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Neonate�Gender�and�
Gestational�Age�are�Independent�

Determinants�of�Cord�Blood�Troponin�I�

ABS�TRACT��Objective:�Troponin�is�an�inhibitory�protein�complex�located�on�the�actin�flament�in
all�striated�muscles.�Cardiac�Troponin�I�is�found�only�in�the�heart�and�has�been�used�as�a�sensitive
and�specific�marker�of�myocardial�injury.�Our�aim�was�to�investigate�the�different�percentile�lim-
its�and�determinants�of�cord�blood�cardiac�Troponin�I�(Tn�I)�concentrations.�Material�and�Methods:
A�total�of�378�consecutive�healthy�neonates�were�included�in�the�study.�Umbilical�cord�arterial�and
venous�blood�samples�were�obtained�at�the�time�of�delivery.�Concentrations�and�determinants�of
cardiac�Tn�I�were�analyzed�using�multivariate�analysis,�and�percentile�values�were�calculated.�Results:
Multivariate�analyses�showed�that�gestational�age�in�weeks�(B=�-0.17,�p=�0.02,�t=�-2.3)�and�fetal�gen-
der�(B=�-0.11,�p=0.03,�t=�-2.08)�were�independent�determinants�of�cord�blood�cardiac�Tn�I�concen-
trations.�The�cases�were�divided� into� term�(≥37�weeks�of�gestation)�and�pretem�(<37�weeks�of
gestation)�subgroups�for�the�ease�of�clinical�evaluation.�The�demographic�variables�of�mothers�of
term�and�preterm�infants�were�similar�(p>�0.05)�except�for�gestational�age�(p<�0.01).�Mothers�of
preterm�cases�had�significantly�more�frequent�tocolytic�therapy,�early�rupture�of�membranes,�hy-
pertension�and�cesarean�delivery�(p<�0.01).�Term�infants�had�more�frequent�labor�induction�and
labor�augmentation�(p<�0.01).�The�99th�percentile�limits�of�cardiac�Tn�I�were�3.8�ng/ml�in�male�(n=
47)�and�0.8�ng/ml�in�female�(n=�32)�for�pre-terms.�In�term�neonates,�these�values�were�2.7�ng/ml�in
males�(n=�166)�and�3.1�ng/ml�in�females�(n=�133).�Conclusion:�This�study�reports�the�different�car-
diac�Tn�I�percentile�limits�in�a�neonatal�population.�Our�results�suggested�that�the�upper�reference
limits�for�cardiac�Tn�I�may�vary�according�to�gestational�age�and�gender.�
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ÖZET� Amaç:�Troponin�tüm�çizgili�kasların�aktin�iğciği�üzerinde�bulunan�engelleyici�bir�protein-
dir.�Kalp�kaynaklı�Troponin�I�(Tn�I)�sadece�kalpte�bulunur�ve�kalp�kası�hasarının�duyarlı�ve�özgül
bir�belirteci�olarak�kullanılmıştır.�Çalışmamızın�amacı�göbek�bağı�kanında�kalp�kaynaklı�troponin
I�seviyesinin�belirleyicilerini�araştırmak�ve�persentillerini�belirlemektir.�Gereç�ve�Yöntemler:�Sağ-
lıklı�oldukları�kanıtlanmış�378�ardışık�yenidoğan�çalışmaya�alındı.�Doğum�sırasında�göbek�bağı�ka-
nından�arterial�ve�venöz�kan�örnekleri�alındı.�Göbek�bağı�kanı�kalp�kaynaklı�Tn�I�konsantrasyonları,
belirleyicileri�analiz�edildi�ve�persentil�değerleri�hesaplandı.�Bulgular:�Çok�değişkenli�analizde�ge-
belik�haftasının�(B=�-0.17,�p=�0.02,�t=�-2.3)�ve�yenidoğan�cinsiyetinin�(B=�-0.11,�p=�0.03,�t=�-2.08)
göbek�bağı�kanında�kalp�kaynaklı�TnI�değerlerinin�bağımsız�belirleyicileri�olduğu�bulundu.�Olgu-
lar�pratik�klinik�değerlendirme�için�preterm�(<37.�haftalık�gebelik)�ve�term�(≥37�haftalık�gebelik)
olarak�ayrıldı.�Preterm�ve�term�bebek�annelerinin�demografik�verileri�benzerdi�(p>�0.05)�ancak�ge-
belik�yaşı�iki�grup�arasında�anlamlı�olarak�farklıydı�(p<�0.001).�Preterm�yenidoğan�annelerinin
doğum�sırasındaki�özellikleri�term�yenidoğan�anneleri�ile�karşılaştırıldığında�preterm�anneleri�an-
lamlı�olarak�daha�fazla�tokolitik�tedavi�almış,�daha�fazla�erken�membran�rüptürüne�sahip,�daha�fazla
hipertansiyonu�olan�ve�daha�fazla�sezaryen�ile�doğum�yapmış�kişilerdi�(p<�0.01).�Term�bebek�an-
neleri�ise�daha�fazla�doğum�indüksiyon�ve�augmentasyonu�almıştı�(p<�0.01).�Pretermlerde�kalp�kay-
naklı�Tn�I’nın�99.�persentilleri�erkeklerde�(n=�47)�3.8�ng/ml,�kızlarda�(n=�33)�0.8�ng/ml�idi.�Yine�kalp
kaynaklı�Tn�I’nın�99.�persentil�değerleri�term�yenidoğan�kord�kanında�erkeklerde�(n=�166)�2.7�ng/ml
ve�kızlarda�(n=�133)�3.1�ng/ml�idi.�Sonuç:�Bu�çalışma�yenidoğan�topluluğunda�farklı�kord�Tn�I�per-
sentillerini�bildirmektedir.�Çalışmamızın�sonucunda�kalp�kaynaklı�Tn�I�seviyelerinin�gebelik�yaşı
ve�yenidoğan�cisiyetine�göre�değişebildiğini�gösterdik.��
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sc�he�mi�a�and�myo�car�di�al�nec�ro�sis�are�of�ten�re-
la�ted�to�pe�ri�na�tal�hypo�xi�a�and�as�so�ci�a�ted�with
ad�ver�se�out�co�mes�in�the�ne�o�na�tal�pe�ri�od.1-4 In

