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Abstract

Objective—To quantify fetal cardiovascular parameters with Spatio-Temporal Image Correlation
(STIC) and Virtual Organ Computed-aided AnaLysis (VOCAL™) utilizing the sub-feature:
“Contour Finder: Trace”.

Study Desigh—A cross-sectional study was designed consisting of patients with normal
pregnancies between 19 and 40 weeks of gestation. After STIC datasets were acquired, analysis
was performed offline (4DView) and the following cardiovascular parameters were evaluated:
ventricular volume in end systole and end diastole, stroke volume, cardiac output, and ejection
fraction. To account for fetal size, cardiac output was also expressed as a function of head
circumference, abdominal circumference, or femoral diaphysis length. Regression models were
fitted for each cardiovascular parameter to assess the effect of gestational age and paired
comparisons were made between the left and right ventricles.

Results—1) Two hundred and seventeen patients were retrospectively identified, of whom 184
had adequate STIC datasets (85% acceptance); 2) ventricular volume, stroke volume, cardiac
output, and adjusted cardiac output increased with gestational age; whereas, the ejection fraction
decreased as gestation advanced; 3) the right ventricle was larger than the left in both systole
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(Right: 0.50 ml, IQR: 0.2 - 0.9; vs. Left: 0.27 ml, IQR: 0.1 — 0.5; p<0.001) and diastole (Right:
1.20 ml, IQR: 0.7 — 2.2; vs. Left: 1.03 ml, IQR: 0.5 — 1.7; p<0.001); 4) there were no differences
between the left and right ventricle with respect to stroke volume, cardiac output, or adjusted
cardiac output; and 5) the left ventricular ejection fraction was greater than the right (Left: 72.2%,
IQR: 64 — 78; vs. Right: 62.4%, IQR: 56 — 69; p<0.001).

Conclusion—Fetal echocardiography, utilizing STIC and VOCAL ™ with the sub-feature:
“Contour Finder: Trace”, allows assessment of fetal cardiovascular parameters. Normal fetal
cardiovascular physiology is characterized by ventricular volumes that are larger on the right and
ejection fractions that are greater for the left ventricle resulting in similar left and right ventricular
stroke volume and cardiac output.
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Introduction

The physiology of the fetal heart in normal and pathologic states has been the subject of
intense investigation.1~20 Examining fetal cardiac output may provide insight into the fetal
response to pathologic conditions. While direct measurement in-utero is not possible,
indirect two-dimensional sonographic calculation of cardiac output has been described
utilizing differing methodologies. These include: 1) interrogation of Doppler velocities
across either the atrioventricular?4: or the semilunar valves®~’ in conjunction with the
valvular diameters; and 2) cross-sectional measurement of the left and right ventricle with
subsequent estimation of both end systolic and end diastolic ventricular volumes using either
orthogonal ventricular measurements'2:14:21 or a biplane multiple disc method, Simpson’s
rule.22

Each of these techniques has limitations. Minor measurement variation in the
atrioventricular and semilunar valves can lead to large differences in the estimated cardiac
output.1:23 Additionally, the use of two-dimensional measurements to estimate a volume
requires making assumptions about the three dimensional geometry of the fetal heart which
may not be valid and could lead to inaccuracy in the estimation of cardiac output.1i23
Furthermore, measurements of left ventricular end diastolic volume and stroke volume are
difficult to reproduce and have coefficients of variation greater than 10%.23 As a result,
clinical implementation of these methods has not occurred.!

