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The Difference of Maternal Serum Human Chorionic Gonadotropin
(hCG) and Pregnancy-associated plasma protein-A (PAPP-A) between
Homozygous Alpha Thalassemia-1 Fetuses and Non-Homozygous Alpha
Thalassemia-1 Fetuses

Tongprasert, F.", Wanapirak, C.' Tongsong, T.'

Maternal Fetal Medicine Unit, Department of Obstetrics and Gynecology, Faculty of Medicine,
Chiang Mai University, Chiang Mai, Thailand

Abstract

Background: Maternal serum levels of free B-hCG and PAPP-A are correlated with
placental volume and placentomegaly is usually found in pregnancies with fetal Hb
bart’s disease. Therefore, we hypothesize that these serum markers may be higher in
fetuses affected by hemoglobin (Hb) Bart’s disease.

Objective: To evaluate the levels of maternal serum free B-hCG and PAPP-A in
identifying fetuses with Hb Bart’s disease among pregnancies at risk.

Materials and Methods: One hundred and forty eight pregnancies at risk for fetal Hb
Bart’s disease scheduled for cordocentesis at 18 to 22 weeks were recruited into the
study. Maternal serum free B-hCG and PAPP-A concentrations were measured before
cordocentesis, and the final fetal diagnosis of Hb Bart’s disease was based on fetal Hb
typing using high-performance liquid chromatography.

Results: Maternal serum concentration of free B-hCG was significantly higher in
women with fetal Hb Bart’s disease than those with unaffected fetuses (P = 0.018),
whereas the concentrations of PAPP-A was not significantly different (P = 0.184). The
median MoM of free B-hCG in the affected group was 1.38 MoM and in the unaffected
group was 0.88 MoM (P = 0.020).

Conclusion: At midpregnancy, maternal serum free B-hCG in pregnancies with fetal
Hb Bart’s disease is significantly higher than in the unaffected pregnancies whereas
PAPP-A level seems to be similar in both groups.

Keywords: hemoglobin Bart’s disease, maternal serum marker, free B-human chorionic
gonadotropin, pregnancy-associated plasma protein-A, alpha-fetoprotein

"Corresponding author.
Tel.: 0-5394-5552; Fax: 0-5394-6112
E-mail: fpunyath@med.cmu.ac.th



Executive Summary

1. anudAnuazinnaasilym

Isalafinangadadiile (thalassemia) Lﬂuﬂ@:mmmﬁ@ﬁmwﬁdmmmmqﬁuqﬂﬁuLl:uu autosomal
recessive %qwuﬁqﬁﬁmid@qmnium:mﬂ”l,mj NnanANEaLnG lun1sdansesigiuinadu (hemoglobin)
Imefinnsuangnetnadu (globin chain) Al ATTANT (M?rﬂmnﬂdwfiwﬁm) antpaad Hinrdwliannaag
nsdaasziasTnadu i liAansaiadaneaunslifitss@ninin  Wadeanuasgninae uaziinnny
Tatinangsnunn Tanlaninanesndailoivaeatn udazaialaaugulseuanseiu Tsalainanaodagiie

1indlnTnaduunsm (homozygous alpha thalassemia-1 %78 hemoglobin Bart's disease) ulsalaiinana

P

AiANNAMNTULININTgA [HasanmsnTiidulsaazuanseinisaausetlunssd Ingazlanisdnauianiny

=

i laguman inTiuansainisuania (hydrops fetalis) uazida@inaunnnnaie luilaqiiulsalalinanasdad
= a a I's g" o 1alaal o % =< 1 v a :// rdl 1 g" o o v a
Weatiadluinaduunsnildsllddsinm e ne Asnelifanissasesigolan uenainiideanarnliiie
FURTNELFABNITANNAIATIT A Aaenaelsznng 1w NazAssMduie N12AfeARATA LASANABANAIAREA
AetuN9IdadaiaunI1INAa ARl ANAAY TUN1IRAT R NNAN TNLAZ BRI ANLTASARTFIATIIIOY LAY
nsatladelildnsusenyaseriies dellnanseanlannsnnluFesnanguids lunsaiimsnidulsauazsies

a 4 P
gfinI9saAsarTansae

a4 oA a aa a a o A o PP a s a -

Auiilasannendaimnenaesnisiialsalaiinaneadadilesia gl inaduuni fnainnisnluassd
Tiaunsnairadaiaenuasiunald Knldinazdnauiinni1neiiladuinan NAe1NTLINEN LaziA19Yen
wwdadaUnfaumn Blinnsaieansdaeiiusaiaainsninisiasunlasuazgnuanidasudngnzua
& o aa a H el a o o P A o o a = PR
wennsan luszAuRRalnA ldannnisfemasssilng falunisnsaaldean1sa e dATEALAT T AN LN TRAT
v =< a ada dl dl Il ° o dl 2 dld dl 1 a
g519ananaailudnisuiianuiazaunsarinnn M lunnsamadnnseaie Auuinisnnilenaidessialsnladin

o a a A a - 1o @ v o A a = aal

asndatidaatiagininatiuunimldlaelisidusfesedoyaainsiidssminyaniznie e matulatingeenn
o k73
Udau

Free beta human chorionic gonadotropin (hCG) WAz pregnancy-associated plasma protein-A