vit�ro�stu�di�es�sho�wed�that�pro�lon�ged�pre�na�tal�hy-
po�xi�a�can�ca�u�se�myo�car�di�al in�farc�ti�on�(MI)�and�a
per�sis�tent�dec�re�a�se�in�pos�tisc�he�mic�re�co�veryof�left
ven�tri�cu�lar� func�ti�on.5,6 Me�a�su�re�ments�of�car�di�ac
enz�ymes and�car�di�ac�spe�ci�fic�pro�te�ins�rep�re�sent�a
de�fi�ni�te�ad�van�ce�in�the�di�ag�no�sis�of�myo�car�di�al�da�-
ma�ge�in�the�adult�po�pu�la�ti�on.�One�of�the�de�fi�ni�ti�-
ve� cri�te�ri�a� of� MI� in� adults� is� in�cre�a�sed� car�di�ac
enz�yme�and�pro�te�in�le�vels�abo�ve�the�99th�per�cen�-
ti�le�re�fe�ren�ce�li�mits.7,8 Ho�we�ver,�bi�oc�he�mi�cal�mar�-
kers�es�pe�ci�ally�car�di�ac�pro�te�ins�ha�ve�not�be�en�used
ro�u�ti�nely�in�ne�o�na�tes�and�chil�dren�for�the�di�ag�no-
sis�of�MI. Mo�re�o�ver,�the�up�per�re�fe�ren�ce�li�mits�of
the�se�spe�ci�fic�mar�kers�in�the�ne�o�na�tal�po�pu�la�ti�on
ha�ve�not�be�en�de�fi�ni�tely�cla�ri�fi�ed.�

Tro�po�nin�is�an�in�hi�bi�tory�pro�te�in�comp�lex�lo-
ca�ted�on�the�ac�tin�fla�ment�in�all�stri�a�ted�musc�les
and�con�sists�of�thre�e�su�bu�nits�as�T,�C,�and�I.�Car�di�-
ac�tro�po�nin�I�is�the�su�bu�nit�that�in�hi�bits�ac�tom�yo�-
sin�AT�Pa�se�ac�ti�vity,�pre�ven�ting�musc�le�con�trac�ti�on
in�the�ab�sen�ce�of�Ca+2�in�the�hu�man�myo�car�di�um
and�re�le�a�sed�in�to�the�blo�ods�tre�am�af�ter�myo�car�di�-
al�da�ma�ge.�For�this�re�a�son,�car�di�ac�Tro�po�nin�I�has
be�en�used�as�a�sen�si�ti�ve�and�spe�ci�fic�mar�ker�of�my-
o�car�di�al�in�jury.9,10

A�num�ber�of�in�ves�ti�ga�tors inc�lu�ding�our�gro�up
ha�ve used�car�di�ac�tro�po�nins�to�de�tect�myo�car�di�al
da�ma�ge� in� ne�o�na�tes� un�der� va�ri�o�us� pat�ho�lo�gi�cal
con�di�ti�ons.11-21 Ho�we�ver,�in�most�of�the�se�stu�di�es,
dif�fe�rent�cut-off�va�lu�es�of�car�di�ac�Tro�po�nin�I�we�re
de�ter�mi�ned for�pre�dic�ti�on�of�pat�ho�lo�gi�cal�si�tu�a�ti�-
ons.�As� the�se� cut-off� va�lu�es� are� af�fec�ted� by� the
num�ber�of�ca�ses�with�pat�ho�lo�gi�cal�con�di�ti�ons,�they
may�not�ref�lect�the�nor�mal�po�pu�la�ti�on�va�lu�es�or
may�not�co�in�ci�de�with�95th and�99th per�cen�ti�les�of
the�ge�ne�ral�po�pu�la�ti�on.�Mo�re�o�ver,�a�nor�mal�re�fe�r-
en�ce�li�mit�of�car�di�ac�Tro�po�nin�I�as�say�in�ne�o�na�tes
has�still�not�yet�be�en�es�tab�lis�hed�by�the�Ame�ri�can
Na�ti�o�nal�Com�mit�te�e�for�Cli�ni�cal�and�La�bo�ra�tory
Stan�darts�pro�ce�du�res.22 In�ad�di�ti�on,�re�la�ti�vely�few
stu�di�es�in�ves�ti�ga�ted�the�up�per�re�fe�ren�ce�li�mits,�es-
pe�ci�ally�the�99th per�cen�ti�le�va�lu�es�of�car�di�ac�Tro-
po�nin�I� in�he�althy�ne�o�na�tes.23-27 The�aim�of�this

study�is�to�exa�mi�ne�the�dif�fe�rent�per�cen�ti�le�li�mits,
es�pe�ci�ally�the�99th per�cen�ti�le�va�lu�es�of�cord�blo�od
car�di�ac�Tro�po�nin�I,�in�he�althy�term�and�pre�term
ne�o�na�tes�and�to�in�ves�ti�ga�te�the�ma�jor�de�ter�mi�nants
of�car�di�ac�Tro�po�nin�I�le�vels.