Three- and four-dimensional ultrasonography has the potential to minimize the limitations
inherent in two-dimensional estimations of cardiac output because: 1) no geometric
assumptions are made since it is possible to assess ventricular volume directly; 2) with a
single cardiac dataset acquired with Spatio-Temporal Image Correlation (STIC), all
parameters required for calculation (ventricular volumes for left and right) are acquired in
the same volume reducing the risk inherent in measurements of the two chambers at
different times with two-dimensional ultrasound; 3) neither small outflow diameters nor
angle dependent Doppler measurements are required for calculation. We have previously
described a repeatable and reproducible approach to quantify ventricular volume
calculations utilizing STIC.24:25 The purpose of this study was to use this methodology to
quantify cardiovascular parameters including ventricular volume, stroke volume, cardiac
output, and ejection fraction in a group of normal fetuses over a range of gestational ages.
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Materials and Methods

Study population

A cross-sectional study was designed consisting of patients with normal pregnancies
between 19 and 42 weeks of gestation by searching our database of patients enrolled into
protocols that included examination of the fetal heart with three-dimensional and four-
dimensional ultrasound. Women were considered to have normal pregnancies if they were
without medical or obstetrical complication, carried a singleton pregnancy without
chromosomal or congenital anomaly, were dated by either a first or second trimester
ultrasound scan, and delivered an appropriate for gestational age neonate at term (=37
weeks) who experienced an uncomplicated neonatal course. All others were excluded. All
women provided written informed consent prior to sonographic examination. Participation
was approved by the Institutional Review Boards of Wayne State University and the Eunice
Kennedy Shriver National Institute of Child Health and Human Development.

Examination technique

Ultrasound examinations were performed using a system with STIC capability (VVoluson 730
Expert and E8, General Electric Medical systems, Kretztechnik, Zipt, Austria) utilizing a
motorized curved array transabdominal transducer (2-5 or 4-8 MHz) by six experienced
sonographers. A transverse view of the fetal chest at the level of the four chamber view was
obtained from which STIC datasets were acquired. The acquisition time was 10 seconds
with a sweep angle that was sufficient to encompass the fetal cardiac structures (25 to 35
degrees). Color Doppler ultrasonography was not utilized during the acquisition process.
Adequate cardiac datasets were accepted for postprocessing if acoustic shadowing (signal
loss in the sound path secondary to echogenic structures), dropout (signal loss in the sound
path without intervening structures), and motion artifact were absent.

Cardiac datasets were acquired to investigate the following fetal cardiovascular parameters:
ventricular volume, stroke volume (end diastolic volume — end systolic volume), cardiac
output (stroke volume x fetal heart rate), and ejection fraction (stroke volume / end diastolic
volume x 100). Fetal biometric measurements of the femoral diaphysis length (FL),
abdominal circumference (AC), head circumference (HC), and biparietal diameter (BPD)
were obtained utilizing two-dimensional sonography at the time of cardiac dataset
collection. Cardiac output was expressed as both a function of estimated fetal weight2® and
as a function of biometric components (FL, AC, HC).

Analysis was performed offline (4D View versions 5.0 — 7.0, GE Healthcare, Milwaukee,
WI1) in a standardized manner. In the “A plane” of the multi-planar display the fetal heart
was re-oriented such that the left ventricle was located on the left side of the screen with the
apex of the heart directed up. The interventricular septum was then rotated to 90 degrees in
both the “A plane” and the “C plane”. The atrioventricular valves were located by scrolling
from front to back in the “A plane”. The image was then optimized by selecting “chroma
color 1” (Sepia) and “SRI 5”. After the image brightness and contrast settings were
optimized, end systole and end diastole were identified by scrolling through each frame and
identifying the image preceding atrioventricular (AV) valve opening (systole) and following
AV valve closure (diastole). [supplemental video clip 1]

Cardiac ventricular volumes were calculated in a semi-automated fashion utilizing Virtual
Organ Computed-aided AnaLysis (VOCAL™). “VOCAL 11” was selected and the “Contour
Finder: Trace” option was utilized with 15 degrees of rotation and a *“sensitivity” of “1”
(default = 5). The image was enlarged and the reference dot repositioned into the ventricle
of interest. Because of the complex geometry of the ventricles, the location of the reference
dot within the ventricle was selected to meet the software requirement that the contour only
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cross the rotation line twice. With these selections, 12 rotational steps were made and a
volume was computed. Datasets were accepted for analysis if the ventricular septum,
ventricular walls, and AV valves were visible throughout each rotational step. [supplemental
video clip 2]

Statistical analysis

Results

Data were first assessed using numerical and graphical techniques, including scatter plots of
each response versus gestational age, to determine if they met the assumptions of the
statistical tests being used to analyze them. All but two scatter plots revealed the presence of
curvilinear relationships and heteroscedasticity; hence, natural logarithmic transformations
(from the Box-Cox family of transformations) of each response and gestational age were
performed to linearize the data and correct for heteroscedasticity.

