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This study aimed to measure and compare the ejection force of the cardiac chambers in
healthy singleton fetuses and to investigate the relationship of ejection force of cardiac
chambers with gestational age, fetal sex, and fetal heart rate.

A prospective study was performed on 68 singleton fetuses with a gestational age of
17-34 weeks. Atrial and ventricular ejection force was measured. Measurements were
repeated in 18 of the fetuses to assess intraobserver reliability.

The right atrium had the highest ejection force of all the cardiac chambers. Ejection force
of both atria and ventricles increased with gestational age.
The right atrium is the dominant chamber of the fetal heart in 17-34 weeks of gestation.

Comparison of our values with previous studies indicates that left atrial ejection force
almost doubles in the 15 month after birth. This study highlights the crucial role of the

right atrium in the fetal cardiac function during 17-34 weeks of gestation.
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INTRODUCTION

Assessment of cardiac function is an important
component of fetal echocardiography.'! There are several
methods of assessment of systolic and diastolic function
of the fetal heart by two-dimensional, color Doppler,
tissue Doppler, and three-dimensional echocardiography
with spatiotemporal image correlation.>”! However,
a method for routine clinical practice needs to be
non-time-consuming, inexpensive, and applicable to
all four chambers of the heart. Ejection force is a
Doppler index which is based on the Newton’s second
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law of motion and when compared with other Doppler
indices, is less preload and afterload dependent.!3-10]
Its measurement is easy and reproducible and does
not require any special echocardiographic hardware
or calculation software. Ejection force is expressed as
millinewton or dynes and allows comparison of the
function of all four cardiac chambers using a uniform
metric.

There are only a few studies on ventricular ejection
force in fetuses with normal and abnormal hearts,
and the literature on fetal atrial ejection force is even
scarcer.!'!151 To the best of our knowledge, measurement
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and comparison of the ejection force of the four cardiac
chambers of the normal fetal heart has not been reported
so far.

The aims of this prospective study on healthy fetuses
were threefold: (1) to determine the normal values of
ejection force of the right atrium, the left atrium, the
right ventricle, and the left ventricle, (2) to compare
the ejection forces of the four cardiac chambers, and (3)
to investigate the relationship of ejection forces of the
cardiac chambers with fetal gestational age, fetal sex,
and fetal heart rate.

PATIENTS AND METHODS

We performed a prospective cross-sectional study on
68 consecutive healthy singleton fetuses referred for
fetal echocardiography to the Fetal Cardiology Unit of
Children’s Medical Center from July 2017 to December
2017.

We defined the gestational age by the specific date of the
last menstrual period and the ultrasound examination
during the second trimester. The mothers had been
referred by perinatologists and gynecologists with
routine indications for fetal echocardiography.!' !¢l

Inclusion criteria for mothers were singleton pregnancy;
absence of maternal diabetes, hypertension, collagen
vascular disease, and cardiovascular disorder; and
absence of consumption of any drug which could
potentially affect the fetal heart such as antihypertensive
medications or corticosteroids.'”! Only healthy fetuses
with no structural and chromosomal abnormality
were included in the study. Fetuses with poor acoustic
window were excluded from the study. Informed consent
was obtained from all the participants. The study was
approved by the Research Ethics Committee of Tehran
University of Medical Sciences. The research was
performed in accordance with the ethical principles of
the Declaration of Helsinki.[8!

Echocardiography protocol

A single senior pediatric cardiologist performed all the
fetal echocardiographic examinations using Affinity 70
Ultrasound system (Philips, Holland) and C9-2 curved
array probe.

We adjusted the gain for each examination and set the
sweep speed at the highest (264 mm/s) for Doppler
measurements. The sample size was adjusted according
to the size of the fetus. All measurements were done when
the fetus was not moving. Measurements were repeated
for five consecutive cardiac cycles and averaged. To
obtain Doppler flow of the pulmonary and aortic valves,
we inserted the ultrasound beam of the gated-pulsed
wave Doppler in the main pulmonary artery and
ascending aorta immediately above the respective valves.
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Tricuspid and mitral valve flow velocities were recorded
immediately beyond the valves in the ventricle. The
angle of insonation was <20°. The diameters of mitral
and tricuspid valves (TVs) were measured in 4-chamber
views in diastole. The diameters of pulmonary and
aortic valves were measured in systole. The diameter of
the pulmonary valve was measured in short-axis view
of the right ventricle or sagittal approach to the ductal
arch. The diameter of the aortic valve was measured
in long-axis view of the left ventricle. To assess the
intraobserver reliability, measurements were repeated
in 18 of the fetuses.

