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Background: Tetralogy of Fallot (TOF) is one of the most common cyanotic congenital
heart defects (CHDs). The patterns of fetal myocardial deformations in TOF have not
been well-studied. This study aimed to assess biventricular myocardial deformations in
fetuses with TOF compared with normal fetuses.

Methods: A retrospective cohort study of fetuses with TOF and gestational age
(GA)-matched controls was conducted at a single tertiary referral center from 2014
to 2020. All enrolled fetuses underwent detailed echocardiography, and four-chamber
video-clips were recorded and analyzed offline for deformation assessment by using
two-dimensional speckle tracking echocardiography (2D-STE). Comparisons for baseline
characteristics, cardiac morphological measurements (ventricular, atrial, and great arterial
diameters or ratios, global sphericity index), systolic function parameters [ejection fraction
(EF), fractional area change (FAC)], and strain parameters [global longitudinal strain (GLS),
global longitudinal strain rate in systole and diastole (GLSRs, GLSRd)] were performed
between fetuses with TOF and GA-matched controls.

Results: Fifty-two fetuses with TOF and 52 GA-matched controls were enrolled in
this study. Fetuses with TOF exhibited similar left ventricular (LV) EF (58.51 4+ 5.11%
vs. 57.59 4+ 5.38%, P = 0.16) and right ventricular (RV) FAC (43.64 + 2.89% vs.
44.27 + 3.04%, P = 0.25), compared to normal fetuses. While, in deformational analysis,
TOF fetuses demonstrated significantly lower LV and RV GLS values (—22.57 + 2.91%
vs. —27.39 £+ 4.38%, P < 0.001 for LV GLS; —24.27 + 3.18% vs. —28.71 + 4.48%,
P < 0.001 for RV GLS). Both LV GLS (r = —0.518, P < 0.001) and RV GLS (r = —0.534,
P < 0.001) were found negatively correlated with the aortic valve-to-pulmonary valve
diameter ratio (AV:PV ratio). Z-scores of PV annulus and main pulmonary artery (MPA)
also had positive correlation with LV and RV GLS, respectively.

Conclusions: Decreased biventricular myocardial deformations can appear even in
fetuses with TOF with normal systolic ventricular function. Both LV and RV GLS values are
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correlated with the severity of right ventricular outflow tract obstruction. It indicates
2D-STE may be a more sensitive tool to assess fetal cardiac function than the
conventional echocardiographic methods.

Keywords: fetal echocardiography, tetralogy of Fallot, myocardial deformation, two-dimensional speckle-tracking

echocardiography, strain

INTRODUCTION

Tetralogy of Fallot (TOF), one of the most common cyanotic
congenital heart defects (CHDs), accounts for 12-14% of all
CHDs and 0.3% of total live births (1). Due to advances in
surgical techniques and perioperative management, an increasing
number of children with TOF have survived into adulthood in
recent decades (2). According to previous studies, the 30- to 40-
year survival rates for patients with TOF were 85-90%, and the
prognosis was associated with myocardial performance (3, 4).

Fetal TOF is characterized by a series of pathological
manifestations, including subaortic ventricular septal defect,
aortic-root overriding, and infundibular pulmonary stenosis.
However, in contrast to adults, right ventricular hypertrophy is
not present in fetuses with TOF (5). With parallel circulation,
fetal hemodynamics are distinct from their postnatal occurrences
(6). Several studies indicated the fetal ventricle is sensitive to
cardiac load changes (7, 8). Obstruction to cardiac outflow
in fetuses with TOF might ultimately lead to myocardial
impairment in utero and may also influence the postnatal
outcome and interventional timing.

Studies on myocardial functions in fetal TOF are seldomly
seen. Most studies focus on traditional echocardiographic
parameters, such as ejection fraction (EF) or fractional area
change (FAC). As we know, these measurements may be
affected by several factors, such as cardiac size, fetal position,
acoustic window, ventricular geometry, etc. However, recent
studies have shown that myocardial deformations derived from
two-dimensional, speckle-tracking echocardiography (2D-STE)
seem to be a more sensitive marker of ventricular dysfunction
(9, 10). 2D-STE, a new type of non-invasive, quantitative
measurement for evaluating myocardial function, can obtain
information directly from 2D video-clips. It is independent
of the insonation angle and ventricular geometries; even the
irregular right ventricle can be analyzed successfully (11-13).
2D-STE provides new insights into human fetal circulation,
especially the evolution of myocardial function in various
disease states (14-16).