Weighted regression analysis was performed using this transformed data for each of the
models to address heteroscedasticity. The weights were calculated as 1/(predicted value of
response x 1.253)2 as they are the best linear unbiased estimates (BLUE) of each of the true
responses.2’~30 The weights were multiplied by v{x/2) = 1.253, using a half standard normal
distribution.27-30 Since all of the responses are a function of gestational age, the residuals
should have a normal distribution at each value of gestational age and the absolute values of
the residuals should have a half normal distribution. It follows that the mean of the absolute
residuals multiplied by v(n/2) is an estimate of the standard deviation (SD) of the residuals.
If the SD is not fairly constant for each parameter, their predicted values from regressing
absolute residuals against gestational age multiplied by v(=/2) will provide age-specific
estimates of the SD of the signed residuals, and hence of the response. For each model,
studentized residuals from the weighted regression analysis were assessed for normality
using a normal probability plot. Main effects polynomial weighted regression models were
fitted to the data to capture the curvature in the data. As the two scatter plots of ejection
fraction for the left and right ventricles did not indicate curvilinear relationships or the
presence of heteroscedasticity, simple linear regression analysis was used to evaluate the
mean change in ejection fraction in each ventricle due to gestational age. Linear and/or
quadratic terms for gestational age in the model typically provided a good fit to the data as
evidenced by random patterns in the residual analyses. The quadratic term was not dropped
from the model whenever it was found to be non significant, as it provided a better fit to the
data than its corresponding simplified model with only the linear term in it. Model p-values
and corresponding adjusted R-squares were reported. The 51, 50t and 95t percentiles were
computed on the back-transformed data and weighted regression equations.

For bivariate analysis, the Shapiro-Wilk and Kolmogorov-Smirnov tests were used to test
for normal distribution. Since the data was not normally distributed, non-parametric
statistics were employed. The Wilcoxon Signed-Rank test was used to determine the
difference between paired variables and Spearman’s rank correlation coefficient (rs) was
utilized to assess correlations. A p-value of <0.05 was considered statistically significant for
all comparisons. Statistical analyses were performed with SPSS package version 14 (SPSS
Inc, Chicago IL, USA) as well as the SAS System for Windows version 9.2 (SAS Institute
Inc, Cary NC, USA).

Two hundred and seventeen patients met the inclusion criteria, of whom 184 had an
adequate dataset acquired, yielding an 85% (184/217) rate of acceptance. Because multiple
datasets were available, a random number generator was employed such that each patient
was represented by a single STIC. These 184 fetuses were evaluated at a median gestational
age of 27.7 weeks (range: 19.1 — 38.9). Each fetus was delivered at term with a median
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gestational age at delivery of 39.6 weeks (range: 37.0 — 41.9) and a median birth weight of
3217 grams (range: 2545 — 4070).

Ventricular volumes increase as gestation advances

Both left ventricular (Systole: adjusted r2 = 0.567, p<0.0001; Diastole: adjusted r2 = 0.612,
p<0.0001; Figure 1) and right ventricular (Systole: adjusted r2 = 0.654, p<0.0001; Diastole:
adjusted r2 = 0.675, p<0.0001; Figure 1) volumes (ml) increased as gestation advanced.
Pairwise comparisons of the median ventricular volumes demonstrated significantly greater
volume for the right side in both systole (Right: 0.50 ml, IQR: 0.2 - 0.9; Left: 0.27 ml, IQR:
0.1 -0.5; p<0.001) and diastole (Right: 1.20 ml, IQR: 0.7 — 2.2; Left: 1.03 ml, IQR: 0.5 -
1.7; p<0.001). Furthermore, when a ratio of right to left was constructed the right ventricle
was found to be volumetrically greater in both systole (mean Right/Left ratio: 2.0, 95% CI:
1.8 — 2.2) and diastole (mean Right/Left ratio: 1.4, 95% CI: 1.3 — 1.5), an effect which was
independent of gestational age.

