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ABSTRACT

Objectives: The primary aim of this study was to evaluate fetal cardiac systolic and diastolic function using the tissue Dop-
pler technique in pregnancies with complications of fetal growth restriction (FGR) and to examine the relationship between
FGR with umbilical artery Doppler parameters and fetal cardiac function in complicated pregnancies.

Material and methods: This study included 30 pregnant women with FGR complications and 46 pregnant women without
FGR complications. Both groups were at 24-34 gestational weeks. Fetal cardiac examination was performed using pulsed
Doppler and tissue Doppler imaging (TDI) in all pregnancies. In the analysis of myocardial tissue by tissue Doppler, the
tracing obtained from the junction of the tricuspid valve annulus with the right ventricle was recorded by measuring the
duration of the isovolumetric contraction wave (IVC), ejection time (ET), and isovolumetric relaxation time (IVR). Furthermore,
we calculated the myocardial performance index (MPI) and then measured and recorded the early diastolic annular rate.

Results: Based on the TDI studies, the mean IVC and IVR values were significantly longer and the ET values were significantly
shorterin the study group than those in the control group. The study group also had significantly longer MPI measurements.

Conclusions: Because TDI is a considerably more sensitive method than cardiac sonographic evaluation using pulsed
Doppler, tissue Doppler parameters facilitate the detection of cardiac dysfunction at a relatively early stage. In addition,

TDI and myocardial evaluation in fetuses with FGR can be noninvasively performed in clinical practice.
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INTRODUCTION

Fetal growth restriction (FGR) is usually expressed as the
statistical deviation of fetal size based on a population-based
reference, with a typical threshold at the 10t, 5t, or 31
centile; such a threshold is designed better to demonstrate
a “small-for-gestational-age” (SGA) fetus [1, 2]. In a signifi-
cant proportion of cases, low birth weight was found to be
a cardiovascular risk factor, and the onset of cardiovascular
diseases coincided with the prenatal period [3, 4].

Placental insufficiency with increased vascular resistance
is a significant cause of FGR-related to hypoxia, premature
birth, fetal acidemia, and even fetal death [5, 6]. Hypoxic
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environment frequently affects cardiac diastolic function,
occurring earlier in the spectrum of FGR-related cardiac dis-
orders [7]. Fetal cardiac involvement has been found in the
late stages with developmental retardation, as supported
by various studies; accordingly, the fetal heart is the main
organ involved in adaptation mechanisms to placental insuffi-
ciency, and fetal development retardation plays a central role
in physiopathology [8-13]. Moreover, echocardiographic and
biochemical findings of subclinical cardiac dysfunction are
mainly associated with diastolic dysfunction [8, 9, 14]. Tissue
Dopplerimaging (TDI) allows direct measurement of regional
myocardial velocities [15]. Various studies using angiography
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in adults have shown that the systolic myocardial velocity of
the mitral valve annulus along the left axis of the LV is closely
related to the changes in the LV pressure and the EF [10].

In fetuses with FGR, pulmonary and systemic vasocon-
striction causes an increase in right ventricular (RV) afterload,
thereby displacing the cardiac output to the left ventricle
(LV); these outcomes indicate diastolic dysfunction [7]. The
etiology of neonatal mortality and morbidity caused by
pathological conditions such as FGR and fetal anemia is
fetal cardiac failure. Parameters such as ejection fraction
(EF), ventricular ejection force, ratio of early diastole rate (E)
to atrial systole rate (A) (E/A), cardiac output, and myocardial
performance index (MPI) are generally employed for examin-
ing fetal cardiac function [5, 6, 11, 12]. Thus, the ratio of flow
rate (E) to annular rate (E') (E/E’) in early diastole is also closely
related to filling pressures. Therefore, regional myocardial
rates reflect global cardiac function and can be used to pre-
dict systolic and diastolic functions in both ventricles [10].

Considering the importance of detecting fetal cardiac
function related to FGR, TDI can be used as an additional
method for evaluating ventricular diastolic function because
it improves the decision-making process and helps deter-
mine neonatal prognosis [13].This study aimed to investigate
fetal cardiac functions by TDI in pregnancies complicated
with FGR to compare these with the control group.

