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Aim To determine if prenatally measured cardiaetréponin T in theam
Method
Results
-EPO in 9 pregnancies with detectable
U/L). In 20 pathologic pregnancies with undete
as 39 U/L (range, 12-293 U/L). Ther asino aII si
Conclusion gieal pregnancie

Perinatal asphyxia may be associated
with fetal cardiac dysfunction due to myocardial
dysfunction (1,2). In neonates, asphyxia may lead
to ischemic myocardial damage and, in some ca-
ses, to subendocardial infarction (3-8).

Under the conditions of chronic hypo-
xia, fetus responds by blood flow redistribution to
vital organs, such as the brain and the heart. The
redistribution of blood flow to the heart (fetal
“heart sparing” effect) detected by assessment of
coronary blood flow is a further ominous sign of
fetal compromise during chronic hypoxia (9,10).
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jotic fluid (Am-TAT) could be used as

signs of fetal chronic hypoxia and myo-

wsed as a biochemical marker of fetal myocardial injury.

In adults, cardiac troponin T (TnT), the
structural protein that binds the troponin complex
to the tropomyosin molecular strand, has been
proposed as a specific biochemical marker of
myocardial infarction and some other conditions
with cardiac involvement (11-14). Cardiac TnT
seems to be an ideal marker of myocardial hypo-
xia and necrosis because of its cardiac tissue speci-
ficity, and large time window for its detection after
a cardiac event. Fetal myocardial damage during
pregnancy and/or delivery can be demonstrated in
the early neonatal period by high serum TnT con-
centration, which correlates with the degree of as-
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phyxia (15,16). However, there are no clear-cut
biochemical markers that would allow early iden-
tification of neonates at risk of brain damage or
posthypoxic heart failure.

Severe intrauterine growth restriction is
often associated with cardiovascular abnormali-
ties detectable by fetal echocardiography (17,18).
Increased concentration of erythropoietin in
amniotic fluid (Am-EPO > 11 U/L) indicates chro-
nic fetal hypoxia of any origin (19).

Type 1 diabetes may lead to macroso-
mia and fetal organomegalia with consequent ven-
tricular hypertrophy and thickening of the inter-
ventricular septum. The three pathological pro-
cesses implicated as possible causes of fetal com-
promise in diabetic pregnancies are fetal hypoxia,
fetal acidemia, and abnormalities of maternal and/
or fetal metabolism. The severity of fetal diabeti

Oun aim was to determine if prenatal
cardiac Am-TAT in the amniotic fluid could be

used as a biochemical marker of fetal
compromise. Bé
Patients a?&

Patients

The study group consisted of 29 women
with pathological pregnancy including 3 still-
births, 2 cases of RhD and anti-Kell isoimmunizati-
on, 2 cases of fetal hydrops, 7 singleton pregnan-
cies with intrauterine growth restriction (IUGR) es-
timated as fetal weight below 10th percentile, 2
twin pregnancies with [IUGR of either fetus, and 13
pregnancies with fetal macrosomia due to type 1
diabetes in mothers.

Five women with uneventful term preg-
nancies delivered by elective cesarean section
served as a control group. Macrosomia was de-
fined as a birth weight more than 2 standard devia-
tion (SD) units above and IUGR more than 2SD be-
low the mean value of the reference population.

Collection of Amniotic Fluid Samples

The samples of the amniotic fluid were
collected during clinically indicated amniocente-
sis in all diabetic pregnancies for the determina-
tion of the fetal lung maturity and Am-EPO con-
centration. In pregnancies with stillbirth, amniotic
fluid samples were collected during cesarean sec-
tion in one case and before elective induction of
labor in two other cases. Amniotic fluid samples
from pregnancies with hydrops due to RhD and
anti-Kell incompatibility were collected during the
first intrauterine red blood cell transfusion. In sin-
gleton and twin pregnancies with ITUGR and
pathological Doppler patterns (absent and/or re-
versed end-diastolic flow in the umbilical artery),

ir during the clini-
or the determina-

ion of Am-EPO
pital). In such ca
ameter in the eva

lowBiophysical scbre. The investigatrs were un-
aware of the Am-TnT results untll theyend of the

study.
Peo ain
tive ¢ arean ec uncomphted preg-
ec

h presepta#ofis and three re-
6ns). The women were heal-
thy_a ad healthy newborns with normal birth
weight. Samples were taken atraumatically when
entering the amniotic sac. None of the samples
contained blood or meconium.

ad at elec-

ate cesarea A

The local Ethics Committee approved
the study protocol and subjects gave informed
consent before the samples of amniotic fluid were
taken.

Amniotic Fluid EPO and TnT
Measurement

Fresh samples were analyzed immedi-
ately in the hospital laboratory. The determination
of the Am-EPO was conducted by a chemilumin-
escent immunological method (Immulite EPO As-
say; Diagnostic Products, Los Angeles, CA, USA).
Am-TnT analysis was performed by chemilumi-
nescent method with the lowest detection rate of
0.010 pg/L (Elecsys, Roche Diagnostics, Geneva,
Switzerland).
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Statistical Analysis

The results are presented as median and
range. Continuous variables were compared by
analysis of variance. Spearman’s correlation coef-
ficients were calculated to examine bivariate rela-
tionship. P<0.05 was considered statistically sig-
nificant. SPSS statistical package SPSS Inc. Chi-
cago, IL, USA, version 13.0, 2005) was used for
data analysis.