Stroke volume is similar for the left and right ventricles

Left and right ventricular stroke volume (ml) increased as gestation advanced (Left: adjusted
r2 = 0.585, p<0.0001; Right: adjusted r2 = 0.561, p<0.0001; Figure 2). When compared
pairwise there was no significant difference between the left and right stroke volume (z=
—1.3, p=0.21).

Cardiac output does not differ between the left and right ventricles

Fetal cardiac output (ml/min) was determined by multiplying the stroke volume by the fetal
heart rate (median 140 bpm, range: 116 — 170) recorded during cardiac dataset acquisition.
The left and right ventricular cardiac output increased with gestational age (Left: adjusted r?
=0.561, p<0.0001; Right: adjusted r2 = 0.555, p<0.0001; Figure 3). Comparison in a paired
manner yielded no significant difference between left and right sided cardiac output (z=
—1.3, p=0.19).

Cardiac output per unit of estimated fetal weight does not change with gestational age or
differ between left and right ventricles

Fetal cardiac output (CO) was adjusted by the estimated fetal weight28 (EFW) which was
calculated using two-dimensional sonographic parameters (BPD, HC, AC, FL) obtained at
the time of cardiac dataset acquisition. Adjustment for the estimated fetal weight (CO /
EFW; CO(EFW)) demonstrated that the left and right ventricular cardiac output (ml/min/kg)
did not change as gestation advanced (Left CO(EFW): rg = 0.002, p=0.98; Right CO(EFW):
rs = 0.037, p=0.62); additionally, when comparing the left and the right sides no significant
difference was noted (z=—1.1, p=0.25; Figure 4).

Cardiac output adjusted by fetal biometric parameter increases with gestational age with
no difference between left and right ventricles

Fetal cardiac output was also adjusted for fetal size by dividing the cardiac output (ml/min)
by the abdominal circumference (AC, cm; CO(AC)), head circumference (HC, cm;
CO(HCQ)), and femoral diaphysis length (FL, cm; CO(FL)). Adjustment by the abdominal
circumference demonstrated that the left and right ventricular cardiac output increased with
gestational age (Left CO(AC): adjusted r? = 0.356, p<0.0001; Right CO(AC): adjusted r? =
0.321, p<0.0001; Figure 5a and 5b). Similarly, significant correlations were noted when
cardiac output was adjusted by the head circumference (Left CO(HC): adjusted r2 = 0.400,
p<0.0001; Right CO(HC): adjusted r? = 0.363, p<0.0001; Figure 5¢ and 5d) and by the
femoral diaphysis length (Left CO(FL): adjusted r2 = 0.351, p<0.0001; Right CO(FL):
adjusted r? = 0.313, p<0.0001; Figure 5e and 5f). Comparing the left and right sided
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adjusted cardiac outputs did not yield a significant difference for any of the comparisons
(AC: z=—1.3, p=0.20; HC: z=—-1.3, p=0.19; FL: z=— 1.3, p=0.18).

Fetal ejection fraction decreases as gestation advances and is greater for the left ventricle

Comment

Ejection fraction was also determined for the left and right ventricles. Both left and right
ventricular ejection fractions decreased significantly with advancing gestational age (Left:
adjusted r2 = 0.094, p<0.0001; Right: adjusted r2 = 0.094, p<0.0001; Figure 6). In addition,
the left ventricular ejection fraction was significantly greater than the right (Left: 72.2%,
IQR: 64 — 78; Right: 62.4%, IQR: 56 — 69; p<0.001).