MA TE RI AL AND MET hODs

Pa�ti�ents

The�study�was�per�for�med�bet�we�en�Feb�ru�ary�2004
and�Feb�ru�ary�2007 in�Ko�ca�e�li Uni�ver�sity,�De�part-
ment�of�Obs�tet�rics�and�Gyne�co�logy.�A�to�tal�of�446
con�se�cu�ti�ve�preg�nan�ci�es�ges�ta�ti�o�nal�ages�con�fir�med
ac�cor�ding�to�the�da�te�of�the�last�mens�tru�al�pe�ri�od�or
the� first� tri�mes�ter�ul�tra�so�nog�rap�hic�exa�mi�na�ti�on
we�re� en�rol�led� in� the� study.� Cord� ar�te�ri�al� blo�od
samp�les�we�re�col�lec�ted�im�me�di�a�tely�at�de�li�very�for
blo�od�gas�analy�sis,�and�cord�ve�no�us�blo�od�samp�les
we�re�col�lec�ted�for�Tro�po�nin�I�and�car�di�ac-spe�ci�fic
cre�a�ti�ne�ki�na�se�(CK-MB)�as�says�af�ter�cord�clam�ping
pri�or�to�pla�cen�tal�se�pa�ra�ti�on.�Among�the�se,�new-
borns�with�evi�den�ce�of�con�ge�ni�tal�in�fec�ti�on�or�sep-
sis,�fe�tal�dis�tress,�in�tra�u�te�ri�ne�growth�res�tric�ti�on
(£5th per�cen�ti�le�of�growth),�in�tra�u�te�ri�ne�hypo�xi�a,
and�ic�te�ric,�li�pe�mic�or�he�moly�zed�se�rum�we�re�not
inc�lu�ded�to�the�study�(n=47).�In�tra�u�te�ri�ne�hypo�xi�a
was�de�ter�mi�ned�as�the�cord�ar�te�ri�al�blo�od�pH<7,
base�ex�cess�<-8�and�pre�sen�ce�of�hypo�xic�isc�he�mic
en�cep�ha�lo�pathy.�Additionally,�new�borns�with�ma�-
jor�con�ge�ni�tal�ano�malies�(n=�13)�and�eight�ca�ses�of
early� ne�o�na�tal� de�aths� we�re� exc�lu�ded� from� the
study.�All�new�borns�we�re�exa�mi�ned�by�a�pe�di�at�ri-
ci�an�im�me�di�a�tely�af�ter�birth�and�the�he�althy�ne�o�-
na�tes�we�re�de�fi�ned�as�new�borns�that�sur�vi�ve�the
early�ne�o�na�tal�pe�ri�od�wit�ho�ut�the�ne�ed�for�re�sus�ci-
ta�ti�on�or�in�ten�si�ve�ca�re�unit�ad�mis�si�on,�sta�ying�by
the�ir�mot�hers�with�nor�mal�oral�fe�e�ding.�The�ne�o�-
na�tes�born�to�wo�men�that�had�high�risk�preg�nan�ci�-
es�we�re� inc�lu�ded� in� the� study� only� if� they� had
nor�mal�blo�od�glu�co�se,�cal�ci�um�and�C-re�ac�ti�ve�pro-
te�in�le�vels.�In�ca�se�of�early�rup�tu�re�of�the�mem�bra�-
nes,� ne�o�na�tes� with� nor�mal� C-re�ac�ti�ve� pro�te�in,
wit�ho�ut�evi�den�ce�of�mic�ro�bi�al�pat�ho�gen�in�blo�od
cul�tu�res�and�wit�ho�ut�le�u�cocy�te�in�the�gas�tric�as�pi-
ra�tes�we�re� inc�lu�ded� in� the� study.� � For� the� fi�nal
analy�sis,�378�he�althy�term�(37�to�42�we�eks�of�ges-
ta�ti�on,�n=299)� and�pre�term�new�borns� (³30,� <37
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we�eks,�n=�79),�cons�ti�tu�ted�the�study�po�pu�la�ti�on.
The�study�was�ap�pro�ved�by�the�lo�cal�et�hics�com-
mit�te�e�ac�cor�ding�to�Hel�sin�ki�dec�la�ra�ti�on�on�hu�man
stu�di�es,�and�all�pa�rents�ga�ve�their�writ�ten�in�for�med
con�sent�to�par�ti�ci�pa�te�in�the�study.

La�bo�ra�tory�anaLy�sis�

Car�di�ac�tro�po�nin�I�(TnI)�le�vels�we�re�analy�zed�in�3
ml�ali�qu�ot�from�ar�te�ri�al�cord�blo�od�samp�les�with�an
AxSYM�System�analy�zer�using�the�se�cond�ge�ne�ra-
ti�on�Ab�bott�car�di�ac�Tro�po�nin�I�mic�ro�par�tic�le�enz�-
yme�im�mu�no�as�say�(Ab�bott�Park,�IL.�USA).�For�this
as�say,�the�wit�hin-run�co�ef�fi�ci�ent�of�va�ri�a�ti�on�(CV)
was�6.6%,�and�the�ma�nu�fac�tu�rer�cla�ims�mi�ni�mal
cross-re�ac�ti�vity�with�car�di�ac�tro�po�nin�C�(0.01%),
car�di�ac�tro�po�nin�T�(0.34%),�and�ske�le�tal�tro�po�nin�I
(0.04%)�at�a�con�cen�tra�ti�on�of�1000�ng/ml.�The�lo�-
wer�li�mit�of�de�tec�ti�on�for�car�di�ac�Tro�po�nin�I in�this
as�say�was�0.1�ng/mL.�

sta�tis�ti�caL�anaLy�sis

SPSS�11.5�sta�tis�ti�cal�soft�wa�re�pac�ka�ge�prog�ram�was
used�for�sta�tis�ti�cal�analy�sis�of�the�study.�The�per-
cen�ti�le�va�lu�es�of�cord�blo�od�car�di�ac�Tro�po�nin�I�we�-
re�clas�si�fi�ed�ac�cor�ding�to�the�va�ri�ab�les�which�we�re
fo�und�to�pre�dict�the�ir�le�vels�ac�cor�ding�to�the�mul-
ti�va�ri�a�te�li�ne�ar�reg�res�si�on�analy�sis�using�back�ward
met�hod.�Va�ri�ab�les�eva�lu�a�ted�in�the�mo�del�we�re�the
pre�sen�ce�or�ab�sen�ce�of�to�coly�tic�the�raphy�(ri�tod�ri�-
ne�and�mag�ne�si�um),�in�tra�u�te�ri�ne�growth�res�tric�ti�-
on�(6�to�10th growth�per�cen�ti�le),�early�rup�tu�re�of
the�mem�bra�nes,�ma�ter�nal�age,�ma�ter�nal�body�mass
in�dex,�mo�de� of� de�li�very,�ma�ter�nal� pre�ec�lamp�si�a

and�hyper�ten�si�on,�ges�ta�ti�o�nal�age�in�we�eks,�fe�tal
we�ight,�ma�le�or�fe�ma�le�fe�tal�gen�der.�In�the�mul�ti-
va�ri�a�te�li�ne�ar�reg�res�si�on�mo�del,�ma�le�fe�tal�gen�der
(B=�-0.11,�p=�0.03,�t=�-2.08)�and�ges�ta�ti�o�nal�age�in
we�eks�(B=�-0.17,�p=�0.02,�t=�-2.3)�we�re�in�de�pen�dent
pre�dic�tors�of�in�cre�a�sed�car�di�ac�Tro�po�nin�I�le�vels
and�the�per�cen�ti�le�va�lu�es�of�car�di�ac�Tro�po�nin�I�we�-
re�ca�te�go�ri�zed�con�sis�tent�with�the�se�two�va�ri�ab�les.�

RE sULTs

Ba�se�li�ne�cli�ni�cal�cha�rac�te�ris�tics�of�the�mot�hers�of
378�he�althy�term�and�pre�term�ne�o�na�tes�and�in�tra-
par�tum�va�ri�ab�les�a�re�shown�in�Tab�le�1�and�Tab�le�2.
Ma�ter�nal�age,�nul�li�pa�rity,�body�mass�in�dex,�edu�ca-
ti�on�sta�tus,�ane�mi�a�and�pre�va�len�ce�of�ma�ter�nal�sys-
te�mic� di�se�a�se� we�re� si�mi�lar� in� the� two� gro�ups.
To�bac�co� use� was� sig�ni�fi�cantly� mo�re� fre�qu�ent
among�mot�hers�of�pre�term�ne�o�na�tes�(p=0.01,�Tab�-
le�1).�

In�duc�ti�on�of�la�bor�using�mi�sop�ros�tol�and�oxy-
to�cin� aug�men�ta�ti�on� of� la�bor�was�mo�re� fre�qu�ent
among�term�preg�nan�ci�es�com�pa�red�to�pre�term�de-
li�ve�ri�es�(p=�0.003�and�p<�0.001�res�pec�ti�vely,�Tab�le
2).�On�the�ot�her�hand,�to�coly�tic�the�rapy�(p<�0.001),
hyper�ten�si�on�(p=�0.003),�early�rup�tu�re�of�the�mem-
bra�nes�(p<�0.001)�and�Ce�sa�re�an�de�li�very�(p<�0.001)
we�re�mo�re�fre�qu�ent�in�pre�term�de�li�ve�ri�es�com�pa�-
red�to�term�de�li�ve�ri�es�(Tab�le�2).