Results

Am-TnT was not detectable in any of the
amniotic fluid samples in the control group.
Am-EPO was normal (<11 U/L) in all amniotic
fluid samples from normal pregnancies, as ex-
pected. Am-TnT was detectable in 9 of 29 amnio-
tic fluid samples from pathological pregnancies
ranging from 0.01 pg/ L to 111.6 ian,
0.03 ng/L; Table 1). A as above normal
range in all ogic pr cies (>11 U/L).

Table 1. Clinical data on

Median concentration of Am-EPO in 9 pregnan-
cies with detectable Am-TnT was 198 U/L (range,
16-3,378 U/L). In 20 pathologic pregnancies with
undetectable Am-TnT, the median concentration
of Am-EPO was 39 U/L (range, 12-293 U/L). The
difference between the groups was of borderline
significance (P=0.051). Am-EPO concentration
showed positive correlation with Am-TnT concen-
tration considering all 29 pathological pregnancies
(r=0.526, P=0.003).

Discussion

In our study, Am-TnT was present in a
smaller proportion of pathological pregnancies
with specific fetal iaC pathology and signs of
fetal chromi poxia characterized by increased
-EPO, whereas it was undetéctable in normal
pregnancies.

<

necrosis occur
perinatal as-

d myocardi
ewborns wi

Ischemi
up to 25-51%

T*

Pregnancy gestation Am-EPO Am-TnT
outcome at birth (w clinical features weight (g) score uapH (U/L) (ug/L)
Stillbirth:
case 1 erine demise with
asymmetric IUGR,
oligohydramnios
case 2 35+0 fetal macrosomia with 4,0 6 4 days priol
interventricular sept: i
thickness

Fetal hydrops:

case 3
case 4
isoimmunization
case 5 4242 hydrops and heart failure at 4,130
gestational age 23+0 due to
parvo-virus infection
IUGR (singleton
pregnancy):
case 6 28+4 IUGR, umbilical artery and 840
ductus venosus reverse flow
case 7 29+1 IUGR, umbilical artery and 410

ductus venosus reverse flow
IUGR (twin pregnancy):

case 8 28+0 twin A-oligohydramnios, brain 700
sparing, IUGR and umbilical
artery reverse flow

case 9 32+0 twin B-umbilical artery 1,455

reverse flow, poor
cardiotocogram

ogram and Doppler

emergency cesarean section due to
poor bioprofile and cardiotocogram,
exitus on the third postnatal day

2 intrauterine red blood cell
transfusions, maternal drug addiction
and poor compliance, pulmonary
hypertension and 4
exsanguinotransfusions,
neurodevelopmental outcome normal
9 734 154 0.180 4 intrauterine blood cell transfusions,
resolution of hydrops at gestational age
28+0, normal vaginal birth with vigorous
healthy newborn

8 717 490 0.026 prenatal exposure to buprenorphine,
fetal tetralogy of Fallot, postnatal cardiac
surgery, periventricular leukomalacia,
died due to hemorrhage from
bronchomalacia

7 733 221 0.014 early neonatal death due to extreme
prematurity

7 716 151 0.030 dichorionic twins, unremarkable
postnatal development

8 7.30 16 0.010 monochorionic twins, unremarkable
postnatal development

*Abbreviations: uapH - umbilical artery pH; Am-EPO - amniotic fluid erythropoietin; Am-TnT- amniotic fluid cardiac troponin; IUGR - intrauterine growth restriction.
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phyxia (1). When continuation of pregnancy could
jeopardize the fetus, the time of delivery must be
optimized. Fetuses with IUGR are the most vulner-
able to prenatal hypoxia and the clear criteria for
the optimal time of delivery of these fetuses are
still missing (23,24).

There are many non-invasive methods
of fetal prenatal surveillance, but none of them
have yet been proven to be superior to others. In-
vasive methods, such as prenatal umbilical blood
sampling, are nowadays almost abandoned,
though amniotic fluid sampling and measuring of
certain markers of fetal hypoxia, such as erythro-
poietin (25,26), endothelin-1 (26), and myoglobin
(27), may be useful. Of all amniotic fluid markers,
erythropoietin has been the most intensely investi-
gated.

possible to
tal surveilla

cTnT assay (12).

Fetal myocardial cell damage was detect-
able in several studies that found the increased
concentration of the cardiac troponin(s) in the
cord blood or samples obtained in early neonatal
period as a marker (2,16,28,29). These studies de-
termined TnT in either the umbilical blood or
postnatally at different intervals and used different
reference values, so their results cannot be com-
pared. Some studies used cardiac troponin | as a
marker of the fetal myocardial damage (28-32).
Furthermore, umbilical blood is very vulnerable to
hemolysis, which can also affect the results.