Principal findings of the study

1) Ventricular volume, stroke volume, and cardiac output increase with gestational age;
whereas, the ejection fraction decreases as gestation advances; 2) right ventricular volumes
are greater than left; 3) there is no difference between the left and right ventricles for stroke
volume, cardiac output, or adjusted cardiac output; and 4) the left ventricular ejection
fraction is greater than the right.

Fetal cardiovascular parameters change as gestation advances

Right and left ventricular volumes in both systole and diastole increased with gestational
age, consistent with previous reports utilizing two-dimensional?? or three-dimensional
imaging.31-34 When fetal heart function was evaluated, by computing the parameters stroke
volume and cardiac output, the same correlation was found. These findings have been well
supported in the literature by utilizing both two-dimensional2:4:5:7:9:14:21:22:35 ang three-
dimensional31-34:36:37 yltrasonography.

Since fetal size increases dramatically as gestation advances,38 adjusting cardiac output for
fetal size may allow a better estimation of the changes that occur over time. First, an
adjustment based on the estimated fetal weight26 was chosen because of its routine use in
the obstetrical community as well as in animal studies.3%-41 When adjusting cardiac output
by the estimated fetal weight (CO / EFW), no significant change with gestational age was
observed. However, unlike animal studies where it is possible to weigh the animal,
clinicians have only estimates of fetal weight in humans which can carry significant
variation and could introduce errors in the calculations.2 In order to minimize variability
introduced into these calculations cardiac output was also expressed as a function of three
biometric parameters (HC, AC, FL), each of which has a reliability coefficient that
approaches 143 and are measured directly without mathematical treatment or modeling of
the observed results. Each adjusted cardiac output (CO(HC), CO(AC), CO(FL)) increased
with gestational age, findings similar to those obtained from chronically instrumented fetal
baboons.3?

The results on ejection fraction reported in this study are consistent with a previous report
from Wladimiroff et al14 who used M-mode. Left ventricular volumes in systole and diastole
were calculated and a decrease in fetal ejection fraction with advancing gestation was
observed. Additionally, three-dimensional31:33:34 imaging has also been utilized to calculate
the fetal ejection fraction; specifically, Esh-Broder et al utilized a free-hand technique to
compute ejection fraction and reported lower values than those described herein.31
Furthermore, Uittenbogaard et al calculated fetal ejection fraction by manually tracing the
ventricle in multiple slices and summing the volume of each slice in a method that employs
Simpson’s rule.34 The authors did not find a significant correlation with gestational age and
reported lower ejection fractions than those reported in this study. Lastly, Messing et al,
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utilizing STIC with the post-processing features “Inversion Mode” and VOCAL™,
computed ejection fractions that were comparable to those obtained in this study but did not
find a significant decrease with advancing gestational age.33 The apparent discrepancies
between these studies and the results herein may be attributed to differences in method
repeatability or smaller sample sizes. Esh-Broder et al and Uittenbogaard et al employed
techniques with a coefficient of variation of 16% and 13.7%, respectively, and the sample
size utilized by Esh-Broder et al and Messing et al was 25 and 100, respectively.31:33:34

The finding that ejection fraction decreases with advancing gestational age is plausible, and
could be a reflection of the physiologic changes that occur in the myocardium, the fetus, and
the developing placenta. Supporting evidence for this can be found in the early filling wave
(E-wave) of the mitral and tricuspid valves. The peak velocity of the E-wave increases with
gestational age indicating increased ventricular compliance and enhanced active
relaxation.** Afterload, as reflected by the umbilical artery pulsatility or resistance indices,
also decreases with advancing gestational age.*® Each of these parameters could explain the
finding of the current study that the fraction of blood ejected from either ventricle decreases
as gestational age advances.