The�me�an�ges�ta�ti�o�nal�age�of�pre�term�fe�ma�les
was�si�mi�lar�to�the�ges�ta�ti�o�nal�age�of�pre�term�ma�les.
(34.6�±�2.4 we�eks ver�sus�34.6�±�1.9 we�eks,�p=�0.9).
Tab�le�3�re�ports�the�dif�fe�rent�per�cen�ti�le�va�lu�es�of
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Risk factor Mothers of Preterms (n=79) Mothers of Terms (n=299) p

Age (years) 27.2 ± 5.7 28.8 ± 5 0.1

Gestational age (weeks) 34.7 ± 2 39 ± 1 <0.001

Nulliparity (%) 43 (54.4) 139 (46.5) 0.2

Body mass index (kg/m2) 27.2 ± 5.2 28.2 ± 4.2 0.3

Tobacco use (%) 16 (20.2) 31 (10.3) 0.01

Education 8 years (%) 29 (36.7) 106 (35.4) 0.8

Anemia (%) 10 (12.7) 23 (7.7) 0.1

systemic disease* (%) 7 (8.8) 25 (8.3) 0.8

TABLE 1: Demographic characteristics of the pregnant women in the study population (n= 378). 
The values are presented as mean ± standart deviation or numbers and percentages.

* Includes maternal cardiac and pulmonary disease, thyroid disease, epilepsy, cirrhosis of the liver, chronic renal failure and ulcerative colitis.



car�di�ac�Tro�po�nin�I� in�the�study�po�pu�la�ti�on.�The
99th�per�cen�ti�le�va�lu�e�of�car�di�ac�Tro�po�nin�I�was�3.8
ng/ml�in�ma�le�and�0.8�ng/ml�in�fe�ma�le�pre�term�ne�-
o�na�tes�(Tab�le�3).�Ho�we�ver,�this�va�lu�e�was�3.1�ng/ml
in�term�fe�ma�le�ne�o�na�tes�and�2.7�ng/ml�in�term�ma�-
le�new�borns�(Tab�le�3).�The�his�tog�ram�of�cord�blo�-
od�car�di�ac�Tro�po�nin�I�va�lu�es�in�378�new�borns�is
pre�sen�ted�in�Fi�gu�re�1.

DIs CUs sI ON

The�pre�sent�study�de�mons�tra�ted�dif�fe�rent�per�cen�-
ti�le�va�lu�es�of�cord�blo�od�car�di�ac�Tro�po�nin�I�in�a�ne�-
o�na�tal� po�pu�la�ti�on� inc�lu�ding� he�althy� term� and
pre�term�new�borns.�Le�vel�of�car�di�ac�Tro�po�nin�I was
strongly�as�so�ci�a�ted�with�ges�ta�ti�o�nal�age�in�we�eks
and�fe�tal�gen�der.

The�first�stu�di�es�in�ves�ti�ga�ted�re�fe�ren�ce�ran�ges
of�car�di�ac�Tro�po�nin�I�le�vels�in�a�non-adult�po�pu�la-
ti�on�was�conducted�by�Hirsch�et�al. in�1997�and
Sol�din�et� al. in�1999.23,28 Alt�ho�ugh� the�se� stu�di�es�
we�re�performed�in�he�te�ro�ge�ne�o�us�po�pu�la�ti�ons�inc�-
lu�ding� chil�dren, two� dis�tinct� re�sults� ap�pe�a�red.
Hirsch�et�al. un�der�li�ned�that�car�di�ac�Tro�po�nin�I�va�-
lu�es�were�ge�ne�rally�not�ele�va�ted�in�chil�dren�with
stab�le�car�di�ac�di�se�a�se.28 Ne�vert�he�less,�Sol�din�et�al.
re�por�ted�a�new�and�ex�ci�ting�da�ta:�Car�di�ac�Tro�po�nin
I�va�lu�es�we�re�hig�her�du�ring�the�first�ye�ar�of�li�fe.23

Si�mul�ta�ne�o�usly,�Qu�i�vers�et�al. un�der�li�ned�the�ef-
fect�of�ges�ta�ti�o�nal�age,�birth�we�ight�and�di�se�a�se�on
car�di�ac�Tro�po�nin�I�le�vels.29 They�fo�und�that�car�di�-
ac�Tro�po�nin�I�frac�ti�ons�we�re�gre�a�test�in�the�pre�-
term� in�fants,� dec�re�a�sed� with� in�cre�a�sing� ges�ta�-
ti�o�nal�age�and�birth�we�ight.29 Both�Sol�din�et�al. and
Qu�i�vers�et�al. spe�cu�la�ted�that�apop�to�sis�which�co�-
uld�oc�cur�af�ter�birth�and�to�a�gre�a�ter�deg�re�e�in�the
pre�term�in�fant�might�be�a�pos�sib�le�exp�la�na�ti�on�for
the�ele�va�ted�car�di�ac�Tro�po�nin� I� in� this�age� ran�-
ge.23,29 Af�ter�the�se�first�ob�ser�va�ti�ons,�a�bri�ef�com-
mu�ni�ca�ti�on�abo�ut�the�car�di�ac�Tro�po�nin�I�le�vels�in
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Variable Mothers of Preterms (n=79) Mothers of Terms (n=299) p

Tocolytic ritodrine therapy 16 (20.2) 3 (1) <0.001*

Misoprostol induction 7 (8.9) 72 (24.1) 0.003*

Oxytocin induction 2 (2.5) 7 (2.3) 0.9

Oxytocin augmentation 26 (32.9) 180 (60.2) <0.001*

Diabetes mellitus 8 (10.2) 25 (8.4) 0.6

hypertension 9 (11.3) 10 (3.3) 0.003*

Intrauterine growth restriction (6-10th growth percentile) 8 (10.1) 22 (7.4) 0.4

Oligohydramnios 12 (15.2) 33 (11) 0.3

Polyhydramnios 3 (3.8) 10 (3.3) 0.8

Early rupture of the membranes 22 (27.8) 30 (10) <0.001*

Meconium stained amniotic fluid 4 (5.1) 27 (9) 0.2

Epidural anesthesia 3 (3.8) 26 (8.7) 0.1

Cesarean delivery 45 (57) 95 (31.8) <0.001*

TABLE 2: Intra-partum variables of the mothers of healty term and preterm neonates (n=378). 
The values are presented as mean ± standart deviation or numbers and percentages.  

 statistically significant (p<0.05), chi-square test.

