IWNITRAFIWIUNIINLAA MU N T 1l TR HIRINAAaNIIRADATINIAAAIIZUNINT D

o P a v
Bk ¢ NANNINNIE

ﬂﬂsm’sﬁﬁﬁ]imiauﬂaa@ﬁﬁmuﬁﬂuﬂaﬁ;ﬁu mummﬂuﬁmmsgﬂﬁw VI NNTLANSTU
g 4 o = o o o @ '
WETA MTNZINA NMSLANZRANRIURLAD TIUANIZWNINTOUAINARINTHIRADNTLTW NNT
o A A Aa & o o o =< aa o A =i '
W9 WIaMSNLELTIN LDuaw ﬂaﬁguuumsﬂﬂmmimqmmmﬂauﬂaa@m@mmLammams
AINIINRY LTW NNIANET DNA 2a9N13NaNLRaaL m‘sm’méﬁmﬁmﬁmmmﬁgaﬁaé’amw
¢ & A ad A A \ & o aa o A 4 =
719% LHuAnATnieNIzTiNInIIAanTa eI naaanIInluasIANImzuivinncdaln
mynlsadlulnaduwunsn snemenIINUININGINa lann walala dansinwIavadnallutad
@9 gluieme adhetles 2 dunibs 1w Fasrias aiuiala wia daten anzuIhem
de d' ? ol a a adAd o dd' 1
wanNRlanEmzaITNlanaznw  sahdSunaaaad(1-4) luadaddvinlunsdinasianyi
ﬁ@mwLﬁmmumqmﬁﬁmmlﬁa y3a IulsIne1uaf lRIN1ITaiNNIaT9 3 Rasana w8 aa be
u,azﬁhumﬂﬁ'ﬂazﬁﬁaﬁﬂﬁ@aumﬂqﬂ‘ssﬁmﬂ $¥30 MINTNIZLINEININLEDY A9 ladn1IdNEN
feanwaemadfswudadds 9 3meaaed RazaansahantisinanuLng lwng
Taduuazduansaciaunsonuldasudergasiives 9 1w wlalaann1sda cardiothoracic
. . L . = svg; ]
ratio (CT ratio) N131@ANNURAWIVBIIN (placental thickness) (4;5) mmmmm’m"l,@mlmmq
A337 12-14 sUdawt lwnnemsndainsdasuudainiedlalawia anunitavadfonndas
. . = £ = o o ,
(viscosity) aAad LABA AALTIUK MIATIIANNLIIVBINT AL LR A LR AL IG AL
=< = o ° A Aa a
ﬁ]Z‘UE]ﬂﬂdﬂ’]’s:‘li@]vl,@@LLﬂ:ﬁﬁ@ﬂiﬂ‘uﬂ3J’11]§$quﬂGﬂﬂ%ﬂ’]i@]ﬂﬁ]@]@@ﬂﬂﬂ’]iﬂﬂ‘ﬁ@ Tagi3ua1n
msanelunie Rh Isoimmunization(6-9) tiasannmsnidudlaulnaduuiinniuaziniigda
a &£ . v &R = o Y Ade A A A a
AANAa% L3I HNITURAIANHIALININNTALAY  Azdalnallfouudaimsinaiun
A o A ' Ao o v A o & o =
Noaludwioauaddns 9 lagamwiz  wenanhdilnsltaanFainaniaaiinanuiims
TnadsuvasdufoanfunusnunzTauaimIniuassfite  msiadn peak  systolic

v A A A £ Aa A A
velocity(PSV) lulduiian Middle cerebral artery (MCA) flazfiengsaulumsnifinizda

6



Nonuiinny s 85 wazANNLNNENTEHaz100(10) NTATIIARULFLIABNLADS LIALF
\HaauasnRessiny (splenic artery) lagadanannsl@edInULEwIAaa Middle cerebral artery 91
o v A A =< A £ o & A g a
ARITNINIIANWUWANNINDY WUINAN PSV azgumuluwﬂsﬂwLﬁuISﬂ(11) #aNANHHI
=2 & g A A o \ ~ o A A
nMsAnERINITAINasaauNazinn s lumayad hlunisaansasnimsnluasAng
dl ] a a 6
anugssgedalindlulnaduunin

