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Neural and cardiac injury markers in fetal growth
restriction and their relation to perinatal outcomes

Fetal biiyiime kisithliginda kardiyak ve néral hasar
belirteclerinin perinatal sonuclarla iliskisi
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Abstract

Objective: To compare the levels of umbilical cord blood Neuron-Specific Enolase (NSE) and troponin T and venous blood gas samples between healthy
newborns and growth-retarded fetuses with impaired Doppler velocity or low APGAR scores.

Materials and Methods: This study was a prospective cohort study. The study group comprised 26 patients with intrauterine growth restriction and
pathologic Doppler symptoms, and the control group included 24 healthy fetuses. Umbilical cord blood and blood gas samples were taken from all patients.
The blood samples were centrifuged and sent to a laboratory to study NSE and troponin T Perinatal outcomes were evaluated from the medical records of
the newborns.

Results: Both groups were similar in terms of demographic characteristics. Fetuses with fetal growth restriction (FGR) were born earlier and had lower
APGAR scores than the study group. Chronic hypoxemic fetuses in the study group had lower cord pH and HCO, levels. Further, troponin T levels were
higher in the study group than in the control group. There were no major differences in Doppler velocity measurements.

Conclusion: It has been understood that cardiac and neuronal injury detection on fetuses with FGR, troponin T, and NSE are indicators that can be used.
In the literature there are studies with heterogeneous paradigms using different indicators to find neuronal injury. As a result of this study, it is clear that to
assess neonatal prognosis, wider-scoped and comparative studies will provide more information about the subject.
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Oz

Amag: Bu calismadaki amacimiz, bozulmus Doppler akimi olan veya dusttk APGAR skoru ile dogan gelisme geriligi olan fetuslar ile saglikli fetuslarin
umbilikal kord kaninda Neuron-Specific Enolase (NSE), troponin T seviyeleri ve vendz kan gazi parametrelerini karsilastirmakir.

Gerec ve Yontemler: Bu calisma prospektif kohort ¢alismasidir. Calisma grubu olarak patolojik Doppler bulgularina sahip fetal btytime kisithhigi olan
26 olgu ve kontrol grubu olarak 24 saglkl fetus calismaya dahil edilmistir. Btittin olgulardan, umbilikal kord kam ve kan gazi érnekleri almnmustir. Kan
ornekleri santriftijlendikten sonra, NSE ve troponin T ¢alistimast i¢in laboratuvara génderilmistir. Yenidoganlarm medikal kayitlaridan perinatal sonuglar
kaydedilmistir.

Bulgular: Her iki grup da demografik ozellikler acisindan benzerdi. Fetal bitytime kisitlihig1 olan fetuslar, kontrol grubuna gore daha erken haftada ve daha
diistik APGAR skoru ile dogdular. Calisma grubundaki kronik hipoksik fetuslar, daha diistik kord pH ile HCO, dtizeylerine sahipken; troponin T diizeyi
kontrol grubuna gore daha ytiksek saptandt. Doppler akim ol¢timlerinde belirgin farklilik izlenmedi.

Sonug: Biiytime kisitliligi olan fetuslarda kardiyak ve noral hasarin saptanmasinda troponin T ve NSE kullanulabilir. Literattir incelendiginde, noral hasarin
saptanmast ic¢in farkl indikatorlerin kullanildigi goriilebilir. Bu konuda yapilacak genis hasta gruplan ile karsilastirmali ¢alismalar neonatal sonugclarin
degerlendirilmesinde daha kapsamli sonuclar verecektir.

Anahtar Kelimeler: Fetal btiytime-gelisme bozukluklar1, NSE, Troponin T, gebelik sonuclart

PRECIS: NSE and troponin T in fetal growth restriction.
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Introduction

Fetal growth restriction (FGR) is defined as a fetus’s failure
to achieve its previously planned growth potential. In most
cases, it is secondary to placental insufficiency, and these
cases refer to late-onset growth restriction”. Although the
common belief is that placental insufficiency causes FGR, it
may be a result of different, unknown etiologic factors.

Fetuses with growth restriction respond to inadequate
nutrient and oxygen uptake with abnormal functioning of
the endocrine, cardiovascular, hematologic, and neuronal
systems. The fetus can experience numerous complications
in the neonatal period, including mortality, necrotizing
enterocolitis,
hypoglycemia, and other metabolic abnormalities”. Among

neonatal asphyxia, meconium aspiration,

these complications, impaired cognitive function is the most
important because of its hazardous effect on the neonate’s
life. Furthermore, altered cardiovascular function in fetal
life is a significant risk factor for chronic hypertension and
ischemic heart disease for the subsequent life®. Therefore,
to predict and prevent these complications, neurologic and
cardiac biomarkers may be helpful for management.