Systolic and diastolic volumes are greater in the right ventricle

Comparable results were obtained when a ratio of right to left end diastolic ventricular
volumes in the human fetus were calculated using either two-dimensional?? or three-
dimensional33 ultrasonography; specifically, the right ventricular volume was greater with
results ranging from 1.122 to 1.4.33 When ventricular volumes in end systole were compared
the right ventricle remained greater than the left. This finding is consistent with results
reported by Uittenbogaard et al; although, the ratio reported herein of 2 was greater than that
of Uittenbogaard et al (1.12).34 Furthermore, ventricular volumes reported in this study are
consistent with those of Messing et al.33 However, since the measurement of volume does
not serve as an effective indicator of function we sought to further explore these
relationships by evaluating several fetal cardiovascular parameters.

Left and right ventricular stroke volume, cardiac output, and ejection fraction

When comparing the stroke volume and cardiac output of the left and right sides of the fetal
heart no significant differences were noted. Moreover, after the cardiac output was adjusted
for parameters of fetal size (EFW, AC, HC, FL), the non-significant difference between the
left and right ventricles held. These findings are supported by recent work from Molina et
al36 who found that the ratio of right to left stroke volume remained close to 1 across
gestation, increasing slowly from 0.97 at 12 weeks to 1.13 at 34 weeks. These results are
plausible when one considers that: 1) the pulmonary artery annulus is larger than the aortic
annulus across gestation;2 and 2) the mean and maximum flow velocity waveform (FVW) of
the ascending aorta is greater than that of the main pulmonary artery.? Taken together, a
slightly smaller aorta with a greater FVVW could produce the same stroke volume and cardiac
output as a slightly larger pulmonary artery with a lower FVW.

Fetal assessment studies utilizing two-dimensional techniques have reported greater cardiac
output for the right ventricle than the left, leading investigators to conclude that the fetal
heart is right dominant.24:7:9 This finding could relate to the potential sources of bias
inherent in the measurement technique which can include the following: 1) a change in the
fetal status during an examination requiring up to 30 minutes;? 2) inherent variation when
computing an area (A = 7 x r2) utilizing outflow diameters due to a magnification by a
power of 2;%:23 and 3) assuming that the semilunar valves are circular.* None of these
factors affect the computation of a ventricular volume or the calculation of stroke volume or
cardiac output when STIC and VOCAL™ are utilized for the following reasons: 1) a cardiac
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dataset is acquired in 12.5 seconds or less making a change in the fetal status unlikely; 2)
neither small outflow diameters nor angle dependent Doppler measurements are required,;
and 3) no geometric anatomical assumptions are made. Therefore, if the heart is
volumetrically right dominant and there is no difference between the left and right ventricle
in terms of stroke volume and cardiac output, then the only mechanism that could account
for this finding is a functional difference between the left and right ventricular ejection
fraction.

A novel finding is that the left ventricular ejection fraction was significantly greater than the
right ventricular ejection fraction. Structurally, the human brain is relatively large compared
to that of other species*®:47 and a greater proportion of the cardiac output is allocated to this
developing organ in the human.#” This mechanism, in combination with the high metabolic

demand?’ of the human fetal brain, may explain this finding.

There are several important limitations to the present work. First, there is no gold standard at
present to serve as a means of comparison for the calculation of fetal cardiovascular
parameters. Recent work from Rizzo et al suggests that the mean bias between two-
dimensional and three-dimensional estimates of stroke volume may be small; however, the
reported range is greater than 40% for both left and right ventricular stroke volume
estimates.3” Therefore, using two-dimensional ultrasonographic estimation of volume as a
standard for comparison to STIC datasets should be interpreted with caution. Second, it is
important to note that STIC produces a single, computer generated, cardiac cycle which is
an assemblage of between 20 and 30 real cardiac cycles and a smoothing or averaging of the
ventricular borders could occur, introducing error into the calculations.*® We have
previously demonstrated that using STIC and VOCAL™ is both repeatable and reproducible
for calculating fetal ventricular volumes.24:25 Furthermore, Bhat et al addressed the validity
of STIC using a balloon model with volumes ranging between 2.5 ml and 10 m1.4° The
authors concluded that STIC was acceptably accurate over this volume range. In the present
study, nearly all volume calculations in end systole and half of those in end diastole were
less than 2.5 ml; therefore, it remains unclear if STIC compilation affects volume calculation
since the absolute error of STIC has not been described in this range of volumes. Third,
adequate volume datasets are limited by fetal position, movement, or respirations, as well as
acoustic shadowing and drop out which contributed to an overall rate of rejection of 15%, a
rate similar to results reported by Uittenbogaard et al (11.6%) for experienced
sonographers.®0 Lastly, while the acquisition time of a STIC is at most 12.5 seconds, there is
a significant learning curve and time commitment required to orient and analyze the data.