MATERIAL AND METHODS
Study design, setting and participants

In this prospective study, we included 30 pregnant wom-
en complicated with FGR without known fetal anomaly and
additional maternal disease as the study group and 46 preg-
nant women without FGR complication as the control group.
All were at 24-34 gestational weeks and applied to the
Perinatology Clinic of Kanuni Sultan Suleyman Training and
Research Hospital between May 2016 and May 2017. The
exclusion criteria were as follows: multiple pregnancies, dia-
betes, cholestasis, preeclampsia, chromosomal or structural
fetal anomaly, FGR diagnosis below the viability limit, early
membrane rupture, oligohydramnios, fetal heart complica-
tion, or any maternal medical iliness. Before starting the
study, all volunteers received an informed consent form.
The study was approved by the local ethics committee (date:
December 1, 2016; approval number: 2016/2/10).

The small fetus is explained as an estimated fetal weight
(EFW) below the 10t percentile. Small fetuses were defined
as fetal growth restriction or SGA according to estimated
fetal weight (EFW), umbilical artery pulsatility index (PI),
cerebroplacental ratio (CPR) and uterine artery PI.

FGR was described as an EFW < 3" percentile, or
EFW < 10% percentile with umbilical artery (UA) PI > 95th
percentile and/or cerebroplacental ratio (CPR) < 5t percen-
tile and/or mean UtA-PI > 95t percentile.

Figure 1. Measurement of E- and A-wave velocity; 1 — E-wave
velocity; 2 — A-wave velocity

SGA was characterized as an EFW between 3rd and 9th
percentile with normal Doppler indicators.

The obstetric and gynecological anamnesis, maternal
age, body mass indexes (BMls), smoking history, and ges-
tational ages according to CRL of all participating pregnant
women were recorded. Umbilical artery Doppler was meas-
ured when the fetus was immobile, from the free angle of the
umbilical artery to the angle of sound waves less than 20°.
Pls were grouped into above and below the 90th percen-
tile according to gestational week. All of them underwent
fetal cardiac examination using pulse Doppler and TDI. The
fetal heart was evaluated in four apical or basal chamber
views. Using pulse Doppler, we measured the early (E) and
late (A) transvalvular filling rates (Fig. 1). Atrioventricular
flow velocity waveforms were obtained from four apical
or basal chamber views. The sample volume was acquired
from the tip of the tricuspid valve leaves and measured
thrice. In fetal echocardiographic examination, arterial and
venous Doppler parameters (umbilical artery, middle cer-
ebral artery, and ductus venous) and RV MPIs were studied
in both groups without major anomaly. Measurements were
calculated by examining the tricuspid valve annulus for the
RV in four apical or basal quadrant images and measuring
the peak flow rates. The PVE, PVA; and E'/A' ratio reflected
the diastolic function of RV, whereas the PVS'value reflected
the systolic function; then, the MPIs were documented. In
the analysis of myocardial tissue with tissue Doppler, the
tricuspid valve annulus was measured by identifying the
duration of the isovolumetric contraction wave (IVC), ejec-
tion time (ET), and isovolumetric relaxation time (IVR). The
MPIwas also calculated. Moreover, the early diastolicannular
velocity (E') was measured and recorded. Meanwhile, eight
patients with increased umbilical artery Pl from fetuses with
FGR were compared with 22 patients with normal umbilical
artery Pl. A further comparison was made with and without
a history of FGR.
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Figure 2. Doppler imaging view

TDI was performed in real time using probes with a 2 to
10 MHz frequency.The device settings for pulsed tissue Dop-
pler were as follows: flow rate (sweep speed), 5 cm/s; gain,
10 dB; wall motion filter (WMF), 210 Hz (Fig. 2). At the plane
where the tricuspid valve annulus joins the right ventricle
in the four apical or basal chamber sections, a sampling
interval was maintained between 2 and 4 mm, and myo-
cardial tissue was analyzed using pulse tissue Doppler. The
angle between the RV free wall and probe was maintained
at < 20°, with no angle correction.

In the trace obtained using pulsed tissue Doppler, the
duration of the first positive wave; the IVC, beginning after
the late diastolic annular velocity wave (A); the ET', which
is the second positive wave; and the IVR, which is the click
between the end of systole and the tricuspid valve, were
measured. Each measurement was obtained thrice and then
averaged. MPI' was calculated, which indicates the ratio of
the sum of the IVC and IVR values to the ET' value (Fig. 3).
E' velocity was measured. The ratio of the E value to E' value
(E/E") measured using pulse Doppler was calculated (Fig. 4).