Measurements and calculations

Atrial and ventricular ejection forces were measured

using the following formulas:[12]

e Right atrial ejection force (RAEF) =0.5x p x TVA
x (peak A velocity) 2

e Left atrial ejection force (LAEF) =0.5x p x MVA
x (peak A velocity) 2

e Right ventricular ejection force (RVEF)
= (1.055 x pulmonary valve area x TVI ac) x (PSV/
TPV)

e Left ventricular ejection force (LVEF) = (1.055 x aortic
valve area x TVI ac) x (PSV/TPV)

1.055 = Density of blood (g/cm?), p = The density of
the blood = 1.06 g/cm?; TVA = Tricuspid valve area
=7 X (tricuspid valve radius) ? (cm?); MVA = Mitral
valve area = n x (mitral valve radius) 2 (cm?);
TVI ac = Flow time velocity integral during the
acceleration time of the pulmonary/aortic blood
flow; PSV = Peak systolic velocity (cm/s); TPV = Time
to peak velocity (seconds).
The unit of atrial and ventricular ejection force can be
expressed as dynes(g.cm/s?) or milli newton (mN). Each
100 dynes is equal to one mN. One millinewton is the
force needed to move one gram mass at an acceleration
rate of one meter per second squared(g.m/s?).

We also calculated the following parameters using these
formulas:
e Total cardiac ejection force (TCEF) = RAEF +
LAEF + RVEF + LVEF
e The ratio of ejection force of the atria to TCEF =
RAEF+LAEF
TCEF

e The ratio of ejection force of the ventricles to TCEF
— RVEF+LVEF

TCEF
e The ratio of ejection force of the right heart to TCEF
— RAEF+RVEF
TCEF

e The ratio of ejection force of the left heart to TCEF
— LAEF+LVEF

TCEF

The ratio of RAEF to TCEF = RAEF
TCEF
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e The ratio of LVEF to TCEF = TCEF

Statistical analysis

We performed a descriptive analysis for all parameters.
Shapiro-Wilk test was used to determine the normality
of distribution of data for each variable. Variables with
normal distribution were analyzed using parametric tests
and those with nonnormal distribution were analyzed
using nonparametric tests. Kruskal-Wallis H-test was
performed to compare nonparametric variables, using
both a series of post hoc Mann-Whitney U-tests and
pairwise comparisons with significant values adjusted by
the Bonferroni correction for multiple tests. Independent
t-tests, one-way analysis of variance, and Scheffe’s post hoc
tests were done for comparison of parametric variables.

Simple and multiple regression were used for the
evaluation of the correlation between ejection forces
of cardiac chambers and independent variables of fetal
gestational age, fetal sex, and fetal heart rate. All data
were analyzed using IBM SPSS Statistics for Windows,
version 25 (IBM Corp., Armonk, N.Y., USA). P < 0.01 was
considered statistically significant.

Fifth percentile and ninety-fifth percentile for RVEF
and LVEF, according to fetal gestational age, were
calculated using STATA 14 software (StataCorp. 2015.
Stata Statistical Software: Release 14. College Station, TX:
StataCorp LP. USA).

RESULTS

We measured the ejection force of the
atria and ventricle in the fetal heart of 68 singleton
healthy fetuses of 17-34 weeks of gestation. In 18 cases
in which the measurements were repeated by the same
echocardiographer, the intraclass correlation coefficient
was 0.911 (95% confidence interval [CI]: 0.876-0.9406).

Ejection forces of the four cardiac chambers

Basic characteristics of the study population are shown
in Table 1. The mean * standard deviation (SD) and the
median of ejection forces of the four cardiac chambers
are shown in Table 2. The ratios and composite ratios of
ejection force are displayed in Table 3. Figure 1 indicates
the mean and 95% CI of the ejection force of cardiac
chambers.