= dd’ v o [ dl ¥ 1 e

(PAPP-A) \fluansianiina¥wainsnuazgninunldlunisnsadnnsaaivafumnisnnguainisniaid (Down
syndrome)  lunnsfaassdlasungusnagiaunsiay Anasaneinudnlunisniinnazuaniiazwunig
wasuulage9seAU free beta hCG way PAPP-A Tunszudiaanungan(1-3) kastAsinisAn Inu[nsmu
free beta hCG lunszuaidennnsazeanisniilulsalalinawsdadileatagininaduunimazlissduganan

o o aa

miannfedslisdAnun1eada (4, 5) Tnawuanszsu free beta hCG lunnaniiilulsalatinanesdadidesia
= a I :// I a 1 a 1o r_‘l' ao’ o 1 n:
glutnaduunimlunisssasarilanslasunausniiaigandimining wigsdaonumasuatiuaguin Tuauey
s¥A1 free beta hCG Tun1989A39 T lnINNaN289 (15 — 23 FUANY) NUAHLANFANNAINAIININTL WFLTeIaN
nsAnEAINa1aiawaungudaatinehanisniiiulsaduaulaininiin (18 s1a 4 m¥u 9 dilanfengases)
WazIzAL free beta hCG Hpnuussulimnengased inlideyantetliannsnagduaziinnnldlunis
patinld aeinglsfinuainudngiudsnaninliidednsdu free beta hCG lunisssassdlnsunausnanadalsl
aunsnunsn ltuannisndnfeanannnisniilulsaladinaresindiuinatuunsnldatnetatan walunns
Y 44 . 4 d - - - . y

a9 lnsnaNgestaiudaanaifsnaeanisnndulsaladinareasindin inaduu s uanaenn1suaNun

3



3¥61I free beta hCG UNALLANFAINAINNIINUNRTAIRUAL 411150 PAPP-A dntsanutias lusnannisniilulse
latimansriasdadileain g ininatuunm danudnlunssansssinsunawsniseaunldunnsnafiuunnin we
= % d‘ 1 o dll o d? [ 3 g: X2 [~ d‘ 1 1 o/ 1 ://
Huuoliunazuansaiuiaangassiuinay seiudaduniiauladnszduans PAPP-A anadaauannisnii
anangulin lunissiapsssilasunanaes uarilanuiulliinaziduansioeininanldlunsitadunisniii

splafinaneandatiiaaiagininaduunsnluszazieunaen

a o

TreagannnnsdAnadeneuNNLNTIN 2R free beta hCG uaz PAPP-A lunszuaidanunanilugng

b

Uanalmsunaunsn enadaswannisniulsalainanesdadilasiladininaduunsneanainnisndni L ws

2
0

dse@nBnndslintn uaziidesyaiiaddnlugaiengassdNunTuasnuANLANANNTeTEAUANITLAR AINAN

D

d‘ o =

o 4%, = | 14 ¥ Z‘/ 1 ¥ va o KR o Ad‘
dotauninau waziaouiduldidganiniazdiunldluntsuannisnivasingulss §iduaeni3nas

nsAnlFeueuszAuYes free beta hCG uay PAPP-A szndmisniiiilulsalasinanssndadiieaiin
= a - a oo P | = a o o A a a S

alulnaduunimuasnisnidniluansaeassinitugidessanisignitulsalatinasandagiaaiaalulnaiu
ufnlutosengaset 18 — 22 Auaif dnazaunsnidannldauunnisnluassindulsnaanainnisnidnals

& % Y ve ! ° o a o A A a o a s
Mi‘@blll ﬂ@Nﬁ@V]VLﬂ?‘LIV’ﬁL’W’WZCZQ’]N’]?OH’]M’]GL%’luﬂ’]i[ﬂﬁ‘Q@ﬂﬂﬂ?@ﬂi?ﬂi@ﬂm@’]ﬂﬁqﬂ’&sﬂLNE‘H%@ETNIH@UHUW?VI‘U@\?

' '
=® = =

menlupssrifnsmATAIa eI TaTaEITnaANN NN TTRgNaNTetA At RN TuIyATUAZ
anafidunsasiensnn tllgnisimunatianisnsadansesisalaiinavsndadideaingininaduunimees
manluesefludlszmalng Werhundszgnfldlunszuaunisauauuasilesiulsalafinaesdadifuses
dszinasialluaunan

o

2. dngilszaca

o

AnELBauWieusE AU free beta hCG way PAPP-A seudnanisndlulsalaiinaneandadideain

—_

= a & a a2 ol o = ' = a o a = a
aluinaduuninuaznenini uasaseassinitugidessanisigniulsalainaesdaadidasiin
o

FluTnaduunsngaananisfiamsssd (18 — 22 &Uansl) N ANLANFSRWYTe b

=

2. TUNINNUAMNBANFANNTRITA free  beta hCG WAz PAPP-A  asinailiadAny  az@Anmnia

o
v

Usransninlunimnuianisnidulsalainanesidamiiaaia g iy inatuunsnludaananisfansss

(18 — 22 dumnsf)

3. szlaulgias

91/11111n1994¢8 : Cross sectional analytical study

v ' '

Uszang : assamssriniugdessoniainlsaladinavsdagleatiadluinaduvuninlunim egmsssd
18 — 22 ila 9 uazNNFULENIATIAIHadaiaUAREARILAENTIANZIABAA LA AANIIN (Cordocentesis)

PlaanenuianmaTuAsdea i AIusRauRuIAN WA, 2552 Dl natAN W.A. 2553 13Tanm 200 9

\NEWTTIN13ARLABNFAL8ENY (Inclusion criteria)

1. arasaasarindugdessaniaifinlsnlatinavsndatidasiadluinaduuninlunim uwardndulady
N19MIIRAINABLNDUAABAFILATNITANLLABAGLAZABNITN (cordocentesis)

4



a1gAsasiaglugag 18 - 22 dilnni

o o o A o o 9 = o o A o - 9o
duaneedlszanneuaigaingliuineu uasitssdRtszaneusiane wisawns liiunismsaa
S o o'dl k% % di a d‘ 1 d‘ :// & 1

AR AINTNYNABIAILARUAENAND G TWTINATIUINTBINIIAIATIANN NI

?/ & dl
lunngsampsadingn

\NUTN17AREANAINNENFRRLIN4 (Exclusion criteria)

1.
2.