In conclusion, this study demonstrates that ventricular volumes, stroke volume, and cardiac
output all increase with advancing gestational age. Furthermore, the fetal heart is
volumetrically right dominant; however, there is not a significant difference between the left
and right sides with respect to stroke volume or cardiac output. Finally, the ejection fraction
decreases with advancing gestation, with the left ventricle ejecting significantly more blood
than the right. These findings enhance our knowledge of normal fetal physiology and may
allow an assessment of cardiovascular function, utilizing familiar variables, in pathologic
conditions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Volume measurements taken in end systole and end diastole for the left and right ventricles
increased significantly with advancing gestational age (A: left ventricle in end systole, B:
left ventricle in end diastole, C: right ventricle in end systole, D: right ventricle in end
diastole). The regression line with the 5% and 95% confidence intervals is plotted with the
regression equation, adjusted r2, and p value for each. Additionally, the median ventricular
volumes were significantly greater for the right side in both systole (Right: 0.50 ml, IQR:
0.2-0.9; Left: 0.27 ml, IQR: 0.1 - 0.5; p<0.001) and diastole (Right: 1.20 ml, IQR: 0.7 -
2.2; Left: 1.03 ml, IQR: 0.5 — 1.7; p<0.001).
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Figure 2.

Stroke volume (SV; end diastolic volume — end systolic volume) obtained for left (A) and
right (B) ventricles increased significantly as gestation advanced; however, there was not a
significant difference between the two ventricles. The regression line with the 5% and 95%
CI’s is plotted with the regression equation, adjusted r2, and p value for each.
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Figure 3.

Cardiac output (CO; stroke volume x fetal heart rate) obtained for left (A) and right (B)
ventricles increased with advancing gestational age; however, there was no significant
difference found between the two ventricles. The regression line with the 5% and 95% CI’s
is plotted with the regression equation, adjusted r2, and p value for each.
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Figure 4.

Cardiac output (CO; stroke volume x fetal heart rate) obtained for left and right ventricles
adjusted by the estimated fetal weight (EFF; CO / EFW) was not correlated with gestational
age and there was no significant difference in the median cardiac output between the two
ventricles (LV CO(EFW): 90.0 ml/min/kg, IQR: 56.0 — 179.8 vs. RV CO(EFW): 99.9 ml/
min/kg, IQR: 72.2 — 179.2; p=ns).
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Figure 5.

Cardiac output (CO; stroke volume x fetal heart rate) obtained for left (A, C, E) and right (B,
D, F) ventricles, adjusted by fetal biometric measurement, increased significantly with
advancing gestational age. There was no significant difference when left and right were
compared. The regression line with the 5% and 95% CI’s is plotted with the regression
equation, adjusted r2, and p value for each.
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Figure 6.

Ejection fraction (stroke volume / end diastolic volume x 100) for the left (A) and right (B)
ventricles decreased with increasing gestational age. The regression line with the 5% and
95% CI’s is plotted with the regression equation, adjusted r2, and p value for each.
Additionally, the left side was significantly greater than the right (Left: 72.2%, IQR: 64 —

78; Right: 62.4%, 1QR: 56 — 69; p<0.001).
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