Statistical analysis
The statistical analyses were performed using the Statis-
tical Package for the Social Sciences, version 20 (SPSS Inc.).
The chi- square and Student’s t tests were used for statistical
comparisons. p < 0.05 was considered statistically significant.

RESULTS

The mean abdominal circumference (AC) percentile
measurements of the patients in the study group were sig-
nificantly lower than those of patients in the control group:
247 £0.75and 50.71 £ 22.05, respectively (p =0.0001). More-
over, the EFW percentile measurements were 3.37 £ 0.77 in
the study group and 45.82 + 21.55 in the control group, and
the difference was significant (p = 0.0001). Furthermore,

1 T 26.67ms
2 T 40.00ms '
3 T 190.00

Figure 3. Isovolumetric contraction wave (IVR), isovolumetric
relaxation time (IVC) and ET’ measurements; 1 — IVR; 2 — IVC; 3
— ET'MPI’is the ratio of the sum of IVR and IVC to ET

Figure 4. E'(1) and A’ (2) wave velocity measurements

E, A, IVC, IVR, ET;, MPI; E' and umbilical artery values were
statistically significant in the study group (Tab. 1).

The mean gestational period, as determined by the
birth week measurement, was significantly lower in pa-
tients in the study group (35.8 + 3.02 weeks) than in the
control group (38.61 + 2.27 weeks; p = 0.0001). In addi-
tion, the mean birth weight was significantly lower in the
study group (2011 + 701.21 g) than in the control group
(3319.07 £ 517.21 g; p = 0.0001). The study group showed
a higher incidence of NICU hospitalization than the control
group [16 (53.33%) vs 3% (6.52%); p = 0.0001] (Tab. 2).

The mean gestational period, mean birth weight,
mean 1-min Apgar score, and mean 5-min Apgar score of
the Pl Low group were significantly higher than the Pl High
group.The duration of NICU stay and the incidence of NICU
hospitalization of the Pl Low group were significantly lower
than the Pl High group (Tab. 3).

There was no statistically significant difference between
the gestational weeks of the groups (p > 0.05). MCA Pl and
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Table 1. Evaluation of ultrasound variables by group

AC
percentiles

EFW percentiles

E/A

IVC

IVR

ET’

MPI

E

E/E’

UAPI

UA PI Percentile

Mean + SD
Min-Max (Median)
Mean = SD
Min-Max (Median)
Mean + SD
Min-Max (Median)
Mean + SD
Min-Max (Median)
Mean + SD
Min-Max (Median)
Mean + SD
Min-Max (Median)
Mean + SD
Min-Max (Median)
Mean + SD
Min-Max (Median)
Mean + SD
Min-Max (Median)
Mean + SD
Min-Max (Median)
Mean + SD
Min-Max (Median)
Mean = SD
Min-Max (Median)
Mean + SD
Min-Max (Median)

Control (n=46)
50.71 +£22.05
48.2 (32.65-69.2)
45.82 +21.55

41 (27.65-58.88)
38.37+6.2

38.45 (35.1-42.9)
52.51+£7.96
51.99 (45.4-57.73)
0.73+0.08

0.72 (0.68-077)
0.037 +0.007
0.037 (0.03-0.04)
0.030 £ 0.007
0.03 (0.03-0.03)
0.19+0.01
0.19(0.18-0.2075)
0.34+0.07
0.35(0.31-0.38)
95214

9.44 (8.39-10.49)
4124091

4.11 (3.38-4.88)
0.93+0.13

0.9 (0.84-1.025)
3537+£15.13

32 (24.5-45.75)

Case (n=30)
247 +0.75
2(2-2.925)
337£0.77
3(3-3.35)

34.08 £9.36
36.53 (28.15-40.32)
45.4£10.94
45.63 (40.14-52.86)
0.74+0.1

0.73 (0.68-0.83)
0.047 £0.012
0.047 (0.04-0.05)
0.052£0.011
0.05 (0.04-0.06)
0.16 £0.01