P = ~ a v A A g ') o @ . '
lumsnnzda aslimafamslnaiswvaasuifeaiive lliRosaioiedamars 9 lal
' & ' & o ' @ A £ ' { ' ~
Taztlugnes daunuante Ludu sINalRan PSSV IANTL  NaunazaIIawuininsing
AMNLIIAZANULTIVDINIT AR LR WL RO W 307822 AaNHs  NIIYNITUT IR LRI N
a & A o a A = = v A ~ @
USumannain anunslunsdiuad Usuimiiaa wiaauis: PSV sadiduiaanaanainwiala
o a & ¢ [ o ' ' x> ° o a o
AFGaINNAWONYN  DINANHIAAINENNFINA R L urinawAanzilanyg . wie
nautitaRaladuInal(cardiomyopathy) leadnisanswumsifsuudainsinanusesillaves
m‘mlumsﬁ Iuiwﬁlﬂu Intrauterine growth restriction, preeclampsia %30 fetal anemia an
alloimmunization  lagisziinniIvinaiuaasnanuiiand e lursndnisduuazaasad Usuias
A d' U L A d' di = 6 A nq’ a d' 3; s
I H AN MaTaan®I RNURUHLURIIINNNTATIINAWLFDInaNLRET USRI MMARR laninwiAa 1a
v > ] . . né { o o
ROILUUNUAN (atrioventricular valve)(12-15) Fanmsfsuudaimsvinanusesillalunnie
A9naINNLAAINNMTA  cardiomyopathy  @atIunentamWuULGEIABALAIZUINYNNLIA
a a 6 [ d' [ 1 ai a J ] a a a 6
Flulnaduwunin  anwaensdfswudasasnanniiadwinaziialunsnlsadlulnaduwuiin
diy danwaTrdsdasnansulioufisumainueesiala (lesdaananad) vesmanlu
e & a PN & a A o A ' o A ' a a '
avsnnduwlaglulnaduwursnidSouifsununnin@inandisnuna ki I@wawmg’]m’]
o @ A = A A & ' A o , a v A
nsvhuzasmlamsnidulsedlulnatuuisnazunnsaswlasaglunimsndnd  ddianw
wanensnuadelnedamaz lavinmydsfivisleiniamwaasmsamnamsinuwialazas
MINIATIA NNITLUEN TAAINETD LmzmmL'ﬂu"LﬂVL@‘Tﬁazmmﬁs:qﬂﬁlﬂumaﬂﬁﬁﬂ@iavl,ﬂ
wyansUsziiuwmIrinanwid laminluassdienaiudszantanlumstisiianysinny
ANBUENIIDRATITIIUUN LAAN BN AR TE é’m:doNalﬁawuwsnmiaawuvlﬁL%aﬁaLL@imﬂq
aviivas 9 azmanInnaniisamsiiaamaiaavidadsnaunsealunenuiidudiaude
a a & V@ gy & ) e 1o & @ o @ A
Tsaflulnaduunsn waon lidansmetsrannaaanaan i nduwdadinnannis sau1Iataan
Mlunanlanwmeddass  Mldaedannmsudmisnnzunindendn 9 Afiennvaanis
=3 1 U A % % A % a A
numa@mlﬂjmmﬁaauﬂizmmmaammg‘lumimuquLLazi’JaanuIiﬂLaamwmammmm
= g A o a & & o ¢ A & \ Aa
1%m3ﬂmmmaanmmsﬂs:mumiﬂlumsmmzmqmiﬂ 12-22 gUan¥ wiasannuilusiend
aa Qs ¥ [ = ‘l/é :/ Qs v
TowlumsideaslsefuinnitlusznasanddmsnazlomIuaninTalawla)  LasaanTn

%

%ﬁﬁ]ﬂﬂvlﬁﬁ’l HNNIATIRNWUSNNNILATNYDINITATID 5&@]3’1%’1’3@?@’1&]‘3%’3’@]5



HRIWILNLNLIDBY (Literature review) Lazlana15919d9

A a A o 6 . 3
mim’mﬂaummmmngamlwaamsﬂlumm (fetal echocardiography) "lmgﬂ
Walwunnin 20 1 iNedsslamilunisdssiuialanmsnluassmidasdn nalasizie
mIvnnasszuU nadulaia  lagadunaiaainaIw M-mode, two dimension
imaging LAz pulsed Doppler technique lunmsdszifiumsvinaulusisnmsiuuazaaaan
MNTINITAID lwInninede  USinaataandianlunizuaifanas luinaanasia
o o A o a ° a £ A a a A 2 =
ANNABINITVAIDILIZAN #2199 TNNIVNNWIANTL NN LS INa TV aATINNID T
=) =Y { QI z v Q v Q { qI/ 1
USU1 I aNTLAWNLN LYW IF LN LIWONUAMNG 8INTTURITBIZDUNITIINY
T 1995 Tei uazAmz(16) lA¥NLauadITia The Tei Index W38 myocardial
performance index (MPI) NlTUszifiunsvinausesnalatinalsnaiie cardiomyopathy i
L & oA & x> ¢ A A ° @ o ' A
Q’Lmy ﬂvl,(ﬂ&lﬂ’lillizquﬂ@l&l’ll‘ﬁﬂﬂﬂ’]iﬂluﬂﬁﬂ otz iunsnyinauaasnalavassnenia
ventricle(16;17) lagladinmshunlgadisunsnaransdinsnlatluasss  ansendanae
6 &, a A = o ] dll a
RIS IR TLY mamiﬂuma:mlmwUﬁnﬂmm@;@m 9 Lwaﬂizmuqmmwuazwmmtﬂsﬂ
289N INIWATIN(13;15;17;18) T 2001 Falkensammer, C.B Uazamiz(13) lavinnsysziiiu
{ Q 3‘ U QI g/ . .
Tei index VAINIINIUATIANTANMZHAAMLNLINEN WUINTNTIANTUVAY Tei index
PR IaINITILLAZUN
Ao o A ° @ A A & o
HANINRINNITUTLAWM TNV laUARLFLINaNLRATAINIINIZNNT
fuuazamoalzadala laun13asiaiaNédunid Ventricular outflow tract @8 pulmonary
artery (PA) LRz aorta UaNHIMINNWINT193991zm 30U Funsd atrioventricular
valve fa tricuspid valve Wae mitral valve ATUANDINITYININWIUTIITINIZATAR LA
2u814 cardiac output U89 % laReIa19INIFRIT4
Y 1999 Lam,Y.H. uazamz(19) levinnsdnen cardiac blood flow 1 m1snlse
glulnaduninlutisengassd 12-13 §andk wudt Pulmonary artery uaz Aorta-PSV i
. o X _ Cme o e . _
mgwmwﬁaﬁmnwmmaacard|ac outputa eIV AL TULALINUT 2008  Bigras,
JLUuazamz(20) levinmsansinieinuafnissaaniaaslunisndaann alloimmunization
. S A L ; ;
WU Aorta-PSV ﬁmgwummﬂm (P<0.06) lupaueh M IiUAeuulasn PA-PSV uaz
pulse Doppler U84 atrioventricular valve faudaziinsansivadsaiinnsinauzesnala
6 J o ) % a = a 6 o A
minluasidannauludagiv uagnsunsdssiwlwnsnlseflulnaduunsn - g9f
miﬁn‘mﬁau‘*ﬂ’wﬁamm:mwaﬁﬂﬁdu'ﬁﬂmuﬁﬂayﬁﬂ'ﬂajmmﬁmwa 1$4991NNIN 1T
= P’ & o o o @ ' A wme & o ad
glulnadnunin ‘WUVL@Uaﬂiuﬂszmﬁ"lmslLLa:mLﬂuﬂfymmmyaglmmzu ERHORORRVLE
= 1 n::l a dl t:i Qs a o a A a 6
anwdalNuiGuNatngINUNTU Sz I IIwsasralansnlsadlulnaduunsnle
AT MmN NI TN WIWINTINNNAaNTadLasARIauINnauaaae ozt lomd