In FGR, the transplacental nutrient flow is diverted through
the ductus venosus, initially reaching the brain and heart; this
is a brain-sparing effect to protect the blood supply to the
vital organs. A fall-off in the interval growth of the abdominal
circumference because of altered blood distribution is one
of the earliest finding in FGR. Moreover, consumption of
different energy substrates is associated with decreased
neurotransmitters, synapses™®.
Intrauterine hypoxia is the main reason for neural damage

myelination, and new
in cases of FGR. When neural damage occurs, enzymes are
released by the injured neurons and other neuronal system
cells, such as astrocytes and Schwann cells. The enzymes
are released by villous and intermediate trophoblasts. The
most studied markers are neuron-specific enolase (NSE) and
S-100B protein®.

In addition to the neural injury, in growth-retarded fetuses
with increased placental resistance, the lengths of the aortic
and pulmonary systolic and pulmonary peak velocities
shorten, but the length of the aortic peak velocity extends.
The ejection fractions of both ventricles are decreased,
and this is associated with poor neonatal outcomes and
fetal acidosis. Myocardial hypertrophy without ventricular
dilatation results from the increased ratio of fetal heart weight
to body weight. The cardiac-sparing effect includes all these
changes® and cardiac ischemia and myocardial necrosis may
occur in asphyxiated fetuses”. Increased levels of troponin
T, a cardiac enzyme, are related to cardiac injury. The aim of
this study was to compare the levels of umbilical cord blood
NSE and troponin T and venous blood gas samples between
healthy newborns and growth-retarded fetuses with impaired
Doppler velocity or low APGAR scores.

Materials and Methods

This prospective cohort study was approved by the Clinical
Research Ethics Committee of Ankara University (Number of
IRB: 05-216-15/23.03.2015). Informed consent was provided
by all participants prior to the baseline interview in the
original study.

Patients

We investigated 50 fetuses, 26 of which had been diagnosed
as havig growth retardation in the Department of Obstetrics
and Gynecology, Ankara University School of Medicine,
from 2014 to 2016. The pregnant mothers attended routine
antenatal obstetric care throughout their pregnancies and
delivered in the same hospital. In the study group, 26 fetuses
were diagnosed as having FGR by a perinatologist. The
control group included 24 healthy fetuses with no signs of
intrauterine hypoxemia or growth abnormalities, as shown
by ultrasonography.

Inclusion and exclusion criteria

The study group’s inclusion criteria were as follows: 1)
women who had agreed to participate in the study and had
given informed consent, 2) fetuses with signs of chronic
hypoxemia and pathologic arterial/venous Doppler velocity
measurements and that were born with low APGAR scores,
3) oligohydramnios, 4) gestational age more than 24 weeks,
and 5) delivery by cesarean section. The exclusion criteria
for both groups were as follows: 1) fetuses with congenital
abnormalities and aneuploidy, 2) vaginal/operative births,
and 3) preterm rupture of membranes.

Study parameters

In this study, the patients’ characteristics, and medical and
obstetric histories were recorded. In the third trimester
of pregnancy, biometric measurements and biophysical
profiles were assessed using high-resolution grayscale
ultrasonography, and wumbilical artery ductus venosus
and middle cerebral artery Doppler velocity indices were
measured with pulsed-waved and color Doppler sonography.
The decision concerning delivery time was made on impaired
biophysical profiles and Doppler velocity. Cesarean section
was selected as the delivery mode for avoiding the influence
of vaginal birth on the blood parameters. Immediately after
the baby was delivered by cesarean section, the umbilical
cord was clamped and blood gas samples were taken using a
heparinized injector. The blood gas samples from the umbilical
cord vein were collected and sent for analyses. At the same
time, approximately 10 mL of umbilical blood was taken into
two empty biochemistry tubes (Isotherm, clot activator/6 mL;
Hongyu Med Devices Co Ltd.; Weihai, China), and after 30
minutes, the umbilical blood samples were centrifuged at
3500 rpm for 5 minutes, and the serums were frozen at -80 °C
in a deep freezer to be kept at -20 °C. The samples were sent to
Diizen Laboratory to study the NSE and troponin T, and they
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were investigated using electroluminescence immunoassays.
The pO,, pCO,, HCO,, and base excess values were studied;
gestational age at delivery, birth weight, APGAR 1/5 scores
and necessity for neonatal intensive care unit stays were also
recorded.