N13NRAMNANTIAEANTEA NAUBINITUANLNINAANI9ABAAT LIS

Msnnnzinsiulautinilng

38R TEUN1IRE

1.

v
o

ARLAENAGTAIAINTRNYATES 18 - 22 AaninnFuLETnsmaadtiadeiaunsenfaedsnianziaen
argavheniInTviagngAaniiisauaznen lsanenunanmauasd@esul uazsdinueinig
Anaandaet1adnglazan1sddy Tusendedun 1 Aunan w.A. 2552 D9 31 Aa1AN W.A. 2553

= :’/ o‘d‘ ¥ & o A o 1 Vo a =2 a o = XK o &
ﬂ[ﬂi[ﬂ\iﬂﬁ‘?ﬂﬂlﬁﬂ%ﬂmsﬂﬂ’]?ﬂﬂL@'ﬂﬂﬁl')’r]?;lq\i@ﬁiiﬂi“].lﬂ’]?@ﬁﬂqﬂﬂﬂﬂ’]‘iﬂ’ﬂﬂiﬂﬂ@&@ﬂﬂﬂ\‘iflmqﬂiﬁﬁﬂﬂ
aa :// ¥ ay = % :// A -ﬂl a ¥ a o
15017 PuTdandaids wianisasaraiame luluiuaendnfulasenisman
o KX v dal, dl o o '8 a roI/ 1 o 1 aia ¥
‘LI‘Ll‘V]ﬂ?.I@Nﬂ@W‘l‘lﬁqumﬂ']ﬂ']_l@ﬂiﬂ’ﬁl&tﬂ’]\iﬂ‘i?ﬁ’]ﬂﬁ‘ﬂ’m[ﬂi‘ LL@¥Q[5]ﬂ’]@ﬁ]i‘V]’ﬂﬂ?l@\'iﬂ@qNﬁ]’]@ﬂq\W]ﬂuH@NL"II’]
4 ! &

anlasannside Toun ang engasad (Tuusnuesllszdanneunisqeiing uazmvisadeyanisnaaanau

3 3
¥ v

@eapnNDge) @etnd winiinga Usydrlsailszansia wu wnwauailn IDDM uazilszdfnisnaan

mnitasiultuialng s

\iufeERenaIuIL 5 39 iNevianisnsaanisiesdirniaiiednszau free beta hCG uay PAPP-
o R o =

A waztiuindayaluuuuriunndeys

M3RFIANNUBIUJLRNNT A2e3E ELIZA TnaA3a9mag9 fully automated immunoassay ELISA

system (USHN PerkinElmer's)

®  N1IMIIAUNIEAL free beta hCG Tunszuaiaaningen 14 DELFIA® Xpress free beta hCG kits

(139 PerkinElmer's) #41lun13m3929 A E9311 04184 free beta hCG subunits TasildmaTia
solid-phase, two-site fluoroimmunometric assays AMTNUANNIUAY direct sandwich technique
@914 monoclonal antibodies 2 1in 4uTAnAsese antigenic determinants AUAZAMY Teog/Lu

Tuanaaes free beta NCG 1fluAaN13NHANTaNNNGT 0.2 wnTuniusediadans

® n1IRTAnNIEAL PAPP-A lunszuaidanunsan 1 DELFIA® Xpress PAPP-A kits (L35
PerkinElmer's) Faflunsnadadeiuno Inaldmaia solid-phase, two-site
fluoroimmunometric assays ANNUANNI9UAY indirect sandwich technique %l\ﬂfﬁ monoclonal
antibodies 2 11ln AulptiATNFa antigenic determinants ARz %Q@gj‘uu PAPP-A/proMBP
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3831nridaya (Methods of data analysis)
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1. mag@ﬂi:‘mmm@mrl,l,@xgﬁmmm’vmﬂ wanuasioludndaufenas Aade (mean) wazaAdoau
NIMIF1U (SD)

2. WIANUUANGNIIRILAL free beta hCG uaz PAPP-A 1aemsnuasslungumaniiduuasluidu
Tspsnaadilesingluinaduuni laald T test

3. ANl AMNAIINIE UATANAAFA (cut off) 2845EAL free beta hCG waz PAPP-A a8 N
msnimilu homozygous alpha thalassemia-1 aanannn1sni laiulsn tneldnnsna 2 x 2 uay ROC

curve
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Ta3e9NAIAINAZARNA: The difference of maternal serum markers between homozygous alpha
thalassemia-1 fetuses and non homozygous alpha thalassemia-1

fetuses at 18 — 22 weeks of gestation 1138
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Maternal serum free beta human chorionic gonadotropin as a predictor
of Hb Bart’s disease at midpregnancy 138

Pregnancy-associated plasma protein-A in maternal blood as a
predictor of Hb Bart's disease at midpregnancy

Obstetrics and Gynecology 138

Prenatal diagnosis 38
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® (-thalassemia-1 carriers and normal hemoglobin typing 17 79.1
® Hemoglobin H/ Constant spring disease 3 2.0
794 148 100.0
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® Auadt + ANDEULUNINTTIU 18.43 +0.96 18.66 + 0.91 0.24

° Rel 17 -20 17 -21
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3.
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Maternal serum hCG, PAPP-A and AFP as predictors
of hemoglobin Bart disease at mid-pregnancy

Fuanglada Tongprasert, Chanane Wanapirak and Theera Tongsong®

Maternal Fetal Medicine Unit, Department of Obstetrics and Gynecology, Faculty of Medicine, Chiang Mai University, Chiang

Mai, Thailand

Objective To evaluate the ability of maternal serum-free S-human chorionic gonadotrophin (f-hCG),
pregnancy-associated plasma protein-A (PAPP-A), and alpha fetoprotein (AFP) levels in the screening of
fetuses with hemoglobin (Hb) Bart's disease among pregnancies at risk.

Materials and Methods Pregnancies at risk for fetal Hb Bart’s disease scheduled for cordocentesis at 18 to
22 weeks were recruited into the study. Maternal serum-free A-hCG, PAPP-A, and AFP concentrations were
measured before cordocentesis, and the final fetal diagnosis of Hb Bart disease was based on fetal Hb typing
using high-performance liquid chromatography.

Results  OF 57 recruited pregnancies, 11 had fetal Hb Bart's disease and 46 were unaffected. Maternal serum
alpha-fetoprotein (MSAFP) concentrations were significantly higher in women with fetal Hb Bart’s disease than
those with unaffected fetuses (median 99.53 vs 50.83, P < (0.001), whereas the concentrations of free f-hCG
and PAPP-A were not significantly different between the two groups (P = 00.543 and 0.777, respectively).