@iﬂﬂlum*;muquLLa:ﬁaaﬁ'uIiﬂLﬁa@ﬁmmé'a%l,ﬁﬂ



>

2. agilszavAzalasonis

A = a ° ') & ' A =
WWaLLFaUAEUNNIYN I wY IR LT adniInluassAssninemniidulse
SIuIﬂaﬁuuﬁﬂLLa:minﬂﬂaﬁmaqlma:ﬁ 12-22 §Ua% lasaduen Tei index LAZARWLEE

AawLaa3Vay ventricular outflow tract

%

3. sz igulsIvY

ada v

a =< A A 6 . .
gﬂu,um 28 NIFNBILDIATIIEH (Cross-sectional analytical study)
dszrnsuaznguaiadng

Uszzm1ng

& &a

am’%é’aminwLflugjLfﬁm@iamiﬂkﬂﬁiwiﬂaﬁum%ﬂ mqmsﬁ12-22 U N
UIN1IATNRLAAUARAAN TW. AW TITUATLTUI RN AL T34 qmmﬁ'uﬁf N.¢1.2553

£9 Suf 31 Swan w.a.2554

4 (%] o 1 . - -
INUMNNITARLRBNAIDENS (Inclusion criteria)

¢ <

& & . { ' @ >3 '
1. am‘%mmiﬁmqmmﬂ 18 1 ﬁﬁmqﬂﬁn Jue 12-22 sanian il I@ﬂmqmiﬁlw

=

a
d' Ced o =} U (2 Qo A % %%
ARNALARAL 1@ piUIINUszdAausaugar mgnmama:vl,mummuwim HNIIATIOA

' = &
ATNTIIA RTIATILINVAINNTAIATIA

2. am’%é’f\imiﬁlﬂu@;LﬁmmaﬂiﬂLﬁa@ﬁmmﬁa&ﬁmﬁmaav’\h nMINTaNAULFIdAalIA
Flulnaduunin nnszuiumsananansadlsaliendnsamdiioa1835 PCR (SEA
type) 138 HPLC %38 IEF %38 IC strip (alpha-thal1 screen)

3. RUIIDNTIVAAANNIWNIZNG bTUNIATIIRAdeAanasaa N luasssidulse
a a 6 A v ad 3 ) n:q’ dy . . .
Flulnaduuninvsala 283513619 9 1% NMIATI9TWIHRATA (Chorionic villous

. A A A .
sampling) %38 N13LATLRARILREAD (Cordocentesis)

¢ > 1 Q/ 1 . . -
INWNNIIANBDNINNNANAIBLT (Exclusion criteria)

1, ﬁﬁaﬂavla\imuﬁm waz ldwunrradon wia linunandiassrasmanluasss
(= a ndll A g’ t:i a = a
2. minluassdianuiadnddu 9 wanniaanazuiuihfiiiaanlsadlulnads
115N
v ¢ A Ao o A A | o a
3. NANTIATIINIDRATITIIN W3 ANNIA LAINNARWLTLINaNLRT LUTALANI AN