We  hypothesized that fetuses with TOF may
present impaired myocardial function, and ventricular
myocardial ~ deformations assessed by 2D-STE  will
be more sensitive than traditional echocardiographic
parameters in evaluating the cardiac function of fetuses
with TOF. Hence, the purposes of our study were to
compare biventricular myocardial deformation of fetuses
with TOF vs. normal controls, and to explore the
correlations between ventricular strains and conventional
echocardiographic measurements.

METHODS
Study Population

This was a retrospective cohort study performed at our tertiary
referral center. Singleton pregnancies with fetal TOF, between 20
and 31 gestational weeks, occurring between January 2014 and
December 2020, were enrolled as the TOF group. The prenatal
diagnosis of TOF was based on the following observations: a
ventricular septal defect, obstruction to right ventricular outflow,
and an overriding aorta (an overriding rate <50%). Gestational
age (GA)-matched, healthy singletons were selected as the
control group. Exclusion criteria for the TOF group included
those with additional complex cardiac defects, incomplete clinic
information, poor image quality, or loss to follow-up. Fetuses
with suspected growth restriction, persistent non-sinus rhythm,
maternal disease, or extracardiac anomalies that may alter fetal
cardiac function were excluded from both groups. Prenatal
diagnosis of TOF was confirmed by postnatal echocardiography
or postmortem autopsy. And fetuses in the control group
proved to have normal heart according to echocardiography
after birth. This study was approved by the Ethics Committee
of Tongji Medical College of Huazhong University of Science
and Technology.

Data Collected

Maternal and fetal demographic data were collected. Data
including maternal age, body mass index (BMI), pregnancy
history, last menstrual period (LMP), gestational age (calculated
by ultrasound), fetal weight at screening, additional cardiac
defects, extracardiac deformations, chromosomal anomalies, the
fetal outcome were recorded.

All the fetuses underwent a second- or third-trimester
fetal echocardiography examination. Prenatal echocardiograms
were obtained on a GE Voluson E10 (GE Healthcare, Zipf,
Austria) ultrasound machine. Doppler and echocardiographic
evaluations were performed using a C2-9 (3-9 MHz) or an
RM6C (1-7 MHz) transducer. The structural ultrasound of all
the cases enrolled included a detailed extracardiac and cardiac
examination, following the International Society of Ultrasound
in Obstetrics and Gynecology (ISUOG) practice guidelines (17).
Conventional 2D and Doppler echocardiographic parameters
were obtained.

Conventional cardiac morphometry and hemodynamics
included measurements of the global sphericity index (GSI),
atrial and ventricular diameters, inner diameters of AV annulus,
PV annulus, ascending aorta (AAo), main pulmonary artery
(MPA), left and right pulmonary arteries (LPA, RPA), ductus
arteriosus (DA) and foramen ovale (FO), peak velocities of PV
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the left ventricle is —29.34%, and the right ventricle is —29.51%.

FIGURE 1 | An example of left (A) and right (B) ventricular deformation by speckle-tracking analysis in one fetus at 26-week gestation. In this case, the peak strain of

and AV, and heart rate (HR). Great arteries were measured in
systole at their maximum diameters; valve annular diameters
were measured at their maximal size (18). Ventricular and great
arterial diameters were converted to z-scores based on gestational
age by LMP, according to published reports (19).

Meanwhile, optimized four-chamber cardiac video-clips
were acquired for further analysis. The four-chamber view
(4CV) images were imported into offline, speckle-tracking
analysis software (Cardiac Performance Analysis, TomTec
Imaging System, Unterschleissheim, Germany). In the absence
of an electrocardiogram, M-mode tracings through the mitral
valve were used to define end-systole and end-diastole. Two
consecutive end-diastolic frames were selected to analyze
a single cardiac cycle. For the ventricular deformation
analysis, endomyocardial borders of the ventricle in 4CV
were automatically detected with manual adjustment when
necessary. Figure 1 depicts examples of left ventricular (LV)
and right ventricular (RV) strain curves for fetuses with TOF.
The software can calculate the global longitudinal strain
(GLS), the global longitudinal strain rate in systole/diastole
(GLSRs/GLSRd), EF, and FAC automatically. Strain is reported

as a negative number, with lower absolute values indicating
worse strain.