Conclusion  Second-trimester MSAFP may be clinically a useful screening test for fetal Hb Bart's disease
among pregnancies at risk. Copyright @ 2011 John Wiley & Sons, Lid.

kEY worps: fetus; Hb Bart’s disease; f-human chorionic gonadotropin; pregnancy-associated plasma protein-A;

alpha-fetoprotein

INTRODUCTION

Fetal homozygous a-thalassemia-1 or hemoglobin (Hb)
Bart’s disease is the most common cause of hydrops
fetalis in Southeast Asia (SEA) (Lemmens-Zygulska
efal., 1996). As a consequence of fetal anemia,
hydropic changes. cardiomegaly, hepatomegaly, and pla-
centomegaly can occur as early as in late first trimester.
Prenatal diagnosis can be made using invasive tech-
niques, such as chorionic villus sampling, amniocen-
tesis, or cordocentesis, which can be associated with
procedure-related risk of fetal loss. Noninvasive tech-
niques have been developed for diagnosis among preg-
nancies at risk using ultrasonographic markers, such
as cardiothoracic ratio, placental thickness, and middle
cerebral artery peak systolic velocity (Tongsong ef al.,
19994, 1999b; Srisupundit ef al., 2010). Though highly
effective, these methods require ultrasound machines
and experienced sonographers leading to limitations
for wide application. Thus, other noninvasive prenatal
diagnosis techniques available for wide use are desir-
able. Maternal serum levels of free f-human chorionic
gonadotropin  {#-hCG), pregnancy-associated plasma
protein-A (PAPP-A), and alpha fetoprotein (AFP) have
been reported to be associated with fetal hydropic
changes (Saller efal., 1996) and enlarged placenta,
which are the characteristics of pregnancies with fetal

*Cormrespondence to: Theera Tongsong, Maternal Fetal Medicine
Unit, Department of Obstetrics and Gynecology, Faculty of
Medicine, Chiang Mai University, Thailand.

E-mail: tongson@ mail.med.cmu.ac.th

Copyright © 2011 John Wiley & Sons, Lid.

17

Hb Bart’s disease (Tseng et al., 1994; Ong et al., 2006).
Though these maternal serum markers have never been
thoroughly studied in pregnancies with fetal anemia sec-
ondary to Hb Bart’s disease, the levels of these serum
markers may potentially be increased in this fetal dis-
order, which is related to anemia, enlarged placenta,
and hepatomegaly. Therefore, we hypothesize that these
serum markers may be effective in predicting Hb Bart's
disease, especially among pregnancies at risk. The aim
of this study was to compare the levels of maternal
serum-free B-hCG, PAPP-A, and AFP between preg-
nancies with fetal Hb Bart’s disease and unaffected
pregnancies.

MATERIALS AND METHODS

This study was prospectively conducted at Maharaj
Nakorn Chiang Mai Hospital, Department of Obstet-
rics and Gynecology. Faculty of Medicine, Chiang Mai
University with approval of the Research Ethical Com-
mittee. Pregnant women at risk for fetal Hb Bart’s dis-
ease and scheduled for cordocentesis at 18 to 22 weeks
between October 2009 and June 2010 were enrolled to
the study. Pregnancies were considered at risk when both
parents were diagnosed as «-thalassemia-1 carrier using
PCR [Southeast Asia (SEA)-type] technique. The gesta-
tional age was determined by a certain last menstrual
period and confirmed either by sonographic crown-
rump length in the first trimester or biparietal diame-
ter in the second trimester. Exclusion criteria included
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Accepted: 23 December 2010
Published online: 10 February 2011



SERUM hCG. PAPP-A AND AFP AS PREDICTORS OF Hb BART'S DISEASE

431

Table 1 —Characteristics of the pregnancies affected with Hb Bart’s disease and unaffected pregnancies

Hb Bart’s group (mean £+ SD) Non-Hb Bart’s group (mean £ SD) P value
Maternal age (years) 268+5.7 279154 0.57
Gestational age at sampling (weeks) 194 +0.8 194+ 1.1 0.97
Maternal body weight (kg) 5383+111 56.6 £8.0 0.39

SD, standard deviation.

(1) multiple pregnancies, (2) fetal anomalies or chro-
mosomal abnormalities, (3) fetal anemia secondary to
causes other than Hb Bart’s disease as well as preg-
nancies at risk for rhesus alloimmunization. (4) known
maternal medical diseases, and (3) fetal blood samples
could not be obtained or were contaminated with mater-
nal blood.

After informed and written consent was obtained,
the demographic characteristics and medical history
were recorded. A maternal blood sample was col-
lected by venipuncture and was allowed to clot. The
serum was separated by centrifugation as soon as
possible and stored at —20°C. Free A-hCG, PAPP-
A, and AFP concentrations were measured using the
6000 DELFIA® Xpress clinical random access screen-
ing platform, PerkinElmer Life, and Analytical Sci-
ences, Turku, Finland. A transabdominal sonographic
examination was performed for fetal biometry and fetal
anatomical survey. Cordocentesis was then carried out
under transabdominal real-time ultrasound guidance.
Fetal blood sample was collected and tested for mater-
nal blood contamination using a simple acid elution
test. Hemoglobin typing was based on high-performance
liquid chromatography. and DNA analysis (if needed)
was used for the fetal thalassemia status. All prena-
tal results were confirmed after birth or termination of
pregnancy.

Statistical analysis

Statistical analysis was performed using SPSS 17.0
(SPSS Inc., Chicago. IL, USA). The mean maternal
serum-free A-hCG. PAPP-A, and AFP concentrations
in the pregnant women whose fetuses were affected
with Hb Bart's disease were compared with those
whose fetuses were unaffected (normal Hb typing or
c-thalassemia-1 carrier) using Mann—Whitney U -test.
The analysis of covariance (ANCOVA) was also used
to determine the significance of the difference between
the groups by adjusting for the gestational age which
might be a confounder. Based on a previous study
reported Bartha et al. (2003), we calculated that a sam-
ple size of at least seven cases in each group would
be needed to gain 80% power of test at 95% con-
fidence interval. P < 0.05 was considered statistically
significant.