AMALARERIBNITIA LT1 KUTDIRW FILRUIRT YNV BININ A TS AV I aa LT waw



wu'mmjuﬁ'msha

NMIUIUUWIAA DL
§019 N=(zA/2)2P (1-P)/d?
N = PUAAIDENS

Z02 = danaspuiiszduanandediu Tasnsdnmitldeduanuifesuiosaz 95 =
1.96
P = dntlszanmannlwasmslddl PsV a9 duidaauas aorta (tHasanslud
mM3an09aN 910 Lam wazame 1) 1999(19) W‘IJ’J'”Iflﬂ’ISLﬁ'N%uaﬂﬁdﬁﬁﬂﬁ’]ﬁ@ﬂ’]d
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N = (ZOR2)2P (1-P)/d?
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% A a A > o dy > % (53 1 A A 6 o
Jamzninsdunaznansalvasnaaitenila laannnsiadiaawRainaniaas Aulu
ldan (1CT + IRT) / ET
® Isovolumic Contraction Time(ICT) @8 Jz8zlImaUgATaInawEnIN lala
#9819 T8H% mitral valve IwNT=NITNTARWLF9GN MU outflow tract
® |sovolumic Relaxation Time(IRT) D ITHLIMNTUFAVDIARULTEIHU outflow
tract IuNITNI BuAaauFssd lgen luwalarasarsdnenim mitral valve
. . . A & A a A L%
® Ejection Time (ET) A9 TepzANINNABIARWFREINHW LYY outflow tract
N30 ATIIAARWLFLINDNLADS U Ventricle USIItUT086852 W34 anterior leaflet
289 mitral valve AU outflow tract b apical five chamber view las sample gate a9

VIR NULLWIVDIARILRE] @Ngﬂ‘ﬂ 1

Inflow
.\ IC J | e
ﬂ\\ Outflo
p_—

gﬂﬁ 1 LRAIAILAINTING sample gate L left ventricle WAz diagram LRAINITIAAIENS
) @A Isovolumic Contraction Time(ICT), Isovolumic Relaxation Time(IRT) LLae Ejection

Time (ET) 3MnAWARBIFIAaNIRET

a . & \ de o o °
2) n19U9213% Ventricular outflow  1Jumsasiam e fgunusnun s uuas
nauienalaludsmizniinsdunazaane@l (Systolic waz Diastolic)
® The peak or maximum velocity (PV) f8 ANUIIFIFAVIARLFES
® The time to peak velocity (TPV) D TzU2IAAILAALTUAUTDIARILFE
= A = < A A
wdIMNNIuANUETIFIFATIARULFE

® Cardiac output (CO) @@ YSunaudaaneanainviala duwrmann
CO = 3.14x (D/2)2xVTIXHR
D Ao L§WIL9VBY pulmonic ¥3a aortic valve

The Velocity Time Integral (VTI) Ao NuNlanTWUaINNUSIARULFE
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aorta WLz pulmonary artery
IIMIa Ascending aorta Twialu longitudinal axis view 284 left ventricle LLas
Pulmonary artery 1#41@lu short axis view 18119 Sample gate TRuMUALWUIARWLTE S
2.2 Ventricular diastolic function Humsianduiesaaniaasndunieuas
mitral valve L& tricuspid valve laslgdn E wave fa rapid filling phase of diastole L8z A
2 . . . =2 .
wave A8 flow velocity of atrial contraction 33403 E/A ratio
IMIa 1@l Four chamber view lagl# interventricular septum YWIBNUUWIAR
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2. Lﬁuﬁaymﬁaaﬁu (Identification data)

3. v‘hmsmmé’amwmwﬁﬁmﬁuﬁaga parameter 619 §AidaINIANL lasrAdsuaz
ALY ﬁw’mmmmu?’%mimmL‘ﬁaammmammmﬁaumn;ﬁmn lagrimsaTianeniin
Ha9e89I9T19AN08 3.5 1930 5.0 MHz 1310389880 7197126 Voluson E8 (GE Medical
Systems, Zipf, Austria) 1unﬂswma:ﬁaa’3'@@iwm 9 ¢991 Tei index an¢N Isovolumic
Contraction Time(ICT), Isovolumic Relaxation Time(IRT) ez Ejection Time (ET)
Ventricular outflow 91161 peak or maximum velocity (PV), time to peak velocity (TPV),
Velocity Time Integral (VTI), dimension of pulmonic i8¢ aortic valve YDILFULROA aorta
sz pulmonary artery saTmstauvasiale doldiian Uszanm e3989 1 $alug

NANELNG)
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. MIATIINAWEDINOWIADS inadtalunaazgnimualiien thermal index uaz
mechanical index 11}.”9gli’l,ummeﬁﬁﬂaamﬁmiamsnhmsﬁ o temperature 1 896N
waSos Taafi AIUM (American Institute of Ultrasound in Medicine (1997) fnua 139
gansarh lduuds 50 wiilasd temperature < 2 ssrmaidos ldagrslsanioaanisn
luassad

