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Abstract

The incidence of fetal hypoxia in pregnant women with Pregnancy-Induced Hypertension (PIH) is
higher than normal pregnant women. Thyroid hormone is closely related to organism’s metabolism. In
this study, Color Doppler ultrasound was used to diagnose fetal hypoxia in pregnant women with PIH to
further explore the correlation of hemodynamic indexes and thyroid hormone levels. 70 cases of
pregnant women with PIH were divided into thyroid-normal group (39 cases), hyperthyroidism group
(12 cases) and hypothyroidism group (19 cases). The hemodynamic indexes of Middle Cerebral Artery
(MCA) and Umbilical Artery (UA) were detected by color Doppler ultrasound. In hyperthyroidism and
hypothyroidism groups, the hemodynamic indexes of MCA were lower and hemodynamic indexes of UA
were higher than thyroid-normal group. The results of correlation tests showed that, the hemodynamic
indexes of UA and fetal hypoxia were both significantly correlated to thyroid hormone levels
respectively, in pregnant women with PIH. Therefore, the hemodynamic index of UA may be an index
which can predict thyroid function status in pregnant women with PIH. Pregnant women with PIH and
thyroid dysfunction are more likely to get fetal hypoxia than those with normal thyroid function. Color
Doppler ultrasound is sensitive to detect the changes.
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Introduction

Intrauterine fetus needs abundant oxygen to support normal
growth and development. It is a complicated process in
maternity, placenta and the fetus [1,2]. Therefore, any node
going wrong in this process will cause fetal hypoxia. Fetal
hypoxia can cause brain sparing effect that is characterized by
the decreasing of hemodynamic index of MCA and increasing
of cerebral blood flow in different extent [3-6]. Umbilical
vessels are the only passageways linking fetus and placenta,
the blood flow variation of which can reflect changes of
placenta function [7]. The intrahepatic resistance in placenta
increases when fetal hypoxia occurs. Therefore, Systolic/
Diastolic ratio (S/D), Pulsatility Index (PI) and Resistance
Index (RI) in MCA and UA are used for determining fetal
hypoxia by color Doppler ultrasound [8-10].

Pregnancy-Induced Hypertension (PIH) can reduce the blood-
oxygen transfer area of placenta, destroy the balance of
nutrient supply between maternity and placenta, and is far
more likely to cause fetal hypoxia. Small arteries in spasticity
is the primary reason to induce the elevation of blood pressure
and further change cardiac and renal function, in pregnant
women with PIH [11,12]. It seriously impacts on the blood
supply to fetus. Production and metabolism of thyroid hormone
in pregnant women with PIH are changed, because placenta
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produces large amounts of hormone and gestation changes
cellular immune status. Therefore, hypothalamus-pituitary-
thyroid axis is put in a special stress state too [13]. Thyroid
hormone is an indispensable hormone to maintain body’s
normal growth and development [14,15]. Gestation can result
in thyroid gland dysfunction, in reverse, thyroid gland
dysfunction can exacerbate PIH in pregnant women [16,17].
Fetal hypoxia and thyroid gland dysfunction were both studied
deeply previously.

Now that thyroid gland dysfunction affects peripheral vascular
resistance, whether the hemodynamic index of fetal hypoxia
detected by color Doppler ultrasound could reflect the status of
thyroid gland function on some levels? This paper expounded
the problem in details.

Materials and Methods

General information and different patient groups

We selected 70 cases of pregnant women which had been
diagnosed with PIH (BP > 140/90mmHg, urine protein of ‘-”),
from 2013 to 2014, in the First Affiliated Hospital of Zhejiang
Chinese Medical University. The average age of expectant
mothers is 28.7 = 4.8 y old and the average pregnant time is
323 + 4.7 w. The reference range of normal Thyroid
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Stimulating Hormone (TSH) levels within our hospital is
0.27-4.2 mU/L. According to thyroid hormone levels, 70 cases
of pregnant women with PIH were divided into thyroid normal
group (39 cases), hyperthyroidism group (12 cases) and
hypothyroidism group (19 cases). All pregnant women
involved were without diabetes, primary hypertension,
congenital or acquired heart disease, chronic nephritis,
ingestion of drugs or unspecified menstrual period. All fetuses
did not have structural abnormalities of organs, genetic
abnormalities, malformation, twins or multiple births. All
voluntary pregnant women joined this research with informed
consents. The study was approved by the review board of the
independent ethics committee of the hospital.