Preterm Term

Percentile Female Male Female Male

(n= 32) (n= 47) (n= 133) (n= 166)

5th 0 0 0 0

10th 0 0 0 0

25th 0 0 0 0

50th 0 0.3 0 0

75th 0.2 0.9 0.6 0.6

90th 0.47 2.2 1.1 1.23

95th 0.67 3.1 1.6 1.83

99th 0.80 3.8 3.1 2.7

TABLE 3: Different percentile values of cardiac Troponin I in
the healthy term and preterm neonates.



umb�li�cal�cord�blo�od�was�re�por�ted�by�En�gin�et�al.24

They�fo�und�in�cre�a�sed�car�di�ac�Tro�po�nin�I�le�vels�in
hyper�ten�si�ve�di�sor�ders�and�pre�term�de�li�ve�ri�es.�Ho�-
we�ver,�the�ir�study�po�pu�la�ti�on�con�sis�ted�of�non-he�-
althy�ne�o�na�tes.24 Fle�ming�et�al. in�ves�ti�ga�ted�car�di�ac
Tro�po�nin�I�le�vels�in�um�bi�li�cal�ar�tery�blo�od�in�re�la-
ti�on�to�fe�tal�he�art�ra�te�ab�nor�ma�li�ti�es�and�re�por�ted
low�car�di�ac�Tro�po�nin�I�con�cen�tra�ti�ons�in�16�he�-
althy�term�new�borns.30 Si�mi�larly,�Tre�vi�sa�nu�to�et�al.
fo�und�low�car�di�ac�Tro�po�nin�I�con�cen�tra�ti�ons�in�the
cord�blo�od�of�90�he�althy�term�ne�o�na�tes.31

Du�ring�the�se�ob�ser�va�ti�ons,�one�of�the�ot�her�in-
te�rests�abo�ut�car�di�ac�bi�o�mar�kers�in�the�ne�o�na�tal�pe-
ri�od�was�emer�ged�regarding�the�re�la�ti�on�bet�we�en
cord�blo�od�tro�po�nin�le�vel�and�po�or�out�co�me.�Se�v-
e�ral�in�ves�ti�ga�tors�inc�lu�ding�our�gro�up�stu�di�ed cord
blo�od�car�di�ac�Tro�po�nin�I as�a�prog�nos�tic�or�pre�dic-
ti�ve�mar�ker un�der� va�ri�o�us� pat�ho�lo�gi�cal� con�di�ti�-
ons.11-16 Ho�we�ver�sug�ges�ting�an�up�per�li�mit�for�the
re�fe�ren�ce�in�ter�val�of�car�di�ac�Tro�po�nin�I was�se�e�-
med�es�sen�ti�al�es�pe�ci�ally�for�the�in�ter�pre�ta�ti�on�of
the�se�me�a�su�re�ments� in�sick�new�borns.�Unfortu-
nately,� re�la�ti�vely� few� stu�di�es� in�ves�ti�ga�ted� the�
up�per�re�fe�ren�ce�li�mits,�es�pe�ci�ally�the�99th per�cen�ti�-
le�va�lu�es�of�car�di�ac�Tro�po�nin�I�in�he�althy�ne�o�na�-
tes.25-27 Ara�u�jo� et� al. re�por�ted� plas�ma� car�di�ac
Tro�po�nin�I�con�cen�tra�ti�ons�and�dif�fe�rent�per�cen�ti�-
le�li�mits�in�206�he�althy�new�borns.26 The�in�ves�ti�ga-
tors�fo�und�that�plas�ma�car�di�ac�Tro�po�nin�I�le�vels
we�re�hig�her�in�new�borns�com�pa�red�to�adults.�One
im�por�tant�fin�ding�of�the�ir�study�was�lo�wer�con�cen-
tra�ti�ons�of�car�di�ac�Tro�po�nin�I�in�new�borns�in�the
first�48�ho�urs�of�li�fe�than�tho�se�fo�und�48 ho�urs�la�-

ter.26 The�most�im�por�tant�and�the�lar�gest�study�on
the�re�fe�ren�ce�va�lu�es�for�cord�blo�od�car�di�ac�Tro�po�-
nin�I�in�he�althy�ne�o�na�tes�was�performed�by�Ba�um
et�al.27 Com�pa�red�to�the�adult�va�lu�es,�the�new�born
up�per�li�mit�for�car�di�ac�Tro�po�nin�I�was�do�ub�le�in
cord�blo�od�of�869�he�althy�new�borns.�The�in�ves�ti-
ga�tors�es�pe�ci�ally�un�der�li�ned�that�hig�her�re�fe�ren�ce
va�lu�es�for�car�di�ac�tro�po�nins�in�ne�o�na�tes�do�not�se�-
em�to�be�res�tric�ted�to�one�sing�le�as�say�of�tro�po�nin,
but�ins�te�ad�may�rep�re�sent�a�ne�o�na�te-re�la�ted�phe-
no�me�non.27 Si�mi�lar�to�Sol�din�et�al. and�Qu�i�vers�et
al.,�they�exp�la�i�ned�this�ele�va�ti�on�by�apop�to�sis.�Fi-
nally,�they�conc�lu�ded�that�for�cli�ni�cal�pur�po�ses,�it
is�ne�ces�sary�to�es�tab�lish�re�fe�ren�ce�va�lu�es�for�ne�o�na�-
tes�for�each�sing�le�tro�po�nin�as�say.23,27,29