RESULTS

Fifty-nine pregnant women were recruited into the
study and maternal serum samples were collected and

Copyright @ 2011 John Wiley & Sons, Lid.
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analyzed. There were no fetal losses related to the cordo-
centesis. Two fetuses were diagnosed with hemoglobin
H/Constant spring disease and were excluded from
the study. The remaining 57 pregnancies were avail-
able for analysis and their baseline characteristics are
shown in Table |. As many as 11 fetuses (19%) were
identified as affected with Hb Bart's disease, whereas
the remaining 46 fetuses were unaffected (18 were o-
thalassemia-1 carriers and 28 had normal hemoglobin
typing). No statistically significant difference in mater-
nal age. gestational age at sampling, and maternal body
weight was found between the two groups (Table 1).
After adjusting for gestational age, using ANCOVA,
maternal serum alpha feto-protein (MSAFP) concen-
trations were significantly higher in pregnancies with
fetuses affected by Hb Bart’s disease than in those with
unaffected fetuses (Mann—Whitney test; P = 0.000)
(Figure 1). AFP levels were similar in pregnancies with
fetuses w-thalassemia-1 carriers and normal hemoglobin
(P =0.81). Of fetuses with Hb Bart's disease, three
had some degree of hydropic changes and five had
placental thickness of 3 cm or more. However, all
had cardiomegaly and 9 out of 11 showed signifi-
cantly higher peak systolic velocity of MCA, above
1.5 MoM.

The concentrations of free 8-hCG and PAPP-A were
not significantly different between pregnancies with Hb
Bart’s disease and controls (Mann—Whitney test: P =
0.543 and 0.777, respectively) (Table 2).
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Figure 1 —Maternal serum alpha feto-protein {MSAFFP) concentration
in pregnancies affected with homozygous o-thalassemia-1 disease
(solid dot) and the unaffected pregnancies (open dot) at 18 to 22 weeks
of gestation
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Table 2—Maternal serum-free -hCG. PAPP-A, and AFP concentration in pregnancies affected with homozygous e-thalassemia-|

disease group and the unaffected group

Hb Bart’s group, Median (ranges) Non Hb Bart's group Median (ranges) P value*
Free 5-hCG (ng/mL) 8.50 (1.8-20.8) 8.10 (1.5-37.0) 0.543
PAPP-A (mU/L) 14306 (4329-19061) 12737 (2755-29066) 0.777
AFP (IU/mL) 09.53 (41-194) 50.83 (5-128) <0.001

A-hCG, g-fetoprotein-human chorionic gonadotrophin; PAPP-A, pregnancy-associated plasma protein-A; AFP, alpha

* Mann—-Whitney [ -test.
DISCUSSION

Homozygous w-thalassemia-1 or Hb Bart’s disease is
one of the most common causes of severe fetal anemia
and is uniformly lethal. Fetuses with Hb Bart’s disease
have a defect in alpha globin chain production result-
ing in gamma-4 tetramers (Hb Bart’s) formation. Hb
Bart binds oxygen with high affinity leading to fetal tis-
sue hypoxia. In response, compensatory erythropoiesis
is extensively developed. with extramedullary erythro-
poiesis in the fetal liver and spleen, and in the placenta.
An affected fetus manifests as hydrops fetalis, subcu-
taneous edema, cardiomegaly, hepatomegaly, and pla-
centomegaly, though these sonographic signs may be
subtle in early gestation. Theoretically, placental edema
can abnormally affect placental hormones production or
alter fetomaternal biochemical exchange. Consequently,
maternal serum biochemical markers could be useful
in identifying pregnancies affected by fetal Hb Bart's
disease. We have found that MSAFP level at 18 to
22 weeks, but not free A-hCG or PAPP-A, can allow
the detection of the majority of fetuses with Hb Bart’s
disease.

MSAFP has been found to be elevated in pregnant
women with fetal anemia, such as parvovirus B19 infec-
tion and rhesus alloimmunization (Komischke et al.,
1997; Bartha et al.. 2003). Bartha et al. (2003) reported
that MSAFP levels in pregnancies with fetal anemia
from alloimmunization were significantly higher than
those in pregnancies with normal fetuses (1.7 vs 0.8
MoM) (Bartha et al.. 2006). Little is known about any
association between Hb Bart’s disease and AFP concen-
trations. Manoukian et al. (1990) reported that MSAFP
level was increased to 3 MoM 1n a fetus with Hb Bart's
disease at 28 weeks of gestation. To our best knowledge,
ours is the first study to compare the MSAFP levels
between pregnancies affected with fetal Hb Bart’s dis-
ease and unaffected pregnancies. Our finding suggests
that MSAFP levels at mid-pregnancy may be useful
in predicting fetal Hb Bart’s disease in pregnancies at
risk at mid-pregnancy. MSAFP elevation in the pres-
ence of fetal anemia is hypothesized to be caused by
a greater feto-maternal transfer due to placental edema
and an activation of placental erythropoiesis (Bartha
et al., 1999). It 1s also possible that involvement of
fetal liver by extramedullary erythropoiesis caused by
Hb Bart’s disease may lead to elevated AFP production.
The weakness of this study was the limited sample size,
which hampered an accurate calculation of the diagnos-
tic accuracy of MSAFP in predicting Hb Bart's disease.
Larger studies are needed to confirm the effectiveness

Copyright © 2011 John Wiley & Sons, Lid.
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of MSAFP in the prediction of this condition. Note that
hydropic changes or placentomegaly was found in only
about one third of cases at the time of ultrasound exam-
ination. This suggests that an increase in MSAFP level
may precede morphological change of the placenta and
be possibly helpful in earlier diagnosis.

Abnormally high levels of free f-hCG have been
reported in hydropic fetuses (Saller ef al., 1992, 1996;
Spencer et al.. 2000; Benn efal., 2002). In a first
trimester study, maternal serum-free A-hCG in 22
women with fetuses affected by Hb Bart's disease than
in 436 controls (1.41 vs 0.92 MoM) (Ong et al., 2006).
The hCG elevation associated with fetal Hb Bart's dis-
ease seems to increase with advancing gestational age, so
that 78% (14/18) of affected pregnancies had hCG lev-
els =2.5 MoM between 14 and 23 weeks (Tseng et al.,
1994). Our study could not demonstrate the statistical
difference between Hb Bart's disease and unaffected
fetuses at mud-pregnancy perhaps owing to the limited
power of our study.