0.17 (0.16-0.18)
0.61+0.16

0.6 (0.5-0.7)
825+1.19

8.24 (7.4-9.08)
418+1.18

4.24 (3.64-5.14)
1.3 +0.55

1.07 (0.99-1.475)
62.37+25.26

57 (45.5-92.25)

P

b0.0001%**

b0.0001***

20.019

20.002

20.557

b0.0001%**

b0.0001***

20.0001***

20.0001***

20.0001**

20.800

20.0001***

20.0001***

2Independent t Test; "Mann-Whitney U Test; Fisher’s Exact Test; *p < 0.05; **p < 0.01; ***p < 0.0001; SD — standard deviation; AC — abdominal circumference; EFW
— estimated fetal weight; E — early diastole rate; A — atrial systole rate; E/A — ratio of early diastole rate (E) to atrial systole rate (A); IVC — isovolumetric contraction
wave; IVR — isovolumetric relaxation time; ET' — ejection time; MPI'— myocardial performance index; E'— early diastolic annular velocity; E/E'— the ratio of flow rate (E)

to annular rate (E'); Pl — pulsatility index; UA — umbilical artery

Table 2. Evaluation of infant variables by group

Sex

Birth week

Birth weight

Birth weight percentile

Apgar 1 minute

Apgar 5t minute

Male

Female
Mean + SD
Median (IQR)
Mean £+ SD
Median (IQR)
Mean £ SD
Median (IQR)
Mean + SD
Median (IQR)
Mean = SD
Median (IQR)

Control (n =46)
25 (54.35)

21 (45.65)
38.61+2.27

39 (38-40)
3319.07 £517.21
3400 (2992.5-3585)
54.22 +28.49

50 (25-75)
846+1.03
9(8-9)

9.76 £ 0.6

10 (10-10)

Case (n=30)
16 (43.33)

14 (46.67)
35.8£3.02
37 (34-38)
2011 £701.21

2140 (1517.5-2632.5)

7176
3(3-10)
7.7+1.99
8.5(7.75-9)
9.37 +1.07
10(9-10)

2Independent t Test; P(Mann-Whitney U Test; *p < 0.05; **p < 0.01; ***p < 0.0001; SD — standard deviation; IQR — interquartile range
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Table 3. Evaluation of variables according to umbilical artery pulsatility index percentile groups

UA Pl percentile
UA PI > 90t percentile (n = 8) : p
UA PI < 90t percentile (n = 22)
Mean £ SD 32.38 £3.07 37.05+1.84
Birth week 20.0001
Median (IQR) 33 (29.75-34.75) 37 (36-38)
Mean + SD 1218.13 £ 415.13 2299.32 +543.12
Birth weight 20.0001
Median (IQR) 1227.5 (785-1597.5) 2350 (2027.5-2727.5)
Mean + SD 6.25+2.76 823+1.34
Apgar 1** minute 20.013
Median (IQR) 8(3.25-8) 9(8-9)
Mean + SD 85%1.51 9.68 £ 0.65
Apgar 5" minute 20.005
Median (IQR) 9 (8.25-9) 10(9.75-10)
Duration of NICU Mean + SD 52.57 +36.51 1522+ 11.55 w0011
Hospitalization Median (IQR) 47 (14-72) 13(7.5-22) ’
n (%) n (%)
SVD 7 (87.5) 14 (63.6)
Delivery Method €0.1207
C-Section 1(12.5) 8(36.4)
Male 5(62.5) 11 (50)
Sex 0.544
Female 3(37.5) 11 (50)
No 1(12.5) 13 (59.1)
NICU need €0.024
Yes 7 (87.5) 9 (40.9)

2Independent t Test; "Mann-Whitney U Test; Fisher’s Exact Test; SD — standard deviation; Pl — pulsatility index; UA — umbilical artery; SVD — spontaneous vaginal delivery;

C-Section — cesarean section

MCA PI percentile measurements were found to be sig-
nificantly lower in the study group (p < 0.01). CPR and CPR
percentile measurements were also found to be statistically
significantly lower in the study group (p < 0.01). DV Pl and
DV PI percentile measurements do not show statistically
significant difference according to the groups (p > 0.05).
UT mean Pland UT Pl percentile measurements were found
to be statistically significantly higher in the study group
(p < 0.01). UA Pl and UA PI percentile measurements were
found to be statistically significantly higher in the study
group (p < 0.01) (Tab. 4).