Comparison of the ejection forces of the four
cardiac chambers

Kruskal-Wallis H-test, performed to compare the RAEF, LAEF,
RVEF, and LVEF, showed a significant difference between

Table 1: Basic characteristics of the study

population

Variable Value
Male sex, n (%) 45 (66)
Female sex, n (%) 23 (34)

Fetal gestational age in weeks, mean+SD
(range)

Fetal heart rate as beats/min, mean+SD
(range)

Maternal age in years, mean+SD

SD: Standard deviation

21.14x3.21 (18-34)
14418 (119-161)

29.12+5.58

Table 2: Meanzstandard deviation and median of
ejection forces of cardiac chambers in 68 healthy
and singleton fetuses from 17 to 34 weeks of
gestational age

Variable Mean+SD Median
(10®) newton (or mN)

RAEF 4.96+4.04 422

LAEF 3.94+2.82 3.06

RVEF 4.35+3.84 3.86

LVEF 3.70+3.32 2.51

TCEF 16.91+11.61 12.57

RAEF: Right atrial ejection force, LAEF: Left atrial ejection force, RVEF:
Right ventricular ejection force, LVEF: Left ventricular ejection force,
TCEF: Total cardiac ejection force, SD: Standard deviation

ejection forces of the four cardiac chambers (P=0.011).
Post hoc pairwise comparison and also a series of post
hoc Mann-Whitney U-tests showed that the ejection force
of the right atrium was significantly higher than the left
ventricle (P = 0.002).

The ratio of RAEF to total cardiac ejection
force (RAEF/TCEF) was significantly higher than the
ratio of other cardiac chambers (LAEF/TCEF: P < 0.001,
RVEF/TCEF: P=0.003, and LVEF/TCEF: P <0.001). There
was no significant difference between LAEF/TCEF and
LVEF/TCEF (P = 0.986) [Figure 2].

Effect of fetal heart rate, fetal gestational age,
and fetal sex on ejection force of fetal cardiac
chambers

Simple and multiple linear regression showed a
significant correlation between ejection force of atria
and ventricles and fetal gestational age (P < 0.001). For
each week increase in fetal gestational age, the ejection
force of RA, LA, RV, and LV increased 1.07, 0.70, 0.62,
and 0.81mN, respectively [Table 4 and Figure 3].

There was no significant correlation between fetal
heart rate and ejection forces of the cardiac chambers
(RA: adjusted R? = 0.014, P = 0.165; LA: adjusted
R?=0.016, P=0.156; RV: adjusted R*=-0.013, P=0.668;
and LV: adjusted R? = -0.015, P= 0.857).

Furthermore, we found no significant correlation
between fetal sex and ejection forces of the cardiac
chambers (RA: adjusted R? = -0.016, P = 0.938;
LA: adjusted R? = -0.015, P = 0.836; RV: adjusted
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Table 3: Meantstandard deviation of ratios of ejection forces of cardiac chambers in 68 healthy and
singleton fetuses from 17 to 34 weeks of gestational age

RHEF LHEF RHEF TAEF RAEF LAEF

RVEF LVEF RAEF RAEF LAEF RVEF

TCEF TCEF LHEF TVEF TCEF TCEF

TCEF TCEF LAEF RVEF LVEF LVEF

0.54+0.08 0.45+0.08 1.30+0.58 1.31+0.71 0.29+0.08 0.24+0.06 0.25+0.11 0.21+0.89 1.27+0.47 1.66+2.38 1.52+1.14 1.61+1.48

RAEF: Right atrial ejection force, RVEF: Right ventricular ejection force, RHEF: Right heart ejection force, i.e., the sum of the right atrial and right
ventricular ejection force, LAEF: Left atrial ejection force, LVEF: Left ventricular ejection force, LHEF: Left heart ejection force, i.e., the sum of the left
atrial and the left ventricular ejection force, TCEF: Total cardiac ejection force, i.e., the sum of the ejection forces of the right atrium, left atrium, right

ventricle, and left ventricle

Table 4: Simple and multiple linear regression analysis of fetal gestational age, fetal sex and maternal
age and ejection force of fetal cardiac chambers in 68 healthy and singleton fetuses from 17 to 34 weeks

of gestational age

Dependent Predictor Unstandardized  95% confidence P Unstandardized  95% confidence P
variable variable coefficient (B) interval (Cl) coefficient (B) interval (Cl)

Lower Upper Lower Upper

Bound Bound Bound Bound
RAEF Fetal 106.499 89.513 123.486 <0.001 107.327 89.664 129.99 <0.001
LAEF gestational age 70.925 57.822 84.027 <0.001 70.469 57.075 83.863 <0.001
RVEF 62.745 37.168 88.321 <0.001 62.150 36.44 87.861 <0.001
LVEF 81.520 65.358 97.681 <0.001 81.703 64.843 98.563 <0.001

*Predictor variables: Fetal gestational age, fetal sex, fetal heart rate, and maternal age, *Abbreviations: RAEF: right atrial ejection force, LAEF: left atrial
ejection force, RVEF: right ventricular ejection force, LVEF: left ventricular ejection force

R?> = -0.016, P = 0.9; and LV: adjusted R? = -0.008,
P=0.477).