4. famunanInInas lesumiiesuneunsan Waduduinminluassfidulse
Flulnaduuinrsalyl

5. a@l%é'?amsﬁnmﬂm:vl,ﬁ%'umi@LLamwmmgmﬂﬂamaaﬁmphﬂmsﬁ 159WenLa
YA TUATLT B MY

6. ﬁﬂﬁa;&aﬁmmm‘imezﬁmaaﬁa

v

353av1zHBYR (Method of data analysis)

laglfiaTasnaniiinasuazldsunsudniagy (SPSS version 15.0) lun1siemzi

@ o @ A

faAnusaNIEhalan P < 0.05
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ANNNIATIVDAAINTIIGLN AU TR WA TN U IR AN IN A IIA NInaa 152
1 1 Aaa [ v & 1 A ] ai & a a 6
18 mmmLLmﬂQaJmuwamimamuﬁmﬂmﬂu 2 Nau Ao mgumﬂuiiﬂaiuiﬂauum*m
U 50 NeAalusasay 32.9 LLa:ﬂq'aJﬁ"Lw'LﬂuBﬂ FuIn 102 8 Aavlusasay 67.1
= oA g a & a I A ' '
sﬁaluﬂ@‘m 2 % NaNIO NI Und way iuwnzlsaidaaarznsuaain lagwuinng
Un& 31wI% 27 518 AadluTasas 17.8 was bWNIRe 1w 75 318 aatlludanas 49.3
dﬂ/
aNANWIW
u o9
~ A & @ A = & & ¢ < o
DLARUVDIRFIAIATIANNNTUNIATI e 28 1) Taiunsasnssiasausn sae
Az 34 mqﬂisn‘T@ﬂLaﬁﬂmaaﬁaaaoﬂﬁju Tiuanden fa Uszanm 17 sl I@mmjuﬁ
\ulsa a1gasifiade 16.9+3.11 dandd Tungunladulin engevifiads 17.6+2.77
U Yauar 38.2 1UMIAIATIAATILIN

'Y A o =
ﬂﬂyﬂﬂn’m’ﬁﬂﬂﬂ’l
Tei index

1 d' o A 1 d' a o % = a g; '
Anaduves ariluazdnlElunsdsziivmaihnuesiale Wisuifisuniseangy
AILRAILUANTIIN 1

Std. Std. Error p value
Parameter | Diagnosis Mean Deviation Mean
ICT Bart 8.85 4.584 .64837 | 0.000*
Nonbart 6.09 3.022 .29932
IRT Bart 8.52 3.906 .556252 0.176
Nonbart 7.70 3.220 .31892
ET Bart 32.03 14.357 2.03052 0.090
Nonbart 28.61 11.823 1.17066
Tei index | Bart .53 .083 .01187 | 0.001*
Nonbart 48 .074 .00735

A1919N 1 ugesnaidIs e Isovolumic Contraction Time(ICT) Isovolumic
Relaxation Time(IRT) Ejection Time (ET)uaz Tei index lunguiidulsaglulnaduunin
ﬁunéuﬁvlmﬂu (*p value<0.05)
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NnuamsAnaznud feait Tei lunduiiulsaazganiinduinlaiulse (0.53

WAz 0.48) agalini A Iaia (p<0.05) laadn Isovolumetric contraction time (ICT) 1w
1 I { L 1 { I té 1 { o e 1

ngudulsadianSoudisuiungufiuln Seld1ade 8.85 uaz 7.70 muday wudilu

nauiidulsa dergindradnediioiAyneaiid (p<0.05) eEjection time (ET) lungw

\ulsadidnannningulaidulse udlidindaynisaid lasednisovolumetric relaxation

time (IRT) §n3 Wasuulaaisadniesasuaadlugui 2-5

o " a ¢ = P o &« ¢ o & . A &
‘Yl’m’ﬁLL‘LlG’JLﬂi’lzmﬂuﬂﬁg&maﬂ I@Ulﬁja']q@]3§ﬂl,ﬂul,ﬂmsﬂ [NAP ﬂq&l"ﬂ 1 aqq@ﬁﬁﬂ

12-14 FUAR §147% 34 Y LLﬂaLﬂunajuﬁLﬂuIiﬂ F1% 19 8 uaz hitdulsa :1wn

15 318 mjuﬁ 2 mqﬂﬁﬁ 15-17 UAH §147% 18 Y LLﬂaLﬂuﬂﬁjuﬁLﬂﬂiﬂ U 6

o uaz ladulse $1mau 12 e LLa:mjuﬁ 3 mqﬂﬁﬁ 18-22 R1AN% 911421 100 318

LLﬂaLﬂumjuﬁLﬂﬂm 31w 29 7o wae ladulsn $1wauw 71 1 wuiﬂumamqﬂﬁﬁ

> f o ' .. & ' @ o A aa
12-14 oW waz 119 18-22 FUlanw ¢ Tei index gelinatsfiiudAynaaiia laidu

' { a & Vo a a & & ' o A e o
NANAT ICT MNNTL W6 @1 ICT LIULANTWAIUE 8’154@133512-14 ﬁ‘ﬂ@ﬂﬁf LLGIfI%EI&’WﬂE].IU

(2
2

maaﬁamu@imﬂqﬂsiﬁ 15-22 FUA AILRAIIUAITIIN 2

GA 12-14 wk GA 15-17 wk GA 18-22 wk
(n=34) (n=18) (n=100)
Mean +SD | P value | Mean +SD | P value Mean +SD P value
ICT Bart 6.90+2.558 0.054 | 9.51+1.757 | 0.019* 9.72+5.480 0.000*
Nonbart | 5.65+3.068 6.40+2.272 6.17+3.143
IRT Bart 6.84+2.508 0.410 | 10.66+1.560 | 0.111 8.95+4.521 0.095
Nonbart 7.80+3.568 8.33+2.823 7.58+3.218
ET Bart 26.99+7.716 | 0.560 | 39.46+6.053 | 0.007* | 33.11+17.250 | 0.115
Nonbart | 30.57+13.543 28.43+6.984 28.13+12.065
Tei Bart 0.50+0.064 | 0.006* | 0.51+0.035 0.708 0.56+0.093 0.001*
Nonbart 0.44+0.057 0.52+0.089 0.49+0.070