We show here for the first time that Am-
TnT may be detectable in certain high-risk preg-
nancies with possible fetal myocardial damage. It

is unclear why some IUGR fetuses have a myocar-
dial injury and others do not, despite the similar
pattern of very severe placental insufficiency with
absence or reversal of end diastolic flow and
pathological Doppler on the venous side. In the
majority of fetuses with severe IUGR, sequential
deterioration of arterial and venous flows precedes
deterioration of biophysical profile score
(10,17,18,34).

There are only a few studies in which
both the umbilical TnT concentrations and fetal
(neonatal) hemodynamic assessment were simul-
taneously used to determine their usefulness in the
diagnosis of heart damage (2,34).

esarterial and venous

sufflcuency was
IUGR "and signs

without compromise on the venous, side). We
speculate that in severe forms eltal insuffi-
ciency, it might be Cqfet ses before
the fat Ipre o emodynamic deteri-
orkur S
ive than

Fetal cardiac failure and the conse-
quent myocardial damage can be caused by
hydrops or myocarditis of viral origin. In our
study, cases No. 3-5 had hydrops with heart fail-
ure and detectable concentration of Am-TnT. For-
tunately, it seemed that heart failure and sus-
pected myocardial damage were reversible, as
observed in case No. 5, where a healthy infant
was delivered 14 weeks after the first appearance
of signs of hydrops and heart failure due to ane-
mia caused by parvovirus infection. Other ane-
mic fetuses without hydrops and heart failure had
undetectable Am-TNT.

Women with type 1 diabetes still have a
five-fold risk of stillbirth compared with women
with normal pregnancies (35). In diabetic preg-
nancies, a normal results of non-stress test does not
exclude intrauterine death, which may occur
within a few days after the test. This implies that di-
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abetic pregnancies should be under intensive sur-
veillance, especially after 34 week of gestation.

In our case No. 2, four days before
intrauterine fetal demise, normal reactive cardio-
tocogram and unremarkable Doppler status and
fetal biophysical profile were observed. At that
time, fetal cardiac septal thickness was 13 mm. Itis
known that fetal transient hypertrophic cardio-
myopathy complicates up to 30% of diabetic preg-
nancies (25,36). The amniotic fluid from preg-
nancy in case No. 2 contained extremely high
concentrations of TnT, which was measured twice
to exclude laboratory error. Troponin concentra-
tion in maternal plasma was normal. This is in
agreement with the previous findings, where no
correlation between maternal and umbilical (fetal)
troponin concentrations was established. This may
suggest that there is no passage of cardiac TnT ei

B) and lactic
e (LDH) in the amniotic fluid were

' tu several limi
(Am-CK-MB, 66 ug/L; Am- TA p was very 5Sut as the cardlac
975 U/L), whergas maternal conc tr was undeteetabTe in all of the analyzed amni-

same enzymes were n

ence values for ho§ esflin the ammo'
fluid, the significa f théSe obse Is un-
known. Microscopi¢ examination of the fetal heart
did not reveal typical signs of myocardial necrosis,
butit is well known that fetal tissues show different
features in many cases. However, several studies
have contradicted a previous assumption that peri-
natal myocardial infarction is a rare event (4-8). It
is uncertain how commonly it does occur, be-
cause a very recent infarction is difficult to diag-
nose by standard histological methods, and early
histological changes in the neonate, particularly
inflammatory infiltration, may be less remarkable
than those seen in the adult. Histological diagnosis
of myocardial infarction in stilloorns can be diffi-
cult because of autolysis (5).

In conclusion, we do not believe that
Am-TnT determination could yet be used as a part
of routine evaluation of fetal well-being. It requires

@M

amniocentesis, which is an invasive procedure re-
quiring a trained specialist and carries a risk of pre-
mature rupture of membranes or/and iatrogenic
chorioamnionitis. Furthermore, we still do not
know enough about the turnover of cardiac TnT in
the amniotic fluid, although serial amniocenteses
could provide the answer. As 75% of amniotic
fluid is fetal urine, it may be possible that the re-
stricted tubular resorption as a result of the tubular
ischemic damage may lead to the appearance of
TnT in the amniotic fluid. The similar cause of ap-
pearance of TnT and Tnl in the urine of the adults
with acute myocardial infarction with the renal
damage was proposed by Ziebig et al (38). Most
importantly, it is uncertainwhether the very spe-
cific and detajled=fetal echocargiography is sensi-

v is that cardiac
the amniotic

xia was an |mportant factor |
degree of myo

aid samples, we considered the sample size
to be large enough. The study group was selected
on the basis of increased Am-EPO in all pathologi-
cal pregnancies. There was neither echocardio-
graphic evaluation of fetuses, nor systematic sam-
pling of cardiac TnT from umbilical cord. The clin-
ical significance of the biochemical marker of the
fetal myocardial cell damage in utero requires fur-
ther prospective and well-designed studies includ-
ing larger number of women.
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