Comparison of ejection force of the right heart and
the left heart

Mann-Whitney U-test revealed that the sum of ejection
force of the right heart, i.e., the sum of RAEF and RVEF,
was significantly higher than that of the left heart, i.e.,
the sum of LAEF and LVEF (P < 0.001).

Comparison of peak A velocity and valve area of
tricuspid and mitral valves

One sample t-test showed a significant difference between
A velocity of the tricuspid and mitral valves (mean + SD
of 48.44 + 6.56 cm/s vs. 47.42 + 5.09 cm/s, respectively,
P<0.001). The TV area was also significantly larger than
the mitral valve area (mean + SD of 0.27 + 0.09 cm? vs.
0.24 + 0.08 cm?, respectively, P < 0.001).

Comparison of peak velocity and valve area of
pulmonary and aortic valves

Peak systolic velocity of pulmonary valve was significantly
higher than the aortic valve (mean + SD of 60.06 + 10.54 cm/
sec vs. 58.62.42 + 13.98 cm/sec, respectively, P < 0.001).
Thepulmonary valve area was also significantly larger than
the aortic valve area (mean + SD of 0.16 + 0.09 cm? vs.
0.12 + 0.06 cm?, respectively, P < 0.001).

DISCUSSION

Our study showed that the right atrium is the dominant
chamber of the heart in fetuses aged 17- 34 weeks of
gestation.

600
500 48]
j435)
=
g
300
200
RAEF LAEF RVEF LVEF

Figure 1: Error bar indicating mean and 95% confidence interval
of the right atrial ejection force, left atrial ejection force, right
ventricular ejection force, and left ventricular ejection force.
RAEF: Right atrial ejection force, LAEF: Left atrial ejection force,
RVEF: Right ventricular ejection force, LVEF: Left ventricular
ejection force

There are several advantages for the measurement of
ejection force for the evaluation of cardiac function. It
can be easily applied to all the four cardiac chambers,
including atria and ventricles. Comparison of cardiac
chambers is easy because of a single unit or metric, i.e., mN.
Compared with other Doppler indices, it is less dependent
on preload and afterload, although there is controversy
regarding the afterload dependency of LVEE.I'0191 Tt does
not require any special echocardiographic hardware or
calculation software. There is an acceptable positive
correlation between ejection force of atria and ventricles
with other echocardiographic parameters for the
assessment of cardiac function, including atrial strain
and reserve and booster-pump function of the atria and
ventricular ejection fraction.!®2%
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To the best of our knowledge, there are five reports
on reference values of ejection forces of the cardiac
chambers in the fetal period.l'''5! In none of them, all
the four cardiac chambers are simultaneously measured.
Furthermore, there is no study on reference values of
RAEF and LAEF during any week of gestation in healthy
fetuses.

Wiloch et al. studied ejection force of the atria in the embryos
aged 6-10 weeks of gestation, but they did not define values
for RAEF and LAEF separately.l'!! They reported the ratio
of atrial to ventricular ejection force to be more than 1.
Similarly, in our study, atrial to ventricular ejection force
was more than 1 in both the right and the left hearts.

27

28]
26]

95% Cl

24

21

18

RAEFITCEF LAEFITCEF RVEFITCEF LVEFITCEF

Figure 2: Error bar indicating mean and 95% confidence interval
of ratios of the right atrial ejection force, left atrial ejection force,
right ventricular ejection force, and left ventricular ejection force
to total cardiac ejection force. RAEF: Right atrial ejection force,
LAEF: Left atrial ejection force, RVEF: Right ventricular ejection
force, LVEF: Left ventricular ejection force, TCEF: Total cardiac
ejection force

Kiani et al. reported a mean + SD of 10.11 + 4.2 mN for
normal LAEF in 47 neonates.?!! Zhong et al. measured
LAEF in 102 healthy adult individuals. Similar to our
findings, they showed that LAEF increases with age, but
does not differ significantly with gender.??