Color Doppler ultrasound

All pregnant women were diagnosed by color Doppler
ultrasound. The posture was adjusted to supine position and
steady breath was maintained. The location of placenta was
determined by color Doppler ultrasound with a probe of 2-4
MHZ and sampling volume of 2 mm (G60S, Siemens). During
this process, the angle between sound beam and blood flow
was 60°. After obstetrics routine practice, biparietal diameter of
fetus was detected to obtain the transverse section of MCA,
and intracranial color Doppler signals were caught and imaged
by Color Doppler Flow Imaging (CDFI). Doppler sample
volume was put in UA blood flow that the angles between
sound beam and blood flow were 0-30°. When continuous 5
blood flow spectrums of MCA and UA were obtained by plus
Doppler, S/D, RI and PI values of MCA and UA were
determined. Each detecting time was less than 1 min. All blood
flow spectrums of pregnant women were performed 3 times,
the average values was available to analysis.

Statistical analyses

Data were statistically analysed by SPSS 17.0 (SPSS, Inc.,
Chicago, IL, USA). Measurement data was presented at a
format of mean =+ standard deviation. LSD t-test, chi-square
test and one way analysis of variance were used in two or
multiple groups to compare statistical differences. Correlation
analyses were conducted in parametric comparison. P<0.05
and P<0.01 were considered to demonstrate statistically
significant differences.

Results

Comparation of hemodynamic indexes of MCA and
UA in fetus of pregnant women with PIH

The reference range of normal thyroid hormone levels in our
hospital were 0.27-4.2. According to thyroid hormone levels,
70 cases of pregnant women with PIH involved were divided
into thyroid-normal group, hyperthyroidism group and
hypothyroidism group. The hemodynamic indexes of MCA
and UA including RI, PI and S/D in fetus of pregnant women
with PIH were determined by Color Doppler ultrasound. The
results showed that RI, PI and S/D values of MCA in
hyperthyroidism group were significantly lower than that of

114

Zhu/Yin/Wang/Jiang

thyroid-normal group, and RI, PI and S/D values of UA in
hyperthyroidism group were significantly higher than that of
thyroid-normal group (P<0.05, Table 1). RI, PI and S/D of
MCA in hypothyroidism group were significantly lower than
that of thyroid-normal group, and RI, PI and S/D of UA in
hypothyroidism group were significantly higher than that of
thyroid-normal group (P<0.05, Table 1). Overall, no matter in
hyperthyroidism group or hypothyroidism group, RI, PI and
S/D values of MCA were decreased and RI, PI and S/D values
of UA were increased, compared with thyroid-normal group.

Determination of fetal hypoxia

The clinical data showed that MCA RI>0.6, PI>1.6 and S/D>4
and UA S/D<3 were found in fetus without intrauterine
hypoxia, when detected by Color Doppler ultrasound. As
shown in Table 2 and Figure 1, there were 9 cases of fetal
hypoxia in 39 cases of PIH women with normal level of
thyroid hormone, and 20 cases of fetal hypoxia in 31 cases of
PIH women with abnormal level of thyroid hormone. The
abnormality has been pointed by arrow. Significant differences
existed among all groups (P<0.05, Table 2).