Si�mi�lar�to�the�re�sults�of�Ba�um�et�al.,25 we�fo�-
und�hig�her�re�fe�ren�ce�va�lu�es�by�using�a�dif�fe�rent
tro�po�nin�as�say�in�he�althy�ne�o�na�tes. Ho�we�ver,�our
study�has�so�me�im�por�tant�dif�fe�ren�ces.�First,�the�ir
study�inc�lu�ded�only�he�althy�term�ne�o�na�tes.�Ne�v-
ert�he�less,�we�fo�und�sig�ni�fi�cant�dif�fe�ren�ces�for�the
dif�fe�rent�per�cen�ti�le�li�mits�of�car�di�ac�Tro�po�nin�I�in
terms�and�pre-terms.�Se�cond,�we�used�mul�ti�va�ri�a�-
te�analy�sis�to�in�ves�ti�ga�te�the�pa�ra�me�ters�which�co�-
uld�af�fect�the�le�vels�of�car�di�ac�Tro�po�nin�I.�Ba�um�et
al. only�used�t test�and�fo�und�no�sig�ni�fi�cant�dif�fe�r-
en�ces�for�car�di�ac�Tro�po�nin�I�le�vels�in�ma�les�and�fe-
ma�les.25 Ho�we�ver,�we�fo�und�sta�tis�ti�cally�sig�ni�fi�cant
dif�fe�ren�ces�bet�we�en�the�va�lu�es�of�ma�les�and�fe�ma�-
les.�Mo�re�o�ver,�gen�der�was�ap�pe�a�red�as�one�of�the
im�por�tant�de�ter�mi�nants�of�car�di�ac�Tro�po�nin�I�le�v-
els�in�our�mul�ti�va�ri�a�te�analy�ses.�Third,�the�ir�study
po�pu�la�ti�on�cha�rac�te�ris�tics�only�inc�lu�ded�the�type
of�de�li�very,�birth�we�ight�and�he�ight.�Ho�we�ver,�a
lar�ge�de�mog�rap�hic�cha�rac�te�ris�tics�and�in�tra-par�tum
va�ri�ab�les�which�co�uld�af�fect�le�vels�of�car�di�ac�Tro-
po�nin�I�le�vels�we�re�employed�in�the�pre�sent�study.�

The�most� im�por�tant� fin�ding� of� the� pre�sent
study�is�on�the�re�sults�of�the�mul�ti�va�ri�a�te�analy�sis
for�the�de�ter�mi�nants�of�cord�blo�od�car�di�ac�Tro�po�-
nin�I�le�vels.�Both�fe�tal�gen�der�and�ges�ta�ti�o�nal�age
we�re�the�stron�gest�de�ter�mi�nants�of�cord�blo�od�car-
di�ac�Tro�po�nin�I�con�cen�tra�ti�ons.�Qu�i�vers�et�al.�were
the first�who�re�por�ted�the�ef�fect�of�ges�ta�ti�o�nal�age
on�car�di�ac�Tro�po�nin�I�le�vels.�In�their�small�ne�o�na-
tal�gro�up�(12�pre�ma�tu�re�in�fants,�ges�ta�ti�o�nal�age�<37
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FIGURE 1: histogram of cord blood cardiac Troponin I values in 378 healthy new-
borns.



we�eks�and�6�term�in�fants),�com�pa�ri�son�of�car�di�ac
Tro�po�nin�I�le�vels�bet�we�en�pre�terms�and�terms�sho�-
wed�that�hig�her�le�vels�of�car�di�ac�Tro�po�nin�I�was
ob�ser�ved�in�pre�terms�and�the�value�dec�re�a�sed�with
in�cre�a�sing�ges�ta�ti�o�nal�age.29 This�si�tu�a�ti�on�was�al�so
ob�ser�ved�in�the�study�of�Ara�u�jo�et�al.26 Our�fin�dings
con�fir�med�this�re�sult�in�a�lar�ger�po�pu�la�ti�on.�The�se
fin�dings�sug�ges�ted�the�sa�me�and�the�most�fa�vo�red
opi�ni�on�of�ot�her�in�ves�ti�ga�tors�that�the�hig�her�car-
di�ac�Tro�po�nin�I�le�vels�du�ring�the�first�months�of�li�-
fe�may�be�a�sign�of�apop�to�sis.�It�is�well�known�that
myo�car�di�al�apop�to�sis�is�a�part�of�nor�mal�fe�tal�and
post�na�tal�ma�tu�ra�ti�on.32 It�has�al�so�be�en�shown�that
ne�o�na�tal�myo�car�di�um�is�mo�re�vul�ne�rab�le�to�myo�-
car�di�al�apop�to�sis� than�ma�tu�re�myo�car�di�um�af�ter
va�ri�o�us�sti�mu�li.32,33 Chan�dras�hek�har�et�al.�sho�wed
that�cas�pa�se�in�hi�bi�ti�on�re�du�ced�myo�car�di�al�cas�pa�-
se�3�ac�ti�va�ti�on,�and�this�was�ac�com�pa�ni�ed�by�less
cle�a�va�ge�of�tro�po�nin-I�and�fe�wer�apop�to�tic�car�di�-
om�yocy�tes.34 All�the�se�ob�ser�va�ti�ons�sug�ges�ted�that
the�apop�to�tic�pro�cess�of�pre�term�hu�man�myo�car�di�-
um�can�le�ad�to�ele�va�ti�on�of�car�di�ac�Tro�po�nin�I�le�-
vels.�Thus,�ges�ta�ti�o�nal�age�in�we�eks�and�dif�fe�rent
re�fe�ren�ce�li�mits�of�car�di�ac�Tro�po�nin�I�es�pe�ci�ally�in
the�pre�term�pe�ri�od�sho�uld�be�ta�ken�in�to�ac�co�unt
du�ring�in�ter�pre�ta�ti�on�of�car�di�ac�Tro�po�nin�I�le�vels
in�ne�o�na�tes.

The�ot�her�de�ter�mi�nant�of�cord�blo�od�car�di�ac
Tro�po�nin�I�le�vels�in�the�study�po�pu�la�ti�on�was�gen-
der.�In�the�study�of�Ba�um�et�al.,�the�in�ves�ti�ga�tors
fo�und�a�sta�tis�ti�cally�sig�ni�fi�cant�dif�fe�ren�ce�for�car-
di�ac�tro�po�nin�T�le�vels�in�ma�les�and�fe�ma�les.�Ho�w-
e�ver,�a�sig�ni�fi�cant�dif�fe�ren�ce�for�car�di�ac�Tro�po�nin
I was�only�fo�und�bet�we�en�na�tu�ral�child�birth�and
Ca�e�sa�re�an�sec�ti�on.25 A�re�cent�study�of�Cle�ri�co�et�al.
sho�wed�that�cut-off�va�lu�es,�ba�sed�on�the�99th�per-