Rizzo et al. studied RVEF and LVEF in 156 normal
fetuses and 72 fetuses with intrauterine growth
retardation (IUGR). They found that both RVEF and LVEF
decrease in IUGR. These authors provided reference
values for RVEF and LVEF as 5%-95% percentiles in normal
fetuses aged 18-40 weeks.!"? Comparison of our findings
with their results is tabulated in Table 5. Rasanen et al.
studied ventricular ejection force in 73 normal and
41 abnormal fetal hearts of fetuses of 19-41 weeks of
gestation. They showed that chronic volume overload
increases RVEF and acute pressure overload decreases
RVEF. None of these loading conditions changed
LVEF.'3 They reported the mean + SD of 12.7 + 4.7 and
12.2 £+ 4.9 mN for RVEF and LVEF, respectively. Szwas
et al. measured RVEF and LVEF in 76 healthy fetuses aged
17-40 weeks and reported a range of values of 0.97-28.5
and 0.73-24.2 mN, respectively.l'¥ The range of RVEF and
LVEF in our series was 1.43-26.45 and 0.44-17.5 mN,
respectively. More than tenfold rise in ventricular
ejection force during the second half of gestation and
the fewer number of fetuses aged more than 30 weeks
in our series explain our lower values.!?

Parasuraman et al. studied RVEF and LVEF in 236 healthy
fetuses with a gestational age of 12-40 weeks.!">! They
reported their normative values for RVEF and LVEF as
3rd-97% percentiles and also as median values at 18, 30,
and 37 weeks.
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Figure 3: (a-d) Values of the right atrial ejection force, left atrial ejection force, right ventricular ejection force, and left ventricular
ejection force in 68 singleton healthy fetuses according to fetal gestational age in weeks. (a) Right atrial ejection force, (b) Left atrial
ejection force, (c) Right ventricular ejection force, and (d) Left ventricular ejection force
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Valve area and peak velocity are the two components of
the formula for ejection force. In our study, cross-sectional
area of the TV was significantly larger than the mitral
valve. We also found that the peak A velocity of the TV was
significantly higher than the mitral valve. This raises the
question of why peak A velocity is higher in the TV relative
to the mitral valve? Is the vortex dynamics in the right
atrium different from that of the left atrium? To explain
the higher peak A velocity, we investigated the dynamics
of flow entering into the RA from inferior vena cava (IVC)
and superior vena cave (SVC). Interestingly, we found that
the flow from superior vena cava and IVC enter into the
RA with an angle of near 60° on both sides [Figure 4 and
Videos 1 and 2]. The symmetrical and convergent entrance
of flow from both sides through IVC and SVC into the RA
may explain the increase in the peak A velocity of the
diastolic blood flow across the TV. Doppler vortography
is a new imaging modality in Doppler echocardiography,

T80T MI0§

Figure 4: (a) Bicaval view. (b) Same as Figure (a), but with labels.
The two angles: angle number 1 that is between the axis of inferior
vena cava and the line passing through the tricuspid valve orifice
and the angle number 2 that is between the axis of inferior vena
cava and the line passing through the tricuspid valve orifice. The
first angle is 60° and the second is 50°. Flow enters into the right
atrium from the two sides with almost the same angle toward the
tricuspid valve orifice. This can lead to augmentation of flow and
increased A velocity
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which may be helpful in understanding the importance
of vortex dynamics in the fetal heart in future.?3?4 The
increased volume of the fetal right atrium may also be
contributive.?’! Currently, there is no study to objectively
demonstrate the effect of changes in preload and afterload
on the ejection force of fetal atria and ventricles.

Practical clinical implications of ejection force of
cardiac chambers in the fetal period and beyond

Abnormalities of ventricular ejection force of cardiac
chambers are reported in a variety of cardiac pathologies
in the fetuses, neonates, and adults.!1214-29]

Atrial ejection force

Atrial ejection force not only indicates atrial systolic
function but also provides information regarding
ventricular diastolic function.?82°1 Abnormally reduced
LAEF indicates decreased atrial systolic function, and
abnormally increased LAEF is indicative of ventricular
diastolic dysfunction.?¢331 Decreased LAEF has been
reported in paroxysmal atrial fibrillation and sick sinus
syndrome in adults and indicates poorer outcome after
catheter ablation.?7:30!