Intra-observer variabilities for the determination of LV and
RV GLS were assessed in 10 randomly chosen subjects (five
for the TOF group and five for the control group) by a single
investigator (XY Song), in the same cardiac cycle, at separate
times several weeks apart. Inter-observer measurements in the 10
randomly chosen subjects (five for the TOF group and five for
the control group) were performed by two reviewers (XY Song
and HY Cao) on two separate occasions, each blinded to the
other’s assessment.

Statistical Analysis

For statistical data analysis, SPSS 26.0 (IBM) statistical software
was used. Descriptive statistics were summarized as frequencies
with percentages for categorical values, and medians with
interquartile ranges or means =+ standard deviation (SD) for
continuous variables, depending on the data distribution.
Comparison of variables with normal distributions was tested
using two-sample t-tests. The Wilcoxon rank-sum test was
used for non-parametric variables. The correlation between
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FIGURE 2 | A flow chart showing fetuses with tetralogy of Fallot (TOF) according to the inclusion and exclusion criteria.

» 1 with additional severe extracardiac deformation
+ 3 without complete information

* 4 with poor-quality or unavailable images

echocardiographic measures and myocardial parameters
was tested using a Pearson’s correlation coefficient or a
Spearman’s rank correlation coefficient. Intra- and interobserver
reproducibility was tested wusing intra-class correlation
coeflicients (ICCs) and Bland-Altman methods. A two-sided P
< 0.05 was considered statistically significant.

RESULTS

Baseline Characteristics

The initial study included 60 fetuses with TOF over the
specified time frame. Of these, one with an additional, severe
extracardiac deformation, three with incomplete information,
and four with poor-quality or unavailable images were excluded.
Thus, we analyzed 52 fetuses with TOF. Fifty-two GA-matched
normal fetuses met the inclusion criteria for this study. Fetal
and postnatal outcomes are outlined in Figure 2. There was
a termination of pregnancy in 31 (59.6%) fetuses with TOF.
Due to the consideration of poor prognosis or poor economic
conditions to hardly afford treatment costs, these families made
such decisions. Twenty-one (40.4%) fetuses with TOF had a
birth with confirmed diagnosis by postnatal echocardiography.
There were 18 (18/21, 85.7%) affected infants who underwent
operations at the age of 3-12 months, and the remaining three
(3/21, 14.3%) live born infants died before the operation could
be performed. General maternal and fetal characteristics are
summarized in Table 1. No statistically significant differences
were observed in maternal ages or BMIs between the TOF and
control groups (P > 0.05). Estimated fetal weight (EFW) and GA
at ultrasound were also similar between the groups (P > 0.05).
Increased nuchal translucency (NT > 2.5mm) was present in
3.8% (2/52) fetuses with TOF and only one case (1.9%) in control
fetuses. Minor cardiac abnormalities were identified in 40.4%

(21/52) of fetuses with TOF: seven with right aortic arch, one
with persistent left superior vena cava, five with tortuous arterial
duct, and eight with dilated foramen ovale. In the fetuses with
TOF, 11.5% (6/52) also had extracardiac anomalies, including
three cases with cerebral ventriculomegaly, one case with mild
pyelectasis, and two cases with diaphragmatic hernia. Control
fetuses demonstrated no intra- or extracardiac anomalies and
proved to have structurally normal hearts after birth.

The Myocardial Deformation of LV

Compared with control subjects, LV GLS was significantly lower
in fetuses with TOF (—22.57 = 2.91% vs. —27.39 + 4.38%, P <
0.001) (Table 2). This relationship held across all gestational ages
as shown in Figure 3A. The strain rates in systole and diastole
were also significantly decreased in fetuses with TOF compared
to controls (—2.06 £ 0.64 vs. —2.68 £ 0.71 s~!, P < 0.001 for
GLSRs; 1.90 £ 0.93 vs. 2.86 & 1.22 571, P < 0.001 for GLSRA).