AN 2 URAINITLLUIBULNBUAN Isovolumic Contraction Time(ICT) Isovolumic

Relaxation Time(IRT) Ejection Time (ET)uaz Tei index lunguiidulsadlulnaduunin

nunguinldidu lugisangasardens o (p value<0.05)
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31 2 Scatter grams L/3puLABUeN Tei index 3zniNINGY

ﬂ&juﬁ"lmﬂﬂsa lutsangasad 12-22 dand

milu lsaglulnaduunin uas
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gﬂﬁ 3 Scatter grams \UTaULIB VAT Isovolumetric contraction time (ICT) Szwi’]\‘imjuﬁl,ﬂu

Tsaglulnaduunin waznaud lidlulse lusi9anaa33a 12-22 sUaw
9 9
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gﬂﬁ 4 Scatter grams 1UTaULNIB LA Isovolumetric relaxation time (IRT) iz%’h\‘m&ju‘ﬁlﬂu

Tsaglulnaduunsn waznaun lidlulse lusr9anaa33a 12-22 sUow
9 9
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Abstract

Objective: To assess the effectiveness of Tei index in differentiating fetal Hb Bart’s
disease in pregnancies at risk in the first half of pregnancy

Materials and Methods: Pregnancies meeting the inclusion criteria were consecutively
recruited to the study. The inclusion criteria were as follows: 1) singleton pregnancies, 2)
gestational age of 12-22 weeks, 3) at risk of Hb Bart’s disease, 4) confirmed fetal diagnosis
of Hb Bart’s disease. Fetuses with frank hydrops fetalis or fetuses with chromosomal
abnormalities or structural anomalies were excluded. Tei index was performed and
immediately recorded before invasive prenatal diagnosis was performed.

Results: Of 152 fetuses, 50 were finally proven to be affected by Hb Bart disease, and the
remainders were unaffected. Mean (+SD) Tei index were 0.48+0.07 and 0.54+0.08 in
group of unaffected and affected fetuses, respectively. The mean difference was 0.05
which was statistically significant (p < 0.001). Likewise, mean (+SD) isovalumetric
contraction time (ICT) in normal fetuses were also significantly different from that of
affected fetuses.

Conclusion: In the first half of pregnancy, Tei index in the fetuses with Hb Bart's disease
was significantly higher than that in normal fetuses implying that Tei index may be a novel
useful and non-invasive tool for early detection of fetal Hb Bart’s disease among

pregnancies at risk.



Introduction

Homozygous alpha-thalassemia-1 or Hb Bart’s disease is one of the common health
problems in South East Asia(1;2). The affected fetuses are usually lethal. Furthermore,
serious maternal complications are often encountered in pregnancies with this fetal
disorder, including severe preeclampsia, dystocia and postpartum hemorrhage associated
with enlarged placenta. It is therefore essential for early diagnosis and termination of
pregnancy before the presence of hydropic changes. Although invasive procedures such as
chorionic villous sampling or cordocentesis are gold standard for diagnosis, sonographic
diagnosis currently represents the mainstay investigation for such fetuses since it is non-
invasive and highly effective(3-5). Nevertheless, no any sonomarker is perfect and new
non-invasive technique is needed to be sought for. In condition of myocardial workload
secondary to anemia and hypervolemia, fetal cardiac function of affected fetuses may be
different from that of normal fetuses. Abnormal fetal cardiac function may probably be an
early subtle sign of fetal anemia due to Hb Bart’s disease before development of hydrops

fetalis.

To quantify the changes that occur with ventricular systolic and/or diastolic
dysfunction, cardiologists have used the Myocardial Performance Index, also known as the
Tei index that is named after the investigator who first reported these relationships. This
index is computed by adding the isovolumetric contraction time (ICT) and the
isovolumetric relaxation time ( IRT) and dividing the result by the left ventricular ejection
time (ET). Several reports support the usefulness of this index in evaluation of a variety of
fetal disorders(6-10). However only a study by Chao et al(7) was involved in evaluation of
fetal Hb Bart’s disease. In fetal anemia, the fetus increase cardiac output to maintain tissue

perfusion, leading to greater cardiac workload. In early phase of fetal anemia while no any



sonographic sign appears, an increase in cardiac workload may be subtly present. Change
in cardiac function may indicate fetal anemia before development of other obvious
hydropic signs. Chao and et al(7) measured Tei index in 30 fetuses with Hb Bart’s disease
in the second half of pregnancies (20-42 weeks) and compared them with age matched
normal controls. They found that fetuses with Hb Bart's disease developed an abnormal Tei
index earlier than overt cavity dilatation and impairment of systolic function suggesting the

potential role of Tei index in early detection of fetal Hb Bart’s disease.