Kiani et al. evaluated systolic and diastolic function
in newborns with mild asphyxia. They showed that
increased LAEF index can unveil latent abnormality
in the left ventricular filling.?¢ Similarly, in adults,
increased LAEF has been shown to be as a manifestation
of LV diastolic dysfunction patients with myocardial
infarction and hypertrophic cardiomyopathy.!?%3! LAEF
is increased in chronic heart failure and can be used as
a helpful parameter for the optimization of treatment of
adult patients with chronic heart failure.3233

By extrapolation of the studies in adults, we may conclude
that decreased LAEF may be helpful in the diagnosis of
fetal atrial arrhythmias and increased LAEF may be

Table 5: Comparison of our findings on the right and left ventricular ejection force in 68 healthy singleton
fetuses aged 17-34 weeks with the study of Rizzo et al. (including 156 fetuses aged 18 to 38 weeks)

according to each week of gestation!'?

Gestational RVEF (mN) LVEF (mN)
age (week) Our study Rizzo et al. Our study Rizzo et al.
(5" to 95" percentile) (5" to 95" percentile) (5" to 95" percentile) (5" to 95" percentile)
17 1.21-2.96 - 0.41-1.27 -
18 1.44-4.66 2.07-3.33 0.45-2.14 0.88-1.89
19 1.51-4.81 2.36-3.80 1.08-3.28 1.01-3.32
20 2.21-4.96 2.69-4.33 1.38-3.95 1.16-3.82
21 2.61-5.46 3.07-4.94 1.71-3.98 1.33-4.38
22 3.56-6.45 3.50-5.63 1.78-5.19 1.53-5.03
23 4.06-6.91 3.99-6.42 3.10-5.80 1.76-5.78
24 4.19-6.96 4.55-7.32 3.34-7.84 2.02-6.63
25 5.11-9.86 5.19-8.35 3.58-8.87 2.32-7.62
26 6.18-10.14 5.92-9.52 5.42-9.08 2.66-8.74
28 8.09-10.98 7.69-12.37 7.63-10.86 3.51-11.53
29 11.06-13.97 8.77-14.12 8.68-11.56 4.02-13.23
32 17.62-24.41 13-20.92 10.95-13.54 6.09-20.0
34 21.46-26.12 16.90-27.20 12.41-18.15 8.03-26.41

*Rizzo et al. presented the normative values as percentiles. RVEF: Right ventricular ejection force, LVEF: Left ventricular ejection force!'
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useful for the recognition of fetal ventricular diastolic
dysfunction, particularly in the presence of hypertrophic
cardiomyopathy in fetuses of diabetic mothers.

Ventricular ejection force

Both RVEF and LVEF are reduced in fetuses with
IUGR."?I TUGR occurs in 10%-15% of pregnancies and
is an important cause of perinatal morbidity and
mortality with significant short- and long-term adverse
consequences including metabolic syndrome and
neurologic disorders.l34

Decreased ventricular ejection force to <5 percentile has
been shown to portend poor prognosis in these fetuses.!?
Hence, early detection of abnormal ventricular ejection
force in fetuses with IUGR may be helpful in timely
management of this high-risk population. Increased
RVEF is reported in fetuses with hypoplastic left heart
syndrome.!'#

Avramides et al. reported decreased LVEF in patients with
dilated cardiomyopathy.?! They showed that patients
with higher NYHA class had lower LVEF. Increased LVEF
is reported in adults with hypertension.B% Further
investigations are needed to reliably extrapolate findings
on ejection force of cardiac chambers in the adult
population to the fetal period.

Limitations

The sample size of our study was small. Further studies
with larger sample size and adequate number of fetuses
in each gestational week are recommended. Geometrical
assumption could be a source of bias in our calculations;
however, we performed all our measurements according
to the recommendations of the American Society of
Echocardiography to minimize any potential error.3¢

CONCLUSION

We measured RAEF and LAEF and RVEF and LVEF in
68 healthy singleton fetuses between 17 and 34 weeks
of gestation. The right atrium is the dominant cardiac
chamber in healthy fetuses.

Financial support and sponsorship
Nil.
Conflicts of interest

There are no conflicts of interest.

REFERENCES

1. Donofrio MT, Moon-Grady AJ, Hornberger LK, Copel JA,
Sklansky MS, Abuhamad A, et al. Diagnosis and
treatment of fetal cardiac disease: A scientific statement
from the American Heart Association. Circulation
2014;129:2183-242.