Pregnancies with low levels of PAPP-A are associated
with a higher risk of pregnancy-induced hypertension
and fetal growth restriction, suggesting that maternal
serum PAPP-A levels may be indicative of placental
function (Yaron et al., 2002). We could not show a
significant difference in PAPP-A levels between fetuses
with Hb Bart’s disease and unaffected fetuses at 18 to
22 weeks of gestational age. This finding is consistent
with that reported by Ong et al., who found that PAPP-
A levels at 11 to 14 weeks of gestational age iIn
pregnancies affected by fetal Hb Bart’s disease were not
significantly different from the control group (1.16 vs
1.04 MoM) (Ong et al., 2006).

In conclusion, MSAFP levels, but not free beta-hCG
and PAPP-A levels. are significantly higher in pregnan-
cies with fetal Hb Bart’s disease than in unaffected ones.
Based on these findings, MSAFP concentrations have a
potential to be used as a predictor of pregnancies affected
by fetal Hb Bart’s disease among pregnancies at risk.
More studies are needed before this noninvasive and
commonly available screening method can be used in
clinical practice to avoid invasive prenatal diagnosis of
Hb Bart's disease.
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The Difference of Maternal Serum Human Chorionic Gonadotropin
(hCG) and Pregnancy-associated plasma protein-A (PAPP-A) between
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Maternal Fetal Medicine Unit, Department of Obstetrics and Gynecology, Faculty of Medicine,
Chiang Mai University, Chiang Mai, Thailand

Abstract

Background: Maternal serum levels of free B-hCG and PAPP-A are correlated with
placental volume and placentomegaly is usually found in pregnancies with fetal Hb
bart’s disease. Therefore, we hypothesize that these serum markers may be higher in
fetuses affected by hemoglobin (Hb) Bart’s disease.

Objective: To evaluate the levels of maternal serum free f-hCG and PAPP-A in
identifying fetuses with Hb Bart’s disease among pregnancies at risk.

Materials and Methods: One hundred and forty eight pregnancies at risk for fetal Hb
Bart’s disease scheduled for cordocentesis at 18 to 22 weeks were recruited into the
study. Maternal serum free B-hCG and PAPP-A concentrations were measured before
cordocentesis, and the final fetal diagnosis of Hb Bart’s disease was based on fetal Hb
typing using high-performance liquid chromatography.

Results: Maternal serum concentration of free B-hCG was significantly higher in
women with fetal Hb Bart’s disease than those with unaffected fetuses (P = 0.018),
whereas the concentrations of PAPP-A was not significantly different (P = 0.184). The
median MoM of free B-hCG in the affected group was 1.38 MoM and in the unaffected
group was 0.88 MoM (P = 0.020).

Conclusion: At midpregnancy, maternal serum free B-hCG in pregnancies with fetal
Hb Bart’s disease is significantly higher than in the unaffected pregnancies whereas
PAPP-A level seems to be similar in both groups.

Keywords: hemoglobin Bart’s disease, maternal serum marker, free B-human chorionic
gonadotropin, pregnancy-associated plasma protein-A, alpha-fetoprotein
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Introduction

Fetal homozygous a-thalassemia-1 or hemoglobin (Hb) Bart’s disease is the
most common cause of hydrops fetalis in Thailand. As a consequence of fetal anemia,
the hydropic changes manifested by cardiomegaly, hepatomegaly, skin edema, ascites
and placentomegaly finally occur. Prenatal diagnosis can be made using invasive
technique such as chorionic villus sampling, amniocentesis or cordocentesis which can
be associated with fetal loss. Noninvasive techniques have been developed for
diagnosis among pregnancy at risk, using ultrasonographic markers such as
cardiothoracic ratio, placental thickness and middle cerebral artery peak systolic
velocity(1-3). Though high effectiveness, these methods require ultrasound machines
and experienced sonographers leading to limitations for wide application. Thus the
unsophisticated noninvasive prenatal diagnosis techniques are yet to be sought for.
Maternal serum levels of free f-human chorionic gonadotropin (B-hCG) and pregnancy
associated plasma protein-A (PAPP-A) have been reported to be associated with fetal
hydropic change(4) and enlarged placenta which are the characteristics of pregnancies
with fetal Hb bart’s disease(5, 6). Though these maternal serum markers have never
been thoroughly studied in pregnancies with fetal anemia secondary to Hb Bart’s
disease, the levels of these serum markers may potentially be increased in this fetal
condition, which is related to anemia, enlarged placenta and hepatomegaly. Therefore,
we hypothesize that these serum markers may probably be effective in predicting of Hb
Bart’s disease, especially among pregnancies at risk. The aim of this study was to
compare the levels of maternal serum free B-hCG and PAPP-A between pregnancies
with fetal homozygous a-thalassemia-1and unaffected pregnancies.

Materials and Methods

This study was prospectively conducted at Maharaj Nakorn Chiang Mai
Hospital, Department of Obstetrics and Gynecology, Faculty of Medicine, Chiang Mai
University with approval of the Research Ethical Committee. Pregnant women at risk
for homozygous a-thalassemia-1 fetuses who scheduled for cordocentesis at 17 to 22
weeks between October 2009 and September 2011 were enrolled to the study.
Pregnancy at risk was confirmed when both of the couple were diagnosed for a-
thalassemia-1 carrier, using PCR (SEA-type) technique. The gestational age was
determined by a certain last menstrual period and confirmed either by sonographic
crown-rump length in the first trimester or biparietal diameter in the second trimester.
Exclusion criteria included the following: 1) multiple pregnancies; 2) fetal anomalies or
chromosomal abnormalities; 3) fetal anemia secondary to any causes other than Hb
Bart’s disease as well as pregnancies at risk for rhesus alloimmunization; 4) known
maternal medical diseases and 5) fetal blood samples could not be obtained or were
contaminated with maternal blood.