No statistically significant difference was found between
the patients in the study group, Apgar 1 min, Apgar 5 min,
Umbilical artery PH and NICU hospitalization periods com-
pared to the CPR percentile groups (p > 0.05) (Tab. 5).

No statistically significant difference was found in the
study group patients in terms of Apgar 1.min, Apgar 5 min,
Umbilical artery PH and NICU hospitalization periods com-
pared to Ut A Pl percentile groups (p > 0.05) (Tab. 6).

MPIvalues have been shown to vary slightly during preg-
nancy and have an average of 0.36 MPI (between 0.28-0.44).

According to this study, the cut off value was calculated
as 0.47 and below in the ROC curve. Fetuses whose cut off
value was calculated as 0.47 and below were found to be
compatible with gestational age at birth. In fetuses with
cut off value above 0.47, FGR development sensitivity was
97.83% and specificity was 86.67% (Fig. 5).

DISCUSSION

Fetal cardiac involvement has been found in the late
stages with developmental retardation, as supported by
various studies; accordingly, the fetal heart is the main or-
gan involved in adaptation mechanisms to placental insuf-
ficiency, and fetal development retardation plays a central
role in physiopathology [8, 14-21]. The most accepted
theory is “fetal metabolic programming,” which causes dis-
eases such as obesity, diabetes mellitus, and hypertension
associated with cardiovascular diseases and secondarily
increases cardiovascular risk [16, 17].

Ductus venosus is the most important indicator of peri-
natal death, implying the need for birth in preterm FGR[13,
22, 23]. However, MPI, which is a combined indicator of sys-
tolic and diastolic function, starts to rise in the early stages
of FGR and increases proportionally with weight [14, 24].
Importantly, these parameters are affected by preload and
afterload. Tissue Doppler imaging (TDI) reflects myocardial
movement better than the conventional echocardiography,
because it evaluates cardiac function directly on the myocar-
dium and is also less affected by preload and afterload [25,
26]. Diastolic dysfunction is an earlier sign of cardiac failure.
In the evaluation of fetal cardiac function, TDI practices are
associated with increased gestational age and myocardial
rate changes [27]. In addition, the E/E'ratio is significantly
higher in fetuses with RV heart failure. The TDI technique
can measure the relaxation rate of myocardium directly
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Table 4. Doppler indices of the groups

Gestational Age

MCAPI

MCA PI percentile

CPR

CPR percentile

DVPI

DV Pl percentile

UtAPI

Ut A Pl percentile

UAPI

UA Pl percentile

Mean + SD
Min-Max (median)
Mean + SD
Min-Max (median)
Mean + SD
Min-Max (median)
Mean + SD
Min-Max (median)
Mean + SD
Min-Max (median)
>5;n (%)

<5

Mean + SD
Min-Max (median)
Mean + SD
Min-Max (median)
Mean + SD
Min-Max (median)
Mean + SD
Min-Max (median)
<95;n (%)

>95

Mean + SD
Min-Max (median)
Mean + SD
Min-Max (median)
<90; n (%)

>90

Control (n =46)
30.34+1.85
27-34 (30.4)
1.98 +0.4
1.3-2.6 (2)
53.7+37.21
1-99 (59)
216 £0.57
0.9-3.9 (2.1)
63.85 +29.48
6-99 (71.5)
46 (100)

0

0.56+0.2
0.3-1.3(0.5)
49.74 +33.95
3-99 (42)
0.84+0.11
0.6-1(0.8)
62.04 +£18.57
14-88 (61.5)
46 (100)

0

0.92+£0.12
0.7-1.2(0.9)
3143 +£23.92
1-88 (23)

46 (100)

0

Case (n=30)
30.8£2.08
26.1-33.9(31.2)
1.39+0.24
0.9-2(1.4)
7.27 £9.46
1-44(3)

1.16 £0.28
0.4-1.5(1.3)
3.13£227
1-7(2)
6(20.0)

24 (80.0)
0.57 £0.22
0.3-1.3(0.5)
49.77 +34.17
3-99 (41.5)
1.46 £0.35
1-2.4(1.4)
97.5+23
91-99 (99)
6(20.0)