2. Tutschek B, Schmidt KG. Techniques for assessing

cardiac output and fetal cardiac function. Semin Fetal
Neonatal Med 2011;16:13-21.

3. DeVore GR. Assessing fetal cardiac ventricular function.
Semin Fetal Neonatal Med 2005;10:515-41.

4. Comas M, Crispi F. Assessment of fetal cardiac function
using tissue Doppler techniques. Fetal Diagn Ther
2012;32:30-8.

5. Van Mieghem T, DeKoninck P, Steenhaut P, Deprest J.
Methods for prenatal assessment of fetal cardiac
function. Prenat Diagn 2009;29:1193-203.

6. Crispi F, Gratacos E. Fetal cardiac function: Technical
considerations and potential research and clinical
applications. Fetal Diagn Ther 2012;32:47-64.

7. Ahmed BI. The new 3D/4D based spatio-temporal
imaging correlation (STIC) in fetal echocardiography:
A promising tool for the future. ] Matern Fetal Neonatal
Med 2014;27:1163-8.

8. Piros GA, Domsik P, Kalapos A, Lengyel C, Orosz A,
Forster T, et al. Left atrial ejection force correlates with
left atrial strain and volume-based functional properties
as assessed by three-dimensional speckle tracking
echocardiography (from the MAGYAR-healthy study).
Rev Port Cardiol 2016;35:83-91.

9. Zhong L, Tan RS, Ghista D. Proper use of left atrial
ejection force as a measure of left atrial mechanical
function. Echocardiography 2012;29:878-84.

10. Isaaz K, Ethevenot G, Admant P, Brembilla B, Pernot C.
A new Doppler method of assessing left ventricular
ejection force in chronic congestive heart failure. Am J
Cardiol 1989;64:81-7.

11. Wloch A, Rozmus-Warcholinska W, Cnota W, Huhta ]JC,
Acharya G. Atrial dominance in the human embryonic
heart: A study of cardiac function at 6-10 weeks of
gestation. Ultrasound Obstet Gynecol 2015;46:553-7.

12. Rizzo G, Capponi A, Rinaldo D, Arduini D, Romanini C.
Ventricular ejection force in growth-retarded fetuses.
Ultrasound Obstet Gynecol 1995;5:247-55.

13. Rasanen J, Debbs RH, Wood DC, Weiner S, Weil SR,
Huhta JC. Human fetal right ventricular ejection
force under abnormal loading conditions during the
second half of pregnancy. Ultrasound Obstet Gynecol
1997;10:325-32.

14. Szwast A, Tian Z, McCann M, Donaghue D, Rychik J. Right
ventricular performance in the fetus with hypoplastic
left heart syndrome. Ann Thorac Surg 2009;87:1214-9.

15. Parasuraman R, Osmond C, Howe DT. Gestation-specific
reference intervals for right and left ventricular ejection
force from 12 to 40 weeks of gestation. ] Obstet Gynaecol
Res 2012;38:160-4.

16. Komisar J, Srivastava S, Geiger M, Doucette J, Ko H,
Shenoy ], et al. Impact of changing indications and
increased utilization of fetal echocardiography on
prenatal detection of congenital heart disease. Congenit
Heart Dis 2017;12:67-73.

17. Palinski W. Effect of maternal cardiovascular conditions
and risk factors on offspring cardiovascular disease.
Circulation 2014;129:2066-77.

18. General Assembly of the World Medical Association.

226 Annals of Pediatric Cardiology / Volume 12/ Issue 3 / September-December 2019



19.

20.

21.

22.

23.

24,

25.

26.

27.

World medical association declaration of Helsinki:
Ethical principles for medical research involving human
subjects. ] Am Coll Dent 2014;81:14-8.

Lloyd TR, Donnerstein RL. Afterload dependence
of echocardiographic left ventricular ejection force
determination. Am J Cardiol 1991;67:901-3.

Avramides D, Perakis A, Voudris V, Gezerlis P.
Noninvasive assessment of left ventricular systolic
function by stress-shortening relation, rate of change of
power, preload-adjusted maximal power, and ejection
force in idiopathic dilated cardiomyopathy: Prognostic
implications. ] Am Soc Echocardiogr 2000;13:87-95.

Kiani A, Kocharian A, Shabanian R, Rahimzadeh M,
Shakibi JG. Left atrial ejection force in healthy newborn
infants. J] Am Soc Echocardiogr 2008;21:725-8.