cen�ti�le�of�car�di�ac�Tro�po�nin�I�dis�tri�bu�ti�on�in�ap�pa�-
rently�he�althy�adults,�can�sig�ni�fi�cantly�vary�ac�cor�-
ding� to� age� and� gen�der� of� the� re�fe�ren�ce
po�pu�la�ti�on.35 Our�re�sults�al�so�de�mons�tra�ted�this�im-
por�tant�po�int�in�a�ne�o�na�tal�po�pu�la�ti�on.35 Gen�der
was�fo�und�to�be�af�fecting�nor�mal�re�fe�ren�ce�li�mits�of
car�di�om�yocy�te�da�ma�ge�both�in�the�adult�and�new-
born�po�pu�la�ti�ons.25,35,36 Myo�car�di�al�apop�to�sis�is�an
im�por�tant�com�po�nent�of�fe�tal�and�post�na�tal�he�art
ma�tu�ra�ti�on.�Ne�o�na�tal�myo�card�was�shown�to�be
mo�re�sen�si�ti�ve�than�adult�myo�card�to�ex�ter�nal�sti�-
mu�li�that�in�du�ced�apop�to�zis.37 So�me�in�ves�ti�ga�tors
cla�i�med�that�he�althy�term�fe�ma�le�new�borns�ha�ve
hig�her� le�vels� of� mar�kers� of� myo�car�di�al� da�ma�ge
which�might�eit�her be�du�e�to�mo�re�subc�li�ni�cal�my-
o�car�di�al�da�ma�ge�in�the�fe�ma�le�po�pu�la�ti�on�or�hig�-
her�le�vels�of�cat�he�co�la�mi�nes�in�the�pre�tem�fe�ma�le
new�borns�that�in�cre�a�sed�the�ir�sur�vi�val�ra�te.36,38 Mo�-
re�o�ver,�gen�der�was�fo�und�as�the�most�im�portant�in-
de�pen�dent�de�ter�mi�nant�of�myo�car�di�al�apop�to�zis�in
hu�man.38 This�dif�fe�ren�ce�was�al�so�evi�den�ced�by��the
dif�fe�rent�sur�vi�val�ra�tes�of�fe�ma�le�and�ma�le�pe�di�at�-
ric�po�pu�la�ti�on�in�dif�fe�rent�car�di�o�vas�cu�lar�di�se�a�ses
and�this�shows�dif�fe�ren�ti�al�ef�fect�of�sex�ste�ro�ids�on
myo�car�di�al�ge�ne�co-ac�ti�va�tor�and�co-rep�res�sors�and
post�trans�la�ti�o�nal�mo�di�fi�ca�ti�ons.40,41

In�conc�lu�si�on,�the�pre�sent�study�re�ports�dif�fe�-
rent�per�cen�ti�le� li�mits�and� in�de�pen�dent�de�ter�mi-
nants� of� car�di�ac� Tro�po�nin� I� in� a� ne�o�na�tal
po�pu�la�ti�on� inc�lu�ding� he�althy� pre�term� and� term
new�borns.�Our�re�sults�sug�ges�ted�that�the�up�per�re�f-
e�ren�ce�li�mits�for�car�di�ac�Tro�po�nin�I in�he�althy�ne�-
o�na�tes�may�vary� ac�cor�ding� to�ges�ta�ti�o�nal� age� in
we�eks�and�gen�der.�Furt�her�stu�di�es�are�re�qu�i�red�to
con�firm�the�se�re�sults.�

Turkiye�Klinikleri�J�Med�Sci�2010;30(3)1030

Çalışkan�ve�ark. Kadın�Hastalıkları�ve�Doğum

REFERENCEs

1. Van Bel F,Walther FJ.Myocardial dysfunction
and cerebral blood flow velocity following birth
asphyxia. Acta Paediatr scand 1990; 79: 756–
62.

2. MacDonald hM, Mulligan JC, Allen AC, Taylor
PM. Neonatal asphyxia. I. Relationship of ob-
stetric and neonatal complications to neona-
tal mortality in 38,405 consecutive deliveries.
J Pediatr 1980;96(5):898-902.

3. Clark sJ, Newland P, Yoxall CW, subhedar
NV. Cardiac troponin T in cord blood. Arch Dis
Child Fetal Neonatal Ed  2001;84(1):F34-7.

4. Barberi I, Calabrò MP, Cordaro s, Gitto E, sot-
tile A, Prudente D, et al. Myocardial ischaemia
in neonates with perinatal asphyxia. Electro-
cardiographic, echocardiographic and enzy-
matic correlations. Eur J Pediatr  1999;158(9):
742-7.

5. Li G, Xiao Y, Estrella JL, Ducsay CA, Gilbert
RD, Zhang L. Effect of fetal hypoxia on heart
susceptibility to ischemia and reperfusion in-
jury in the adult rat. J soc Gynecol Investig
2003;10(5):265-74.

6. Rohlicek CV, Matsuoka T, saiki C. Cardio-
vascular response to acute hypoxemia in adult
rats hypoxemic neonatally. Cardiovasc Res
2002;53(1):263-70.



Turkiye�Klinikleri�J�Med�Sci�2010;30(3) 1031

Gynecology�and�Obstetrics Çalışkan�et�al

7. Alpert Js, Thygesen K, Antman E, Bassand
JP. Myocardial infarction redefined--a con-
sensus document of The Joint European 
society of Cardiology/American College of
Cardiology Committee for the redefinition of
myocardial infarction. J Am Coll Cardiol
2000;36(3):959-69.

8. Thygesen K, Alpert Js, White hD; Joint
EsC/ACCF/AhA/WhF Task Force for the Re-
definition of Myocardial Infarction. Universal
definition of myocardial infarction. J Am Coll
Cardiol  2007;50(22):2173-95.

9. hunkeler NM, Kullman J, Murphy AM. Tro-
ponin I isoform expression in human heart.
Circ Res  1991;69(5):1409-14.

10. Bertinchant JP, Larue C, Pernel I, Ledermann
B, Fabbro-Peray P, Beck L, et  al. Release ki-
netics of serum cardiac troponin I in ischemic
myocardial injury. Clin Biochem 1996;29(6):
587-94.

11. Türker G, Babaoğlu K, Gökalp As, sarper N,
Zengin E, Arisoy AE. Cord blood cardiac tro-
ponin I as an early predictor of short-term out-
come in perinatal hypoxia. Biol Neonate
2004;86(2):131-7.

12. Türker G, sarper N, Babaoğlu K, Gökalp As,
Duman C, Arisoy AE. Early prognostic signifi-
cance of umbilical cord troponin I in critically ill
newborns. Prospective study with a control
group. J Perinat Med  2005;33(1):54-9.

13. Caliskan E, Doger E, Çakıroglu Y, Duman C,
Turker G, Yucesoy I. Cord Blood Cardiac Tro-
ponin I and Creatine kinase MB levels in poor
neonatal outcomes. J Turkish German Gy-
necol Assoc 2006;7(2):98-102.

14. Blackwell sC, Redman ME, Whitty JE, Re-
fuerzo Js, Berry sM, sorokin Y,  et al. The ef-
fect of intrapartum magnesium sulfate therapy
on fetal cardiac troponin I levels at delivery. J
Matern Fetal Neonatal Med  2002;12(5):327-
31.

15. Trevisanuto D, Picco G, Golin R, Doglioni N,
Altinier s, Zaninotto M, et al. Cardiac troponin
I in asphyxiated neonates. Biol Neonate
2006;89(3):190-3. 