Statistical Analysis

Data were calculated using the SPSS 11.5 software package for
Windows (SPSS Inc., USA). A value of p<.05 was considered
to indicate statistical significance. Patients from both groups
were compared using the Mann-Whitney U/Student t-test,
depending on the character of distribution. Categorical
variables were compared using the chi-square test and
Pearson/Spearman analyses. Linear regression was used to
identify the correlation between dependent variables (NSE
and troponin T) and independent quantitative parameters.

Results

A total of 50 fetuses were included in this analysis. Among
the pregnancies, for the study group, 26 (52%) fetuses were
followed with a diagnosis of FGR or pathologic Doppler
symptoms, and for the control group, 24 (48%) healthy fetuses
were included. The maternal characteristics, gestational age
at delivery, birth weight, and APGAR 1/5 scores are shown
in Table 1. Both groups were similar in terms of maternal age
and numbers of gravida, livebirths, and abortus. Fetuses with
FGR were born earlier and had lower APGAR scores than the
study group.

Umbilical cord gas analyses, Doppler velocity indices, and
NSE and troponin T levels are summarized in Table 2. Chronic
hypoxemic fetuses in the study group had lower cord pH and
HCO, levels. Further, troponin T levels were higher in the
study group than in the control group. There were no major
differences in Doppler velocity measurements.

There was no correlation between NSE and birth-weight,

Table 1. Maternal characteristics and parameters of birth among

women with and without FGR

Characteristi EOR NOEGR
aracteristics (1=26) (n=24)

Maternal age 30.23+5.5  32.04+5.02 0.128
Gravida 1.35+0.629 2.58+1.28  0.059
Parity 0.23x0.114 1.1320.947 <0.001
Abortus 0.12+0.026  0.42+0.317 0.225
Livebirth 0.19+0.091 0.96+0.806 0.324
Gestational age at delivery 34.84+4.18 38.4+1.07 <0.001
Birth weight 1845+833.6 3252+532  0.026
APGAR (1° min) 6.96+1.732 8.04+0.825 0.039
APGAR (5" min) 8.42+1.172 9.30+0.559 0.004

FGR: Fetal growth restriction
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APGAR scores, cord gas analysis, UA, DV, and melting
curve analysis Doppler PI. Further, there was a statistically
significant difference between troponin T and APGAR scores,
pH, HCO,, and UA-PI (Table 3).

NSE, hemolysis index, and the DV-PI correlation are
summarized in Table 4. NSE and hemolysis index had a
positive correlation.

Discussion

Findings from our study indicated that the FGR group had
higher troponin T levels and lower values of pH, HCO,,
APGAR scores, birth weight, and gestational age at birth than
in the healthy control group. No significant difference was
found for NSE levels between both groups.

It is known that placental insufficiency causes altered fetal
cardiac output distribution®. This alteration is with increased
placental resistance and cardiac output volume from the
right ventricle, and decreased systemic vasoconstriction and
normal/elevated left ventricle cardiac output®®. In healthy
pregnancies, right ventricle output increases with gestational
age. This physiologic alteration for growth-restricted fetuses
causes a decrease in ejection of the right ventricle, increase
of systemic venous pressured pulsatility of the inferior vena
cava, hepatic veins, and atrial contraction of the ductus
venosus. In our results, increased troponin T levels in the
study group had a relation between myocardial injury that
developed secondary to cardiac alterations and possible
cardiac dysfunction. Makikallio et al."?® reported elevated
troponin T levels in fetuses who had umbilical vein atrial
pulsatility,. Nomura et al."? reported a significant relation
between troponin T levels and increased ductus venous PIV
in Doppler measurements.

Table 2. Blood gas analyses and Doppler velocity measurements in
groups with and without FGR

No FGR

Blood gas parameters

pH 7.259+0.059  7.35+0.045 <0.001
pO2 18.29+7.307  27.732+7.36  0.23
pCO2 47.067+7.74  40.536+5.09 0.36
HCO3 19.75+1.89 21.338+£1.06  0.001
Doppler measurements
UA PI 1.57+0.617 0.8+0.13 <0.001
MCA PI 1.447+0.37 1.53+0.308 0.468
DV-PI 0.656+0.91 0.836+0.272  0.232
DV PVIV 0.268+2.23 0.817+0.274  0.134
DV S/a 3.107+1.94 3.06£1.737 0.541
NSE (pg/L) 31.250 (8.8- 22350 (7.5- 0.162
184.2) 354.3)