Aa

Figure 1. Color Doppler ultrasound images. (Aa) The fetus without
intrauterine hypoxia of pregnant woman was detected by Color
Doppler ultrasound in MCA. (Ab) The fetus without intrauterine
hypoxia of pregnant woman was detected by Color Doppler
ultrasound in UA. The abnormality has been pointed by arrow. (Ba)
The fetus with intrauterine hypoxia of pregnant woman was detected
by Color Doppler ultrasound in MCA. (Bb) The fetus with
intrauterine hypoxia of pregnant woman was detected by Color
Doppler ultrasound in UA. The abnormality has been pointed by
arrow.

Correlation analysis between thyroid hormone levels
and fetal hypoxia

As shown in Figure 2, the normal level of thyroid hormone had
nothing to do with intrauterine hypoxia of fetus (P>0.05;
Figure 2A). Fetal hypoxia and hyperthyroidism presented
significant negative correlation (P<0.05; Figure 2B), while
fetal hypoxia and hypothyroidism presented significant
positive correlation (P<0.01; Figure 2C). In addition, the
correlation of hypothyroidism and fetal hypoxia was higher
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than the correlation of hyperthyroidism and fetal hypoxia
(Figures 2B and 2C).

,,,,,,,,,,,,,,,

Figure 2. Correlation analyses between thyroid hormone levels and
fetal hypoxia. (A) The normal level of thyroid hormone had nothing to
do with intrauterine hypoxia of fetus. (B) The correlation analysis of
fetal hypoxia and hyperthyroidism was evaluated. (C) The correlation
analysis of fetal hypoxia and hypothyroidism was evaluated. P<0.05
and P<0.01 were considered to demonstrate statistically significant
differences.

Correlation analysis between thyroid hormone levels
of PIH women and S/D value of UA

There were significant difference of thyroid hormone and S/D
value of UA, between thyroid normal and hyperthyroidism
groups, and between thyroid normal and hypothyroidism
groups, respectively (P<0.05; Table 3). As shown in Figure 3,

the normal level of thyroid hormone had nothing to do with
S/D value (P>0.05; Figure 3A). S/D value and hyperthyroidism
presented significant positive correlation (P<0.01; Figure 3B),
and as to hypothyroidism, it presented significant negative
correlation (P<0.01; Figure 3C). In addition, the correlation of
hypothyroidism and S/D value was higher than the correlation
of hyperthyroidism and S/D value (Figures 3B and 3C).

Figure 3. Correlation analyses between thyroid hormone levels of
PIH women and S/D value of UA. (4) The correlation analysis of
normal thyroid hormone level and S/D value was evaluated. (B) The
correlation analysis of hyperthyroidism and S/D value was evaluated.
(C) The correlation analysis of hypothyroidism and S/D value was
evaluated. P<0.05 and P<0.0] were considered to demonstrate
statistically significant difference.

Table 1. Comparison of hemodynamic indexes of MCA and UA in thyroid normal, hyperthyroidism and hypothyroidism groups.

Group Cases MCA UA

RI Pl S/D RI Pl S/D
Thyroid normal 39 0.79+0.16 1.86 £0.15 6.22+0.88 0.65+0.23 0.98 + 0.35 3.12+0.19
Hyperthyroidism 12 0.65 +0.07" 1.62+0.28" 4.38+0.12" 0.77 £ 0.31 1.23+0.22 3.44 +0.25
Hypothyroidism 19 0.62 £0.05" 1.49+0.11" 4.02+0.19” 0.83 £0.09" 1.45+0.12" 3.69+0.11"

“P<0.01 and "P<0.05 compared to thyroid normal group; one-way ANOVA

Table 2. Comparison of fetal hypoxia in thyroid normal,
hyperthyroidism and hypothyroidism groups.

Gravida with fetal Gravida without fetal P-value
hypoxia (cases) hypoxia (cases)

Thyroid normal 9 30
Hyperthyroidism 7 5 P=0.008
Hypothyroidism 13 6

Chi-square test, "P<0.05

Table 3. Comparison of thyroid hormone levels of PIH women and
S/D  values of UA in thyroid normal, hyperthyroidism and
hypothyroidism groups.