After informed and written consent was obtained, the demographic
characteristics and medical history were recorded. Maternal blood sample was collected
by venipuncture and was allowed to clot. The serum was separated by centrifugation as
immediate as possible and stored at -20°C. Free B-hCG and PAPP-A concentrations
were measured using the 6000 DELFIA® Xpress clinical random access screening
platform, PerkinElmer Life and Analytical Sciences, Turku, Finland. A transabdominal
sonographic examination was performed for fetal biometry and fetal anatomical survey.
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Cordocentesis was then carried out under transabdominal real-time ultrasound
guidance. Fetal blood sample was collected and tested for maternal blood
contamination using a simple acid elution test. Hemoglobin typing using high-
performance liquid chromatography and DNA analysis (if needed) were analyzed for
the fetal thalassemia status.

Statistical analysis: All statistical analyses were performed using SPSS 17.0
(SPSS Inc, Chicago, IL). The demographic characteristics were described and analyzed
to determine the difference between the affected group (the pregnant women whose
fetuses were affected with homozygous a-thalassemia-1) and the unaffected group (the
pregnant women whose fetuses were normal Hb typing or a-thalassemia-1 carrier) by
the independent samples T-test. The maternal serum free B-hCG and PAPP-A
(expressed as concentrations and a multiple of the normal median for gestation; MoM)
were compared between the groups using the Mann-Whitney U test. The significance
serum analyte’s ability to discriminate between the affected pregnancies compared with
the unaffected pregnancies was then evaluated by the area under the receiver operating
characteristic (ROC) curve. The performance of maternal serum markers, choosing a
threshold based on the area under the ROC curve, were determined by calculating
sensitivity, specificity and positive and negative predictive values. P < 0.05 was
considered statistically significant.

Results

One hundred and forty eight pregnant women were recruited to the study and
maternal serum samples were collected and analyzed. The fetuses affected with
homozygous o-thalassemia-1 disease and those unaffected (a-thalassemia-1 carriers
and normal hemoglobin typing) fetuses were identified in 28 cases (18.9%) and 117
cases (79.1%), respectively. 3 fetuses (2.0%) were diagnosed for hemoglobin H /
Constant spring disease and were excluded from the study. The remaining 145
pregnancies were available for analysis and their baseline characteristics are shown in
Table 1. No statistically significant difference in maternal age, gestational age at
sampling and maternal body weight was found between the two groups (P > 0.05).
Maternal serum concentrations of free B-hCG was significantly higher in pregnancies
with fetuses affected by homozygous o-thalassemia-1 disease than in those with
unaffected fetuses (P = 0.018), whereas the concentrations of PAPP-A was not
significantly different (P = 0.184) as presented in Table 2. The median MoM of free [3-
hCG in the affected group was also significantly higher than the unaffected group (1.38
MoM versus 0.88 MoM, P = 0.020). The ROC curves of maternal serum free B-hCG
concentrations and free B-hCG MoM for predicting homozygous a-thalassemia-1
disease were demonstrated in Figure 1. The areas under the ROC curves of free B-hCG
concentrations and free f-hCG MoM were 0.655 (95% CI 0.539 - 0.771) and 0.647
(95% CI 0.528 - 0.767), respectively. The predictive values for the detection of
homozygous a-thalassemia-1 disease during midpregnancy using different cut-off free
B-hCG MoM were shown in Table 3.
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Table 1: The characteristics of the pregnancies affected with homozygous a-
thalassemia-1 disease group and the unaffected group.

Affected group | Unaffected group P-value
Maternal age (years)
e Mean + standard 29.58 + 6.68 27.82 4+ 6.01 0.19
deviation 17—-41 16 —45
e Range
Gestational age at sampling
(weeks) 18.43 +0.96 18.66 +0.91 0.24
e Mean + standard 17-20 17 -21
deviation
e Range
Maternal body weight
(kilograms) 57.76 + 11.73 56.73 +9.49 0.63
e Mean + standard 39.1-97.5 38.2-101.1
deviation
e Range

Table 2: Maternal serum free f-hCG and PAPP-A concentration in pregnancies
affected with homozygous a-thalassemia-1 disease group and the unaffected group.

Affected group | Unaffected group P-value
Free B-hCG (ng/mL)
e Median 12.3 8.4 0.018
e Range 1.8-66.8 1.0-374
PAPP-A (mU/L)
e Median 15169.2 13540.9 0.184
e Range 4329.3-27313.9 | 3478.6-29821.5

Table 3: Predictive value of maternal serum free f-hCG MoM for pregnancies affected
with homozygous a-thalassemia-1 disease.

>1.1
MoM

>1.2
MoM

>1.3
MoM

>1.4
MoM

>1.5
MoM
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Sensitivity
Specificity

PPV

NPV

Odd ratio
Accuracy rate
False positive rate

57.1
68.4
30.2
87.0
2.9
66.2
31.6

50.0
73.5
31.1
86.0
2.7
68.9
26.5

50.0
75.2
32.6
86.3
3.0
70.3
24.8

46.4 35.7
76.9 81.2
325 31.3
85.7 84.1
2.9 24
71.0 72.4
23.1 18.8

Figure 1: ROC curves of maternal serum free f-hCG concentration and free f-hCG
MoM for predicting pregnancies affected with homozygous a-thalassemia-1 disease.
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Test Result Asymptotic 95% Confidence Interval
Variable(s) Area | Asymptotic Sig. Lower Bound Upper Bound
hCG 0.655 0.014 0.539 0.771
hCG MoM 0.647 0.020 0.528 0.767
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Discussion

Homozygous a-thalassemia-1 or Hb Bart’s disease is one of the common causes
of severe fetal anemia. The extramedullary erythropoiesis in fetal liver, spleen and
placenta is compensatory developed from fetal tissue hypoxia. The affected fetus
manifests as hydrops fetalis, subcutaneous edema, cardiomegaly, hepatomegaly and
placentomegaly. Theoretically, placental edema can abnormal produce placental
hormones or alter feto-maternal biochemical exchange. Consequently, some maternal
serum biochemical markers may be useful in identifying pregnancies affected Hb Bart’s
hydrops fetalis.