However, Tei index measurement for prediction of fetuses with Hb Bart’s disease in
the second half of pregnancies is less clinically helpful since the other songographic signs
of hydropic changes usually become obvious. To our best knowledge, the effectiveness of
Tei index to assess myocardial performance in differentiating affected from un-affected
fetuses among fetuses at risk before hydropic changes has never been studied. Therefore,
we conducted this study to assess the effectiveness of Tei index in predicting fetal Hb

Bart’s disease in pregnancies at risk in the first half of pregnancy.

Materials and Methods

This study was conducted at Maharaj Nakorn Chiang Mai Hospital, Department of
Obstetrics and Gynecology, Faculty of Medicine, Chiang Mai University. The study was
undertaken with an approval of the research ethical committee. Pregnancies meeting the
inclusion criteria were consecutively recruited to the study with written informed consent.
The inclusion criteria were as follows: 1) singleton pregnancies, 2) gestational age of 12-22
weeks, based on sonographic biometry in the first half of pregnancy, 3) at risk of Hb Bart’s
disease, both of the couples were a carrier of alpha-thalassemia-1, based on PCR for
Southeast Asian type, 4) fetal diagnosis of Hb Bart’s disease on the basis of either DNA

analysis of chorionic villous samples or fetal cord blood analysis with high-performance



liquid chromatography. Exclusion criteria included 1) fetuses with obvious sonographic
signs of hydropic changes such as ascites, pleural effusion or subcutaneous edema, and 2)
fetuses with chromosome abnormalities or structural anomalies other than Hb Bart’s
disease. Before chorionic villous sampling or cordocentesis, standard ultrasound
examinations including fetal biometry, anomaly screening and Tei index measurements
were performed and immediately recorded before invasive prenatal diagnosis was
performed. All examinations were performed by the authors, just before prenatal
diagnostic procedures, using a real-time scanner with GE Voluson E8 (GE Medical
Systems, Zipf, Austria), equipped with a transabdominal curvilinear transducer of
frequency 2 to 5 MHz. The Doppler tracings were recorded during fetal quiescence over 4—
5 cardiac cycles. Measurements of Tei index were obtained by placing the sample volume
at the outflow tract of the left ventricle to obtain the aortic and mitral flow simultaneously.
Valve clicks were used to identify the closure and opening of the atrioventricular and
semilunar valves during the measurement of the time intervals. The speed of acquisition
was either 50 or 100 m/s. At least three consecutive waveforms with high-quality were
measured. Tei index is defined as the sum of the isovolumetric contraction time (ICT) and
the isovolumetric relaxation time (IRT), divided by the ventricular ejection time (ET):

(ICT+IRT)/ET (Figure 1).

Baseline demographic and obstetric data of the pregnant women were also recorded
digitally at the same time. The stored data were analyzed for a comparison of Tei index
between fetuses with Hb Bart’s diseases and normal fetuses, using the statistical package
for the social sciences (SPSS) version 17.0 (Chicago, IL). Quantitative analyses were mean
and SD when the distribution was normal and median and range when it was not. The
Mann-Whitney U-test was used for quantitative analyses. P< 0.05 was considered to be

statistically significant.



Results

Over the study period, January 2010 and March 2011, 152 fetuses at risk of Hb
Bart’s disease meeting the inclusion criteria were assessed for Tei index. Of 152 fetuses,
50 were finally proven to be affected by Hb Bart disease, and the remainders were
unaffected. Mean maternal age (+SD) in the group of unaffected and affected fetuses was
28.35+5.94 and 29.50+5.30 years, respectively (Student’s T test, p > 0.05). Mean
gestational age (+SD) was17.66+2.78 and 16.94+3.11 weeks, respectively (Student’s T
test, p > 0.05). In the group of fetuses with Hb Bart disease, mean (+SD) Tei index were
0.48+0.7 compared to 0.54+0.08 in group of unaffected fetuses. The mean difference was
0.05 which was statistically significant (p < 0.001), as presented in Table 1 and Figure 2.
Likewise mean (+SD) ICT was also significantly different between the two groups as
shown in Table 1. However, IRT and ET had a tendency to be increased in the affected

fetuses, no statistical significance was observed.

Table 1 Comparison of Tei index and its components between the group of affected and

unaffected fetuses

Normal Fetuses | Hb Bart’s Disease
Parameters Mean Difference P value
(n=102) (n=50)
ICT 6.097+3.023 8.850+4.585 -2.753 0.000
IRT 7.709+3.221 8.521+3.907 -.8116 0.176
ET 28.617+11.823 32.036+14.358 -3.419 0.121
Tei 0.486+0.074 0.537+0.084 -.0508 0.000




