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Abstract
Background: In the current literature, there is a tendency to describe normal val-
ues of echocardiographic measurements by means of the Z-score. In fetal cardiology, 
these Z-score equations are still being established. Measurement of myocardial thick-
ness is an important assessment, especially in fetuses of diabetic mothers, because of 
the risk of developing myocardial hypertrophy secondary to elevated maternal blood 
glucose levels.
Objective: To determine the percentiles and to develop the Z-score equations of right 
and left ventricular lateral walls and interventricular septum measurements using 
two-dimensional echocardiography in normal fetuses between 24 and 34 weeks of 
gestation.
Methods: This is a prospective cross-sectional study that was performed in single 
fetuses with normal heart from nondiabetic pregnant women. Measurements of the 
lateral walls of the right and left ventricles and the interventricular septum were 
made.
Results: Eight hundred and seventy three pregnant women were included. We de-
termined the percentiles of the measurements for each gestational age. The Z-score 
equation was developed for each of the measurements: right ventricular lateral wall 
measurement [RVLW = x−(−1 + 0.109 * GA)/0.4], left ventricle lateral wall measure-
ment [LVLW = x−(−1.366 + 0.12 * GA)/0.43], and interventricular septum, both at the 
four-chamber view [IVS4ch = (x−(−1.113 + 0.107 * GA)/0.4] and at the left ventricular 
outflow tract plane [IVSLVOT = (x−(−0.581 + 0.084 * GA)/0.35].
Conclusion: The present study allowed the demonstration of the percentiles and the 
Z-score equations for each of the measurements studied.
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1  | INTRODUC TION

Structural measurements of the fetal heart are important for mon-
itoring cardiac development in relation to fetal growth. Some con-
genital heart defects may be suspected early when nonstandard 
measurements for a given gestational age of the fetus are detected.1 
The literature shows a tendency to describe reference curves of 
echocardiographic measurements by means of Z-scores. In fetal car-
diology, these Z-score equations are still being established.2–13

Measurement of myocardial thickness is important in fetuses 
of diabetic pregnant women, since there is a risk for developing 
myocardial hypertrophy. Several studies suggest that myocardial 
hypertrophy due to diabetes mellitus (DM) is caused by elevated 
serum insulin levels, which consequent increase in protein and fat 
synthesis, causing greater proliferation and hypertrophy of cardiac 
myocytes.14–16 Myocardial hypertrophy may cause changes in fetal 
cardiac function: impairment of diastolic function, with alteration in 
myocardial relaxation/compliance and, at a later stage, of systolic 
function.

Some reference curves of fetal myocardial thickness in the fetus 
have already been published15–18; however, to our knowledge, no 
Z-score equations related to right and left ventricular lateral walls 
and interventricular septum thickness have been described.

This study was aimed to determine the percentiles and to de-
velop fetal Z-score equations for right and left ventricular lateral 
walls and for the interventricular septum both at four-chamber and 
outflow tract views.

2  | METHODS

This is a prospective cross-sectional study conducted in normal 
pregnant women. They were consecutively recruited from sponta-
neous demand in the city of Manaus, Amazonas, from January 2017 
to August 2018. This study was approved by the Research Ethics 
Committee of the Federal University of São Paulo (UNIFESP PhD 
Program).

Inclusion criteria were as follows: single pregnancy, live fetus; ges-
tational age defined according to the last menstrual period date (LMD) 
and/or confirmed by ultrasound performed until the 13th week; gesta-
tional age between 24 and 33 weeks and 6 days of gestation; absence 
of fetal malformations on ultrasound examination; and exclusion of 
anatomical or functional cardiac alterations by fetal echocardiography. 
Exclusion criteria were as follows: fetuses with cardiac conduction 
disorders—arrhythmias; maternal conditions that prevented adequate 
fetal cardiac imaging such as the presence of abdominal scars and obe-
sity (body mass index >30 kg/m2); chronic maternal disease such as 
high blood pressure, diabetes mellitus, nephropathy, or collagen dis-
ease; smoking or illicit drugs consumption; fetal hydrops; intrauterine 
growth restriction; oligohydramnios; and/or polyhydramnios (amniotic 
fluid index—ILA below the 5th percentile or above the 95th percentile, 
respectively, according to Moore and Cayle).19

Ultrasound studies were performed using a Vivid 7 (General 
Electric) equipment with convex (3.5C) and sector (3S and 7S) trans-
ducers. All fetal cardiac examinations were performed by the first 
author of this study (LARA).

All pregnant women who were referred to the service and signed 
an informed consent to participate in the study underwent a complete 
Doppler echocardiogram, with anatomical and functional analysis. 
After confirmation of fetal heart normality, clinical and echocardio-
graphic data according to the protocol of this study were collected.