Zhong L, Tan LK, Finn C]J, Ghista D, Liew R, Ding ZP. Effects
of age and gender on left atrial ejection force and volume
from real-time three-dimensional echocardiography.
Ann Acad Med Singapore 2012;41:161-9.

Mehregan F, Tournoux F, Muth S, Pibarot P, Rieu R,
Cloutier G, et al. Doppler vortography: A color Doppler
approach to quantification of intraventricular blood
flow vortices. Ultrasound Med Biol 2014;40:210-21.

Faurie J, Baudet M, Assi KC, Auger D, Gilbert G,
Tournoux F, et al. Intracardiac vortex dynamics
by high-frame-rate Doppler vortography-in vivo
comparison with vector flow mapping and 4-D flow
MRI. IEEE Trans Ultrason Ferroelectr Freq Control
2017;64:424-32.

Hamill N, Yeo L, Romero R, Hassan SS, Myers SA, Mittal P,
et al. Fetal cardiac ventricular volume, cardiac output,
and ejection fraction determined with 4-dimensional
ultrasound using spatiotemporal image correlation and
virtual organ computer-aided analysis. Am J Obstet
Gynecol 2011;205:76.e1-10.

Kiani A, Shabanian R, Rekabi M, Kocharian A,
Heidari-Bateni G. Assessment of left atrial ejection
force in mildly asphyxiated newborns. Iran J Pediatr
2012;22:519-23.

Tokushima T, Utsunomiya T, Yoshida K, Kido K, Ogaw T,
Ryu T, et al. Left atrial systolic function assessed by
left atrial ejection force in patients with sick sinus
syndrome and paroxysmal atrial fibrillation. Jpn Heart

28.

29.

30.

31.

32.

33.

34.

35.

36.

Annals of Pediatric Cardiology / Volume 12/ Issue 3 / September-December 2019

Malakan Rad, et al.: Fetal atrial and ventricular ejection force

J 2000;41:723-31.

Manning W], Silverman DI, Katz SE, Douglas PS. Atrial
ejection force: A noninvasive assessment of atrial systolic
function. J Am Coll Cardiol 1993;22:221-5.

Dogan C, Omaygenc O, Hatipoglu S, Bakal RB,
Demirkiran A, Emiroglu MY, et al. Assessment of
ST-elevation myocardial infarction-related diastolic
dysfunction with compensatory rise in left atrial ejection
force. Echocardiography 2013;30:279-84.

Kishima H, Mine T, Takahashi S, Ashida K, Ishihara M,
Masuyama T. Left atrial ejection force predicts the
outcome after catheter ablation for paroxysmal atrial
fibrillation. J Cardiovasc Electrophysiol 2018;29:264-71.

Anwar AM, Soliman OI, Geleijnse ML, Michels M,
Vletter WB, Nemes A, et al. Assessment of left atrial
ejection force in hypertrophic cardiomyopathy using
real-time three-dimensional echocardiography. J Am
Soc Echocardiogr 2007;20:744-8.

Triposkiadis F, Harbas C, Sitafidis G, Skoularigis ],
Demopoulos V, Kelepeshis G. Echocardiographic
assessment of left atrial ejection force and kinetic
energy in chronic heart failure. Int J Cardiovasc Imaging
2008;24:15-22.

Baur LH. Editorial to echocardiographic assessment of
left atrial ejection force and kinetic energy in chronic
congestive heart failure. Int J Cardiovasc Imaging
2008;24:23-4.

Longo S, Bollani L, Decembrino L, Di Comite A,
Angelini M, Stronati M. Short-term and long-term
sequelae in intrauterine growth retardation (IUGR).
J Matern Fetal Neonatal Med 2013;26:222-5.

Saxena T, Patidar S, Saxena M. Assessment of left
ventricular ejection force and sympathetic skin
response in normotensive and hypertensive subjects:
A double-blind observational comparative case-control
study. Indian Heart J 2016;68:685-92.

Lopez L, Colan SD, Frommelt PC, Ensing GJ, Kendall K,
Younoszai AK, et al. Recommendations for quantification
methods during the performance of a pediatric
echocardiogram: A report from the pediatric
measurements writing group of the American Society
of Echocardiography Pediatric and Congenital Heart
Disease Council. ] Am Soc Echocardiogr 2010;23:465-95.

227