16. Trevisanuto D, Pitton M, Doglioni N, Altinier s,
Zaninotto M, Plebani M,  et al. Cord blood car-
diac troponin T and troponin I levels in multi-
ple-gestation neonates. Biol Neonate  2004;85
(4):269-72.

17. Trevisanuto D, Zaninotto M, Altinier s, Plebani
M, Zanardo V. high serum cardiac troponin T
concentrations in preterm infants with respira-
tory distress syndrome. Acta Paediatr  2000;
89(9):1134-6.

18. Narin N, Cetin N, Kiliç h, Başbuğ M, Narin F,
Kafali M, et al. Diagnostic value of troponin T
in neonates of mild pre-eclamptic mothers.
Biol Neonate 1999;75(2):137-42.

19. Trevisanuto D, Lachin M, Zaninotto M, Pelle-
grino PA, Plebani M, Cantarutti F,  et al. Car-
diac troponin T in newborn infants with
transient myocardial ischemia. Biol Neonate
1998;73(3):161-5.

20. Möller JC, Thielsen B, schaible TF, Reiss I,
Kohl M, Welp T,  et al. Value of myocardial hy-
poxia markers (creatine kinase and its MB-
fraction, troponin-T, QT-intervals) and serum
creatinine for the retrospective diagnosis of
perinatal asphyxia. Biol Neonate  1998;73(6):
367-74.

21. Doğan M, Meşe T, Dizdarer C. Cardiac in-
volvement in perinatal asphyxia: myoglobin,
creatinine kinase myocardial band. Troponin I
and myocardial performance index. Turkiye
Klinikleri J Pediatr 2004;13(4):207-12.

22. Wayne PA, how to define and determine ref-
erence intervals in the clinical laboratory; ap-
proved guideline. Editör: NCCLs, National
Committee for Clinical Laboratory standards.,
2nd ed. [Replaces C28-A, Vol. 15, No. 4]:
NCCLs, 2000, Vol. 20, No. 13 C28–A2. 

23. soldin sJ, Murthy JN, Agarwalla PK, Ojeifo O,
Chea J. Pediatric reference ranges for crea-
tine kinase, CKMB, Troponin I, iron, and cor-
tisol. Clin Biochem  1999;32(1):77-80.

24. Engin Y, Ustün Y, Kurtay G. Cardiac troponin
I levels in umbilical cord blood. Int J Gynaecol
Obstet  2002;77(3):239-41.

25. Trevisanuto D, Pitton M, Altinier s, Zaninotto
M, Plebani M, Zanardo V. Cardiac troponin I,
cardiac troponin T and creatine kinase MB
concentrations in umbilical cord blood of
healthy term neonates. Acta Paediatr
2003;92(12):1463-7.

26. Araújo K, da silva J, sañudo A, Kopelman B.
Plasma concentrations of cardiac troponin I in
newborn infants. Clin Chem  2004;50(9):1717-
8.

27. Baum h, hinze A, Bartels P, Neumeier D. Ref-
erence values for cardiac troponins T and I in
healthy neonates. Clin Biochem  2004;37(12):
1079-82.

28. hirsch R, Landt Y, Porter s, Canter CE, Jaffe
As, Ladenson Jh, et al. Cardiac troponin I in
pediatrics: normal values and potential use in
the assessment of cardiac injury. J Pediatr
1997;130(6):872-7.

29. Quivers Es, Murthy JN, soldin sJ. The effect
of gestational age, birth weight, and disease
on troponin I and creatine kinase MB in the
first year of life. Clin Biochem 1999;32(6):419-
21.

30. Fleming sM, O'Gorman T, O'Byrne L, Grimes
h, Daly KM, Morrison JJ. Cardiac troponin I
and N-terminal pro-brain natriuretic peptide in
umbilical artery blood in relation to fetal heart

rate abnormalities during labor. Pediatr Car-
diol  2001;22(5):393-6.

31. Trevisanuto D, Pitton M, Altinier s, Zaninotto
M, Plebani M, Zanardo V. Cardiac troponin I,
cardiac troponin T and creatine kinase MB
concentrations in umbilical cord blood of
healthy term neonates. Acta Paediatr  2003;92
(12):1463-7.

32. Karimi M, Wang LX, hammel JM, Mascio CE,
Abdulhamid M, Barner EW,  et al. Neonatal
vulnerability to ischemia and reperfusion: Car-
dioplegic arrest causes greater myocardial
apoptosis in neonatal lambs than in mature
lambs. J Thorac Cardiovasc surg 2004;127
(2):490-7.

33. Caldarone CA, Barner EW, Wang L, Karimi M,
Mascio CE, hammel JM, et al. Apoptosis-re-
lated mitochondrial dysfunction in the early
postoperative neonatal lamb heart. Ann Tho-
rac surg 2004;78(3):948-55.

34. Chandrashekhar Y, sen s, Anway R, shuros
A, Anand  I. Long-term caspase inhibition
ameliorates apoptosis, reduces myocardial
troponin-I cleavage, protects left ventricular
function, and attenuates remodeling in rats
with myocardial infarction. J Am Coll Cardiol
2004;43(2):295-301.

35. Clerico A, Fortunato A, Ripoli A, Prontera C,
Zucchelli GC, Emdin M. Distribution of plasma
cardiac troponin I values in healthy subjects:
pathophysiological considerations. Clin Chem
Lab Med  2008;46(6):804-8.

36. Lipshultz sE, simbre VC 2nd, hart s, Rifai N,
Lipsitz sR, Reubens L, et al. Frequency of el-
evations in markers of cardiomyocyte damage
in otherwise healthy newborns. Am J Cardiol
2008;102(6):761-6.

37. Karimi M, Wang LX, hammel JM, Mascio CE,
Abdulhamid M, Barner EW, et al. Neonatal
vulnerability to ischemia and reperfusion: Car-
dioplegic arrest causes greater myocardial
apoptosis in neonatal lambs than in mature
lambs. J Thorac Cardiovasc surg  2004;127
(2):490-7.

38. Ingemarsson I. Gender aspects of preterm
birth. BJOG  2003;110 suppl 20:34-8.

39. Mallat Z, Fornes P, Costagliola R, Esposito B,
Belmin J, Lecomte D, et al. Age and gender
effects on cardiomyocyte apoptosis in the nor-
mal human heart. J Gerontol A Biol sci Med
sci  2001;56(11):M719-23.

40. McKenna NJ, O'Malley BW. Combinatorial
control of gene expression by nuclear recep-
tors and coregulators. Cell  2002;108(4):465-
74. 

41. smith CL, O'Malley BW. Coregulator function:
a key to understanding tissue specificity of se-
lective receptor modulators. Endocr Rev
2004;25(1):45-71.