Troponin T (ng/L) 61.62+30.478 40.88+27.738 0.015

FGR: Fetal growth restriction, MCA: Melting curve analysis, NSE: Neuron-specific
enolase
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Acidemy (pH<7) and elevated base-excess values in cord blood
gas analysis is a predictive laboratory test to evaluate neonatal
encephalopathy for acute intrapartum hypoxia??. Fetal
acidemia causes neuronal necrosis, apoptosis, and impaired
cognitive functions that affects the whole life of newborn.
Sheikh and Cantu’s study found that venous pH, base-excess
were more predictive than other blood gas parameters for
fetal acidemia>'». Our results are similar to those of previous
studies. Similarly, lower umbilical cord venous pH values and
increased HCO, levels were related with increased troponin
T levels. However, Yildirm et al™. reported that HCO, had
no effect on troponin T, but gestational age at delivery and
pCO, were associated with increased troponin T levels. In the
literature, elevated troponin T levels have been studied on
pregnancies treated with long-term tocolytics and fetuses with
respiratory distress syndrome, but it has been investigated in
a limited number of studies to predict cardiac injury. Creatine
kinase, troponin I and T have been studied to evaluate cardiac
dysfunction in hypoxemic-ischemic encephalopathy. Yildirim
et al™. reported that there was a correlation between troponin
T and creatine kinase-MB (CKMB), but troponin T was more
specific than CKMB.

Table 3. Correlation of NSE and troponin T between birth parameters

NSE Troponin T

Correlation | p Correlation

coefficient coefficient
Birth weight -0.251 0.082 -0.640 0.001
APGAR (1st min) -0.108 0.459 -0.283 0.049
APGAR (5th min) -0.047 0.748 -0.328 0.021
pH -0.254 0.059 -0.450 0.002
HCO3 -0.101 0.500 -0.233 0.119
MCA PI 0.062 0.688 -0.232 0.125
UA PI 0.154 0318 0.334 0.027
DV-PI -0.219 0.153 -0.119 0.445

NSE: Neuron-specific enolase, MCA: Melting curve analysis

Table 4. Correlation of NSE, DV, PI, and hemolysis index

index

Pearson’s correlation

NSE (ng/L) 1.000 -0.392 0.940
DV PI -0.392 1.000 -0.293
Hemolysis index 0.940 -0.293 1.000
p values

NSE 0 0.004 0.000
DV-PIL 0.004 0 0.027
Hemolysis index 0.000 0.027 0

NSE: Neuron-specific enolase

Although our study supports the existing data linking
troponin T and gestational age at delivery, birth weight,
APGAR scores, and umbilical artery Doppler PI, Karadeniz
et al'. certified no relationship between troponin T and
gestational age or birth weight in fetuses with mild pre-
eclampsia. As they mentioned in their report, this could be
considered there was insufficient time for elevation of the
troponin T plasma concentration.

Perinatal asphyxia and hypoxic ischemic encephalopathy are
associated with increased morbidity and mortality rates. As
discussed above, several biomarkers (S100, CK-BB, GFAP,
NFp) have been investigated to identify neuronal damage
in FGRG"1® However, even today, the most specific and
optimal biomarker remains controversial. We observed
higher values of NSE in fetuses complicated by FGR, but
there was no statistically significant difference. Velipasaoglu
et al". published a cohort study with an association between
neuronal injury markers and intrauterine growth restriction;
they found no significance for NSE, but they observed a
positive correlation for umbilical artery PI, RI, ductus venosus
RI, S/d ratio with NSE. We found an association between
ductus venosus PI, the hemolysis index, and NSE; also,
higher NSE levels were associated with lower APGAR scores.
Celtik et al®®. found that NSE concentrations ascended six
hours after delivery for newborns complicated by grade 3
hypoxic ischemic encephalopathies. This results can explain
why NSE levels did not increase significantly in our study. It
is a fact that premature and small fetuses have lower blood
volume and flow than term fetuses. Also, using an injector to
take blood samples can result with hemolysis and elevated
NSE levels from erythrocytes. The association between NSE
and the hemolysis index can explain this. To exclude this
determinant, Zinsmeyer et al?". studied amniotic fluid and
reported that amniotic NSE increased in acute hypoxemia.
Berger and Richichi®? concentrated on a formula to exclude
the hemolysis index and clinical use of NSE for hemolyzed
serum. Our study group contained only a small number
fetuses so we did not use this formula.

Some disadvantages exist in our study. First, only small
number of fetuses met all criteria for inclusion in the study,
and second, only two biomarkers were studied to investigate
cardiac and neuronal injury. However previous studies
concentrated on the progression of these markers after
delivery in newborns, a limited number of studies used these
markers on fetuses.

In light of our findings, it has been understood that troponin
T and NSE can be used as indicators for cardiac and
neuronal injury detection in fetuses with FGR. According
to the literature, it can be seen that there are studies with
heterogeneous paradigms using different indicators to find
neuronal injury. As a result of this study, it is clear that to
assess neonatal prognosis, wider-scoped and comparative
studies will provide more information about the subject.
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