24 (80.0)
1.3+0.55
0.7-2.9(1.1)
62.37 +25.26
11-99 (57)
22(733)
8(26.7)

%0.316

b0.001%*

b0.001%*

b0.001%*

b0.001%*

€0.001**

40.842

b0.924

b0.001**

b0.001**

€0.001**

b0.001**

b0.001**

€0.001**

2Independent t Test; "Mann-Whitney U Test; Ki kare test; **p < 0.01; SD — standard deviation; MCA — middle cerebral artery; CPR — cerebroplacental ratio; DV — ductus
venosus; Ut A — uterine artery; UA — umbilical artery; Pl — pulsatility index

Table 5. Evaluation of neonatal outcomes according to cerebroplacental ratio percentile groups

CPR percentile
>5(n=6) <5(n=24) #
Apgar 1% minute Mean £ SD 833+1.21 7.54+2.13 0.432
Min-Max (median) 6-9 (9) 2-9(8)
Apgar 5" minute Mean £ SD 9.67 +0.82 9.29+1.12 0.374
Min-Max (median) 8-10(10) 5-10(10)
Umbilical Artery pH Mean + SD 7.37 £0.05 7.37£0.05 1.000
Min-Max (median) 73-74(7.4) 7.2-75(74)
Mean £ SD 4+9.32 20.04 £29.73 0.230
Duration of NICU Hospitalization
Min-Max (median) 0-23(0) 0-120(9.5)

Mann Whitney U test; SD — standard deviation; CPR — cerebroplacental ratio; NICU — neonatal intensive care unit
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Table 6. Evaluation of neonatal outcomes according to uterine artery pulsatility index percentile groups

Apgar 1 minute Mean + SD
Min-Max (median)
Apgar 5" minute Mean + SD
Min-Max (median)
Umbilical Artery pH Mean + SD
Min-Max (median)
Mean = SD

Duration of NICU Hospitalization
Min-Max (median)

Ut A Pl percentile

<95 >95 #
6.5+1.91 7.88+1.97 0.071
4-8(7) 2-9(9)

9+0.82 942+1.1 0.200
8-10(9) 5-10(10)

7.38+0.05 7.37 £0.05 0.791
73-74(7.4) 7.2-7.5(7.4)

18.75 £ 16.64 16.54 £ 29.09 0.391
0-40(17.5) 0-120(0.5)

Mann Whitney U test; Pl — pulsatility index; SD — standard deviation; NICU — neonatal intensive care unit

MPI__TEI_
1004
Sensitivity: 97.8
Specificity: 86.7 -
80 CiteriorJ: <047
2 60
S
‘2
& 404
20
[o[E JLES—
0 20 40 60 80 100
100-Specificity:
Area under the ROC curve (AUC) 0.964
Standard error? 0.0239
95% confidence interval® 0.894 t0 0.993
z statistic 19.367
Significance level, p (area = 0.5) <0.0001

aDelong et al., 1988
bBinomial exact

Youden index

Youden index J 0.8449
Associated criterion <047
Sensitivity 97.83
Specificity 86.67

Figure 5. Area under the ROC curve (AUC)

and unlike conventional pulse Doppler studies, the dias-
tolic function evaluated by TDl is considerably less affected
by the loading state. TDI can also measure the myocardial
systole and diastole rates without the limitations of trans-

www. journals.viamedica.pl/ginekologia_polska

valvular flow analysis performed with pulse Doppler, which
is affected by high heart rate and preload and afterload
conditions. Chan et al. [27] claimed that myocardial velocity
determined by tissue Doppler varies with gestational age
and constituted reference tables for the myocardial tissue
Doppler with the result that diastolic function was evalu-
ated more accurately with TDI in intrauterine fetal evalua-
tion than transvalvular flow rates and concluded diastolic
dysfunction may be an early marker of fetal hypoxia in FGR.