Free p-hCG

Free B-hCG has been reported in a higher level than normal in fetuses with
chromosomal abnormalties such as Down syndrome, Turner syndrome and triploidy,
especially in hydropic fetuses(4, 7-9). During the first trimester, maternal serum free 3-
hCG has been shown to be significantly higher in pregnancies affected by Hb Bart’s
disease than those in the control group (1.41 MoM in 22 affected group vs 0.92 MoM
in 436 control group)(5). The hCG elevation associated with fetal Hb Bart’s disease
seems to increase with advancing gestational age, so that 78% (14/18) of affected
pregnancies had hCG levels >2.5 MoM between 14 and 23 weeks(6).

In our study, we have found the statistical difference between Hb Bart’s disease
and unaffected fetuses at 18 — 22 weeks of gestation. The levels of free B-hCG in
pregnancies with affected fetuses were significantly higher than those in pregnancies
with unaffected fetuses (1.38 MoM vs 0.88 MoM). However, free B-hCG levels > 2.5
MoM and levels > 1.5 MoM were found only 15% (4/26) and 38% (10/26),
respectively. Therefore, the effectiveness of free f-hCG as a predictor for Hb Bart’s
disease is not attractive because of high false positive rate.

In aspect of Down syndrome screening, free B-hCG has been used in both first
and second trimester Down syndrome screening test. Free B-hCG levels in pregnancies
affected with Down syndrome is higher than unaffected pregnancies with the median of
2.22 MoM(10). Therefore, the calculated Down syndrome risk in pregnant women who
carry Hb Bart’s fetuses may be higher than usual. Consequently, the high false positive
rate in Down syndrome screening program in area of the high prevalence in
pregnancies at risk of homozygous alpha-1 disease is predicted.

PAPP-A

Of fetuses with chromosomal abnormalities such as trisomy 21, trisomy 13,
trisomy 18, sex chromosome aneuploidy and triploidy, it has been shown that PAPP-A
levels are higher than those in normal fetuses(9, 11). In pregnancies with the low levels
of PAPP-A, the risk of pregnancy induced hypertension and fetal growth restriction has
been increased which imply that maternal serum PAPP-A levels are related to abnormal
placental function(12). Hypothetically, placental edema as seen in Hb Bart’s hydrop
fetalis is likely to have an effect on PAPP-A value, higher than is in normal fetus.
However, this study could not show a significant difference in PAPP-A levels between
fetuses with Hb Bart’s disease and unaffected fetuses at 18 — 22 weeks of gestational
age. This finding was consistent with that reported by Ong CY et al, who found that
PAPP-A in pregnancies affected by fetal Hb Bart’s disease were not significantly
different from the control group (1.16 MoM vs 1.04 MoM) at 11 — 14 weeks of
gestational age(5).
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In conclusion, maternal serum free B-hCG in pregnancies with fetal Hb Bart’s
disease is significantly higher than in the unaffected ones whereas PAPP-A level seems
to be similar in both groups. However, the efficacy of free B-hCG alone as a predictor
of pregnancies affected by fetal Hb Bart’s disease among pregnancies at risk is
relatively low. The other ultrasound markers such as cardiothoracic ratio, placental
thickness, peak systolic velocity of middle cerebral artery or the other serum analytes
may be further investigated to be used in combination with free B-hCG in Hb Bart’s
disease screening program.

References

1. Srisupundit K, Piyamongkol W, Tongsong T. Identification of fetuses with
hemoglobin Bart's disease using middle cerebral artery peak systolic velocity.
Ultrasound Obstet Gynecol 2009;33:694-7.

2. Tongsong T, Wanapirak C, Sirichotiyakul S. Placental thickness at mid-
pregnancy as a predictor of Hb Bart's disease. Prenatal diagnosis 1999;19:1027-30.

3. Tongsong T, Wanapirak C, Sirichotiyakul S, Piyamongkol W, Chanprapaph P.
Fetal sonographic cardiothoracic ratio at midpregnancy as a predictor of Hb Bart
disease. J Ultrasound Med 1999;18:807-11.

4. Saller DN, Jr., Canick JA, Oyer CE. The detection of non-immune hydrops
through second-trimester maternal serum screening. Prenatal diagnosis 1996;16:431-5.
5. Ong CY, Lee CP, Leung KY, Lau E, Tang MH. Human chorionic gonadotropin
and plasma protein-A in alpha0-thalassemia pregnancies. Obstetrics and gynecology
2006;108:651-5.

6. Tseng LH, Hwa HL, Chuang SM, Lee TY, Ko TM. Increased level of second
trimester maternal serum chorionic gonadotropin in pregnancy with a fetus affected by
homozygous alpha-thalassemia 1. Archives of gynecology and obstetrics
1994;255:113-7.

7. Benn PA, Egan JF, Ingardia CJ. Extreme second-trimester serum analyte values
in down syndrome pregnancies with hydrops fetalis. J Matern Fetal Neonatal Med
2002;11:262-5.

8. Saller DN, Jr., Canick JA, Schwartz S, Blitzer MG. Multiple-marker screening
in pregnancies with hydropic and nonhydropic Turner syndrome. American journal of
obstetrics and gynecology 1992;167:1021-4.

9. Spencer K, Liao AW, Skentou H, Cicero S, Nicolaides KH. Screening for
triploidy by fetal nuchal translucency and maternal serum free beta-hCG and PAPP-A
at 10-14 weeks of gestation. Prenatal diagnosis 2000;20:495-9.

10. Wald N, Densem J, Stone R, Cheng R. The use of free beta-hCG in antenatal
screening for Down's syndrome. British journal of obstetrics and gynaecology
1993;100:550-7.

11. Wald NJ, Rodeck C, Hackshaw AK, Rudnicka A. SURUSS in perspective.
Seminars in perinatology 2005;29:225-35.

12. Yaron Y, Heifetz S, Ochshorn Y, Lehavi O, Orr-Urtreger A. Decreased first
trimester PAPP-A is a predictor of adverse pregnancy outcome. Prenatal diagnosis
2002;22:778-82.

28