Clinical data included name, age, race, educational level, weight, 
height, gestational history, gestational age, and indication for fetal 
echocardiography. Complete fetal echocardiography was per-
formed, with sequential segmental analysis. Structural measure-
ments of the study variables were recorded. The acquired images 
were stored for further detailed analysis if necessary.

The following fetal cardiac structures were measured: right ven-
tricular lateral wall, left ventricular lateral wall, and interventricular 
septum thickness, both at the four-chamber view, in a horizontal po-
sition, and with exposure of the left ventricular outflow tract, in a 
superior and anterior region of the septum, at the level of the mitral 
valve papillary muscle or the tip of the mitral valve leaflets, at end 
diastole (Figure 1).

F I G U R E  1   Axial section of the fetal 
chest showing the longitudinal plane 
of the heart. On the left, we observe a 
four-chamber plane with measurements 
of the right and left ventricular lateral 
walls and the middle portion of the 
interventricular septum inlet. On the right, 
measurement of the outflow tract portion 
of the interventricular septum. RV = right 
ventricle; LV = left ventricle; AO = aorta
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2.1 | Statistical analysis

All data were collected and transferred to an Excel 2007 spread-
sheet (Microsoft Corp.). Statistical analysis was performed using the 
MacBook STATA/IC 12.1 program (Apple Inc).

Initially, an exploratory analysis of echocardiographic data 
was performed using scatter plots and summary measurement 
tables. Due to the large number of data, this analysis was con-
ducted to evaluate possible discrepancies in the database. 
Discrepant data found were reevaluated and corrected. Some 
echocardiographic variables showed missing measurements. As 
our sample presented a satisfactory number, we did not consider 
data imputation.

A descriptive analysis of the studied population was performed, 
reporting the absolute and relative numbers for the qualitative 
variables and the means with their variability (standard deviation 
and/or amplitude) in the quantitative variables. Using echocar-
diographic data, the 10th, 50th, and 90th percentiles were deter-
mined for each gestational age for whole weeks, as proposed by 
Altman and Chitty.20 The 10th, 50th, and 90th percentile curves 
were constructed for each variable as a function of gestational 
age in weeks.

To assess normalization of the data, the Shapiro–Wilk test 
was performed and the histogram evaluation in all variables 
studied. Linear regression was used to evaluate the relationship 
between the measures studied and gestational age. The Z-score 
equations were generated respecting the coefficient of deter-
mination (R2 ≠ 0). If variables were independent of gestational 
age (R2 = 0), the Z-score equations would be developed by the 
mean and standard deviation of the original measurements or the 
residuals of the normalized measurements. In the case of gesta-
tional age-dependent variables (R2 ≠ 0), the Z-score equations 
would be generated from the relationship between the original 
measurements or the normalized value residuals and the linear 
regression of the data obtained, divided by the respective stan-
dard deviation.

Thus, Z-score formulas were developed for measurements of the 
right ventricular lateral wall, left ventricular lateral wall, four-cham-
ber interventricular septum, and left ventricular outflow tract.

3  | RESULTS

The recruitment profile performed in this study is recorded in 
Figure 2.

One thousand and seventy-four fetal echocardiograms were 
performed during the data collection period. Fifty-eight cases were 
excluded after the identification of some cardiac alteration in the 
fetus, and 203 pregnant women were also removed from the anal-
ysis because of their high BMI, among which, coincidentally, some 
were diabetic. A total of 873 pregnant women were included in the 
final analysis.

The mean age of the pregnant women was 29.2 ± 6 years, and 
19.7% were ≥35 years old. The mean body mass index was 26.9 kg/
m2. The most evident level of education was completed college and 
high school (44.8% and 39.4%, respectively). The mean gestational 
age at fetal echocardiography was 29 weeks. The number of cases 
by gestational age is provided in Figure 3. Approximately half of the 
mothers were brown (53.3%). Almost 85% of pregnant women were 
routinely screened, without risk factors for fetal cardiac disease, 
10% for maternal risk and less than 1% for fetal or family risk. As 
for parity, 48.5% were nulliparous and 51.5% multiparous (Table 1).

The 10th, 50th, and 90th percentile curves of the right ventric-
ular lateral wall, left ventricular wall, and interventricular septum 
measurements at the four-chamber view and at the left ventricular 
outflow tract are shown below (Figure 4).

F I G U R E  2   Flowchart of the study. 
BMI = body mass index

F I G U R E  3   Histogram showing the number of cases by 
gestational age of the studied fetuses
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Development of equations for the calculation of the Z-score 
of measurements assessed in normal fetuses by two-dimensional 
echocardiography.

The basic Z-score equation for the development of the formulas 
of the studied variables was as follows:

Z(x) = (x) − E(x).
SD (x).

where (x) is the measure of the studied variable. E (x) is value gen-
erated through linear regression (considering that the variable de-
pends on gestational age). SD (x) is the standard deviation.