FGR progressing with fetal hypoxia and acidemia has
been associated with long-term cardiovascular outcomes,
leading to perinatal morbidity and even mortality. Conven-
tional Doppler and mitral and tricuspid valve flow analyses
are affected by heart rate, preload, and afterload. Consider-
ing the increased pulmonary and systemic vascular resist-
ance in FGR, the RV afterload increases, and the cardiac
flow shifts from the RV to the LV. These changes in cardiac
output and afterload reduce the reliability of conventional
Doppler analysis in fetuses with FGR. Despite that, myo-
cardial velocities can be measured by the tissue Doppler
technique without being affected by these parameters. Tis-
sue Doppler technique allows for a quantitative evaluation
of the myocardial activity. Changes in myocardial rates are
a marker for mildly affected systolic and diastolic dysfunc-
tions; thus, cardiac dysfunction can be detected early with
tissue Doppler.

In our study, the IVC, IVR, and MPI increased in fetuses
with FGR whose umbilical artery Doppler findings were
either normal or affected, compared with the control group.
In cases wherein the umbilical artery Doppler findings are
not disrupted, an increase in MPI supports the view that
diastolic dysfunction may be an early marker of hypoxia
in fetuses with FGR. The prolongation of the isovolumetric
contraction period in the fetal heart was associated with
systolic dysfunction, whereas IVR prolongation was associ-
ated with diastolic dysfunction [14].
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Similarly, decreased myocardial rates are early mark-
ers of systolic and diastolic dysfunctions. In our study, we
detected a decrease in myocardial rates in fetuses with
FGR. Ventricular filling rates determined by tissue Dop-
pler technique were significantly lower in the study group
than in the control group, supporting the presence of di-
astolic dysfunction in fetuses with FGR. However, in using
the conventional Doppler, the E/A ratio used in detecting
diastolic dysfunction was similar in both groups. In some
studies, the E/A ratio determined by conventional Doppler
can only be detected in severely affected fetuses with FGR
having a reverse flow in the umbilical artery [7]. However,
in our study, we found diastolic dysfunction in fetuses with
FGR having normal umbilical artery Doppler findings by
detecting an increase in IVR and a decrease in ventricular
filling rates using the tissue Doppler technique.

Considering that TDI is considerably more sensitive
than cardiac sonographic evaluation using pulse Doppler,
tissue Doppler parameters allow to determine cardiac dys-
functions at a relatively earlier stage. Myocardial evalua-
tion with TDI in fetuses with FGR can be used in clinical
practice noninvasively. When we compared the cases with
normal and abnormal umbilical artery Doppler findings, we
could not find a difference between the groups in terms of
parameters predicting cardiac systolic and diastolic func-
tions. This situation can be explained by the view wherein in
the early stages of hypoxia, the cardiac function was affected
extending throughout various periods of fetal exposure.
It can also be explained by the limited number of cases with
impaired umbilical artery Doppler parameters. Our current
study clearly shows that in fetuses with FGR, systolic and
diastolic function changes were detected more sensitively
by TDI than by pulse Doppler. Tissue Doppler parameters
are important because they allow early monitoring by de-
termining the cardiac dysfunction at an early stage. Another
advantage is that through TDI, the findings of systolic and
diastolic cardiac dysfunction in fetuses can be determined;
such findings cannot be detected by pulse Doppler. Gener-
ally, the LV in the fetus is responsible for coronary circula-
tion and cranium, whereas the RV is the main distributor
of the lower trunk, lungs, and placenta. Considering this
distribution, the afterload is different in both ventricles
[10]. In this study, we used tricuspid annulus and tricuspid
flow measurements to evaluate the RV, which is dominant
in fetal circulation.

In addition, RV function evaluation is more accurate be-
cause myocardial velocity is evaluated only on the long axis
in which the movement of the longitudinal myocardial fib-
ers can be measured; meanwhile, the LV function depends
on the lengthening and shortening of circumferential and
longitudinal fibers at the appropriate degree and timing.
However, the orientation of myocardial fibers of the RV is

different and tends to contract along its long axis compared
to the short axis. Therefore, the evaluation of systolic func-
tion on the long axis allows the LV function to appear less
than expected and the RV function to be better evaluated.
The anatomical alignment of myocardial fibers highly influ-
ences the systolic myocardial velocities of the RV and LV
walls [10]. The most important limitation of the transvalvular
flow rate is the indirect evaluation of diastolic function by
measuring the flow of blood passing through the AV valves,
which are also affected by fetal blood volume and vascular
resistance, namely, preload and afterload. Direct measure-
ment of myocardial relaxation rate in TDI is a more sensitive
indicator of diastolic function. More importantly, TDI is less
dependent on preload and afterload.