Thyroid S/D value of UA
hormone
(mIU/L)
Thyroid normal 2.78 +1.28 3.12+0.19
Hyperthyroidis ~ 4.36 £ 2.01™ 3.44+0.25
m
Hypothyroidism 0.15 £ 0.07" 3.690.11"
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Discussion

In PIH women, systemic arterioles suffering from convulsions
and vascular permeability result in the increasing of plasma
seepage flow and blood concentration [12,13,18]. PIH women
are hypercoagulable to further induce fetal hypoxia caused by
vascular occlusion [12,19]. Synthesized and secreted maternity
thyroid hormones shall not only meet their own metabolic
demands but also the metabolic demands of fetal central
nervous system and placenta. Based on above evidences, PIH
women are more prone to thyroid dysfunction than pregnant
women without PIH [20]. In addition, thyroid dysfunction can
exacerbate PIH and further increase the risk of fetal hypoxia.
Therefore, color Doppler ultrasound was used to diagnose fetal
hypoxia in pregnant women with PIH to further explore the
correlation of hemodynamic indexes and thyroid hormone
levels.

In general, placenta is gradually mature, chorionic vessels
increase and get wider, placental resistance is reduced and
blood flow is increased, during gestation process. The blood
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circulation in uteroplacental bed is in a state of low resistance
and high flow rate [21,22]. S/D, PI and RI values in umbilical
artery blood flow of fetus are taken as objective indexes to
measure the peripheral resistance of placental to reflect fetal-
placental circulation state in heamodynamics [6,23,24].
Cerebral blood vessels are in a state of compensatory
enlargement and cerebral blood flow is accelerated to result in
the decrease of hemodynamic indexes of MCA including S/D,
PI and RI because of the increasing of vascular resistance
caused by peripheral vessel contraction in fetal hypoxia.
Therefore, in this study, the hemodynamic indexes of UA in
conjunction with the hemodynamic indexes of MCA are
considered to be more accurate to diagnose fetal hypoxia.

In our study, PIH women were divided into three groups
according to thyroid hormone levels. Results showed that S/D,
PI and RI values of MCA in PIH women with thyroid
dysfunction were significantly lower than that of PIH women
with normal thyroid function, S/D, PI and RI values of UA in
PIH women with thyroid dysfunction had an opposite trend to
that of MCA (Table 1). According to our clinical data and
general standards [6,8,23,24], PI<1.6, S/D<4 and RI<0.6 in
MCA and S/D > 3 in UA were diagnosed as fetal hypoxia
when detected by Color Doppler ultrasound. Our further
analysis showed that there was significant difference between
fetal hypoxia and thyroid hormone levels (Table 2 and Figure
1). In addition, fetal hypoxia correlated significantly with
hyperthyroidism and hypothyroidism (Figure 2). It showed that
the high or low levels of thyroid hormone in PIH women could
affect circulatory resistance of bloodstream in fetus and were
closely related to fetal hypoxia.

When vascular resistance grows, the blood flow decreases. The
ratio of blood flow velocity in systolic and diastole of
umbilical artery flow (S/D) and resistance of blood flow are the
most common Doppler indexes [6,23]. In this study, we further
found the correlation between thyroid hormone levels and S/D
value of UA in fetus of PIH women. The results showed that
S/D value of UA and hyperthyroidism presented significant
positive correlation, and as to hypothyroidism, it presented
significant negative correlation (Figure 3). PIH women with
hyperthyroidism are in a state of high metabolic expenditure
and high stress to accelerate fetal-placental circulation [25].
PIH women with hypothyroidism are in an opposite state [26].
Therefore, these results indicated that S/D value of UA,
detected by Color Doppler ultrasound, could reflect thyroid
hormone levels in PIH women.

In conclusion, thyroid dysfunction of PIH women significantly
affected fetal-placental circulation, color Doppler ultrasound is
highly specific to diagnose fetal hypoxia in PIH women with
thyroid dysfunction.
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