Discussion

Fetal cardiac function can be assessed by various Doppler indices of atrioventricular valves
and semilunar valves for systolic and diastolic function. Tei index is one of the most
common Doppler techniques used for such a purpose. In 1995, Tei et al(11) presented a
simple and useful tool to quantify the changes that occur with ventricular systolic and/or
diastolic function. Tei index values are well correlated with those of invasive measures of
systolic and diastolic function and can be used to determine prognosis in patients with
various cardiac disorders, which is not dependent on cardiac geometry, heart rate, and
blood pressure(11-15). Recently, Ichizuka et al(9) reported that Tei index was a useful tool
for the assessment of fetal cardiac function in a variety of sick fetuses such as TTS, or
hydrops fetalis. Likewise, Falkensammer et al(8) demonstrated an increase in Tei index in
fetus with congestive heart failure or hydrops fetalis. Chao et al(7) firstly reported
abnormal Tei index in Hb Bart’s hydrops fetalis in the second half of pregnancy, 20-42
weeks of gestation. Conversely, this study focused on fetuses at risk of Hb Bart’s disease
before development of hydrops fetalis, during 12-22 weeks of gestation. Our rationale was
based on the fact that diagnosis of Hb Bart’s disease after mid-pregnancy is not clinically
problematic since the several sonographic signs of hydropic changes are usually obvious
and readily to be diagnosed whereas our concern is early detection of subtle changes in
earlier gestation, when no other signs of hydrops have occurred. Therefore we focused on
the first half of pregnancies to determine whether Tei index could differentiate affected

from un-affected, among fetuses at risk, or not.

This study strongly suggests that abnormal myocardial performance (Tei index) in

response to anemia and increased cardiac output as well as hypervolemia occurs very early



in gestation before development of hydropic changes, signifying that myocardial function
is very sensitive to fetal oxygenation. We hypothesize that functional myocardial response
to anemia has developed long before morphological change that could be visualized by
ultrasound. Presumably, Tei index may be applied to assessment of fetal ventricular
myocardial performance in fetal anemia or hypervolemia due to various causes other than
Hb Bart’s disease or in any condition associated with an increase in the cardiac afterload,

myocardial hypertrophy, and diastolic dysfunction due to heart compression.

Previous studies have established that the ICT is an important index for the assessment of
systolic function(16), and IRT is an important index for the assessment of diastolic
function(17). Interestingly, ICT was significantly longer in affected fetuses while the IRT
was not, though tended to increase as well. This is our new insight signifying that fetal
anemia and hypervolemia may predominantly effect on systolic function. ICT may be
mainly responsible for an increase in Tei Index in early stage and this may be an

independent indicator for fetal anemia.

We previously reported that cardiac function in fetal Hb Bart’s disease in early gestation
does not associated with increased preload in spite of hypervolemia but increase in cardiac
output without deterioration of myocardial contractility or congestive heart failure different
from that in cardiac disorders(18;19). However, based on this study in early fetal anemia
while the fetuses maintain good cardiac function in spite of increased cardiac output,
myocardium show some degree of increased workload by increase ICT and Tei index.
Therefore, we speculate that this may be fetal physiologic adaptation to cope with anemic
state or increased cardiac output rather than pathologic ventricular dysfunction as mostly
suggested in literature. An increase in Tei index in early stage may be not a sign of cardiac

dysfunction, just a good response to hemodynamic overload.



Based on our findings and previous studies which imply ability in differentiating affected
and unaffected fetuses, Tei index may probably play a role in clinical application in early
detection of fetal anemia in pregnancies at risk, especially when combined with other
parameters such as middle cerebral artery peak systolic velocity. Additionally, Tei index
measurement is relatively simple, and angle-independent. More importantly it is
gestational age-independent in most studies(8:11-13), though it was slightly change with

gestational age in some reports(20).

The strength of this study include 1) the large sample size of pregnancy at risk and the
number of affected fetuses, and 2) a prospective nature in which the examiners did not
know the diagnosis at the time of ultrasound examination. The weakness of this study may
include bias in the measurement of Tei index. The measurement was not completely
blinded since the examiners, who were highly experienced in sonographic diagnosis of
hydrops fetalis, could visualize the morphology of the fetuses, especially mild
cardiomegaly on ultrasound imaging, though cases with frank hydrops had been excluded.
Morphologically, the diagnosis of Hb Bart’s disease in such fetuses might have been

anticipated. Additionally, interobserver variation among the sonolographers was not tested.

In summary, the Tei index and ICT of fetuses with Hb Bart’s disease was increased from
early gestation before hydropic change occurred, suggesting that they may effectively
differentiate affected and unaffected fetus with Hb Bart’s disease among fetuses at risk in
early gestation and this might be a new clinical diagnostic tool for such a purpose in early

pregnancy. However, the effectiveness in clinical application is yet to be elucidated.
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Legend

Figure 1 Diagram of Doppler waveform representing the calculation of the left ventricular
Tei index.. Interval a extends from the cessation to the onset of mitral inflow and includes
the isovolumetric contraction time (ICT), the ejection time (ET, the duration of left

ventricular outflow) and the isovolumetric relaxation time (IRT).



Figure 2 Error bar chart of Tei index (A) and isovolumetric contraction time; ICT (B)

values showing mean and 95% Cls of normal fetuses and fetuses with Hb Bart’s disease

Figure 1 Image and diagram of Doppler waveform representing the calculation of the left
ventricular Tei index; Interval a extends from the cessation to the onset of mitral inflow
and includes the isovolumetric contraction time (ICT), b or the ejection time (ET, the
duration of left ventricular outflow) and the isovolumetric relaxation time (IRT), Note:
arrowhead representing valve clicks



Figure 2 Error bar chart of Tei index (A) and isovolumetric contraction time; ICT (B)
values showing mean and 95% Cls of normal fetuses and fetuses with Hb Bart’s disease
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