The MPI value measured from the tricuspid annulus in the
study group was significantly higher than that in the control
group.The MPlin FGR was previously evaluated in several stud-
ies[10,28-30], and parallel to our study, it was found to be high
infetuses with FGR. In addition, increased right MPl values were
detected in a study evaluating fetuses with heart failure. The E/E’
ratio in early diastole is also closely related to filling pressures
[10], and itis significantly higherin fetuses with RV heart failure.
In our study, when comparing the E/E'ratio, no significant differ-
ence was found between the case and the control group, further
supporting the view that other TDI parameters are impaired
before heart failure develops and that TDI is a sensitive tool in
evaluating cardiac function. WhenTDI measurements (IVC, IVR,
ET, MPI, and E’) were examined in pregnant women in differ-
ent gestational weeks, no significant relationship was found
between the gestational week and TDI values.

When the umbilical artery Doppler pulsatility index is>
95th percentile, CPR is very valuable in predicting adverse
neonatal outcome.

However, in our study there are only 8 patients have
seen UA Pl > 90t percentile. Hence, FGR was defined
as an EFW < 10 percentile, CPR < 5% percentile and
mean UtA-Pl > 95t percentile.

Abnormal CPR increases the level of abnormal fetal
growth rate, significantly increased fetal distress rates at
birth, relatively lower umbilical cord pH, and the need for
neonatal intensive care unit support for fetuses with FGR
[31]. An additional finding of abnormal CPR in such cases
adds to adverse neonatal outcomes, umbilical artery end-di-
astolic flow deficiency, and signs of reversal.

If the end-diastolic flow does not increase during preg-
nancy and a small uterine artery notch is observed at the
end of systole, the development of FGR for the fetus will
have high risks. [32]. There may be no diastolic blood flow
and reversal with excessive placental dysfunction. In our
study, absent end-diastolic flow (AEDF) was observed in
only 4 patients in the study group. No reversed end-diastolic
flow (REDF) was observed.
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With this study, we concluded that it is possible to
achieve good perinatal outcomes without REDF.

The study group also had significantly higher umbili-
cal artery Pl and umbilical artery Pl percentiles than the
control group. Furthermore, birth weight percentiles and
Apgar 15t and 5"-minute measurements were statistically
significantly lower in the study group. When NICU was com-
pared in terms of duration of stay, no significant difference
was found between the two groups, but the need for NICU
hospitalization was significantly higher in the study group.
Considering the limited access to the fetus, physicians find
the evaluation of fetal well-being difficult.

Fetal diastolic dysfunction is an early marker of fetal
hypoxia. Therefore, evaluation of diastolic function using
TDI in any abnormal pregnancy should be the modality
in determining fetal well-being. TDI is useful in early fetal
delivery, determining the time of intrauterine interventions
and/or close follow-up for such cases [27-30].

CONCLUSIONS

The fetal heart is the main organ involved in placen-
tal hypoperfusion, and hypoxia adaptation mechanisms,
which play an important role in FGR pathogenesis, and
early placental changes are not likely to affect the fetus. In
our study, we detected the presence of cardiac systolic
and diastolic dysfunctions in all fetuses who suffered from
FGR with and without umbilical artery Doppler findings by
using the tissue Doppler technique. Assessment of cardiac
function using the tissue Doppler is applicable during the
intrauterine period, repeatable, and useful in various fe-
tal conditions. This technique is an indicator of early fetal
adaptation to the fetal pathophysiological process and
is more sensitive in predicting pregnancy outcomes and
long-term cardiovascular outcomes in fetuses with FGR
than the conventional Doppler. The ability to detect pre-
clinical cardiac dysfunction is the superior aspect of the
technique. However, in terms of its limitations, only clini-
cians experienced in fetal echocardiography can perform
it, and its application can be challenging. TDI is a more
sensitive tool than pulse Doppler in cardiac evaluation;
thus, tissue Doppler parameters can determine cardiac
dysfunction at an early stage, allowing for early monitor-
ing. Myocardial evaluation using TDI should be used as
a noninvasive method in fetuses with FGR.
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