The studied variables presented normal distribution, being unnec-
essary to perform any transformation function in the elaboration of 
the Z-score equation, thus leaving the formula with a better applicabil-
ity. We also observed that the cardiac measurements performed were 
dependent on the gestational age of the fetus, thus with a nonzero 
coefficient of determination (R2 ranging from .27 to .37; Table 2).

As the variables studied were dependent on gestational age 
(R2 ≠ 0), the Z-score equations were generated from the relation-
ship between the original measurements and the linear regression 
of the data obtained, divided by the respective standard deviation 
(Table 3).

4  | DISCUSSION

In the present study, the curves for the 10th, 50th, and 90th per-
centiles were determined for four myocardial measurements: right 
ventricular lateral wall, left ventricular lateral wall, four-chamber 
interventricular septum, and left ventricular outflow tract inter-
ventricular septum. In addition, equations were developed for the 
Z-score calculation for all these variables.

With the determination of these percentiles, during the gesta-
tional period assessed (between 24 weeks and 33 weeks and 6 days), 
it was confirmed that these measures changed during pregnancy. 
This modification is a subtle increase, probably due to the architec-
tural development of fetal myocardial structures.21 In special situ-
ations, such as in diabetic pregnancies, an exaggerated myocardial 
thickening secondary to maternal inadequate glycemic control may 
be observed.14,15

In two published studies, no statistically significant variation in 
the measurements of the interventricular septum of the fetus with 
advancing gestational age was shown.16,17 However, these studies 
had a small sample size and the evaluated periods of gestational 
age were also restricted (28–37 weeks16 and 32–35 weeks of gesta-
tion,17 respectively). Another study, published in 1992, performed a 
longitudinal evaluation in fetuses 18 weeks to term, showed a grow-
ing curve according to gestational age, being the first developed ref-
erence curve and the most used up to now.18

Fetal myocardial reference curves are important to assist in early 
detection and follow-up of myocardial hypertrophy.16–18 The devel-
opment of a Z-score equation for fetal myocardial measurements is 
the main original contribution of our study. The adequate sample 
size allowed creation of a less complex equation, and as a conse-
quence its applicability to routine daily clinical practice in fetal car-
diology is predictable.

A value considered normal for the Z-score would be between + 2 
and −2. For example, in a hypothetical 29-week fetus with an IVS 
measuring 3.5 mm, the Z-score would be + 3.3, according to the 
equation developed for this structure (Table 3). This value would 
indicate interventricular septum hypertrophy, with implications to 
follow-up, prenatal management, and birth planning.

Some limitations can be pointed out in this study. First, no echo-
cardiograms were routinely performed in the neonatal period to 
confirm fetal examination findings. The gestational age range of 
this sample was limited to the period between 24 and 33 weeks and 
6 days of gestation, in order to avoid possible inadequate images for 
reference curves. Another potential limitation of the study is that the 
curves demonstrate the most common values to be found and thus 
considered normal for the populational sample studied; thus, values 
found outside this curve should not be considered in isolation, being 
necessary a sequential evaluation of these measurements to ascer-
tain the diagnosis of myocardial hypertrophy in a particular fetus.

In conclusion, the 10th, 50th, and 90th percentile curves and 
Z-score equations were developed for thickness of fetal right and left 
ventricular walls and interventricular septum, increasing reliability in 

Variables

Maternal age in years, (mean, SD) 29.2 ± 6

Maternal age ≥ 35 years, n (%) 335 (19.7)

Fetal GA, in weeks (mean, amplitude.) 28.8 (24–34.8)

Body mass index, in kg/m2 (mean, SD) 26.9 (2.9)

Race, n (%)

Caucasian 384 (44)

Brown 464 (53.3)

Black 22 (2.5)

Level of instruction, n (%)

Superior (complete) 389 (44.8)

Superior (incomplete) 121 (13.9)

Medium 342 (39.4)

Basic 16 (1.84)

Indication for fetal echocardiography, n (%)

Routine screening 752 (86.4)

Maternal risk 92 (10.5)

Fetal risk 8 (0.9)

Familial risk 5 (0.57)

Gestational history (mean, amplitude)

Gestation 1.8 (1–7)

Parity 0.6 (0–6)

Abortions 0.2 (0–3)

Abbreviations: GA = gestational age; n = absolute number; 
SD = standard deviation.

TA B L E  1   Demographic data (n = 873)
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the echocardiographic diagnosis and follow-up of fetal myocardial 
hypertrophy and borderline cases. This is especially important when 
the possibility of fetal cardiac dysfunction is among the possible out-
comes, such as fetal cardiac hypertrophy in maternal diabetes, intra-
uterine growth restriction, fetal anemia, agenesis of ductus venosus, 
and many others.
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