The Myocardial Deformation of RV

RV GLS was significantly decreased in fetuses with TOF
compared to controls (—24.27 % 3.18% vs. —28.71 + 4.48%,
P < 0.001), as shown in Table 2. The difference existed at all
gestational ages (Figure 3B). The strain rates of the RV in systole
and diastole were also lower in the TOF group (—2.20 £ 0.56 vs.
—3.06 & 0.97 s71, P < 0.001 for GLSRs; 2.43 + 0.83 vs. 2.94 =+
1.05s~1, P = 0.006 for GLSRd).

Conventional Echocardiographic

Measurements

Conventional echocardiographic results of fetuses with TOF and
controls are displayed in Table 3. Fetuses with TOF revealed
similar z-scores of LV and RV end-diastolic diameters (LVEDD,
RVEDD), RVEDD: LVEDD ratios, and right atrial (RA): left atrial
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TABLE 1 | Baseline characteristics of the fetuses with TOF and normal controls.

Characteristic Control group TOF group P-value
(N =52) (N=52)
Maternal characteristics
Maternal age (years) 30 (27, 32.8) 29 (27, 32.0) 0.86
BMI (kg/m?) 23.9 £ 3.0 237+ 34 0.73
Gravidity, n (%)
1 20 (38.5) 12 (23.1)
2 17 (32.7) 18 (34.6)
3 5(9.6) 14 (26.9)
>4 10 (19.2) 8 (15.4)
Parity, n (%)
0 31 (59.6) 25 (4.1)
1 21 (40.4) 24 (46.2)
2 0(0) 3(5.8)
Fetal characteristics
GA at US (weeks) 24.4 (23.2,26.0) 24.4 (23.2, 26.5) 0.84

Estimated fetal weight (g) ~ 644.5 (596.5, 859.3) 653.0 (578.5, 925.8)  0.70
Additional minor cardiac

anomalies, n (%)

Right aortic arch 0(0) 7 (18.5)
Persistent left superior 0 (0) 1(1.9
vena cava
Dilated foramen ovale 0 (0) 8(15.4)
Tortuous arterial duct 0 (0) 5(9.6)
Extracardiac anomalies,
n (%)
Cerebral ventriculomegaly 0 (0) 3(5.8)
Mild pyelectasis 0(0) 1(1.9
Diaphragmatic hernia 0 (0) 2(3.8)
Nuchal translucency 1(1.9 2(3.8)
(>2.5mm), n (%)
TOPR, n (%) 0(0) 31 (59.6)

Data are presented as n (%), mean + SD, or median (IQR). BMI, body mass index; GA,
gestational age; TOR, termination of pregnancy; US, ultrasound.

(LA) transverse diameter ratios, compared to normal controls.
However, decreased GSI was observed in the TOF group (1.17 &
0.04 vs. 1.20 £ 0.05, P < 0.001), which indicates more globular-
shaped 4CV. Meanwhile, consistent with pathological features,
fetuses with TOF manifested enlargement of the diameters of AV
annulus and AAo, reduction of the diameters of PV annulus,
MPA, LPA, RPA, and DA, and acceleration of pulmonary peak
systolic velocity (P < 0.001). However, no significant differences
were observed between fetuses with TOF and controls regarding
traditional ventricular systolic function (58.51 £ 5.11% vs. 57.59
=+ 5.38%, P = 0.16 for LVEF; 43.64 &+ 2.89% vs. 44.27 &£ 3.04%, P
= 0.25 for RVFAQ).

The correlations between conventional parameters and
ventricular deformations in fetuses with TOF were tested
(Figure 4). There was a modest correlation between AV:PV ratios
and LV GLS (r = —0.518, P < 0.001) and RV GLS (r = —0.534, P
< 0.001). The PV z-score had positive correlation with LV GLS
(r = 0.515, P < 0.001) and RV GLS (r = 0.417, P = 0.002).

TABLE 2 | Myocardial strain by two-dimensional speckle tracking of the left and
right ventricles in fetuses with TOF and controls.

Parameters Control group TOF group P-value
(N =52) (N =52)

Left ventricle

GLS (%) —27.39 + 4.38 —22.57 £ 2.91 <0.001

GLSRs (s71) —2.68 + 0.71 —2.06 +0.64 <0.001

GLSRd (s7) 2.86 + 1.22 1.90 + 0.93 <0.001

Right ventricle

GLS (%) —28.71 £ 4.48 —24.27 +£3.18 <0.001

GLSRs (s7) —3.06 £ 0.97 —2.20 +£0.56 <0.001

GLSRd (s7") 2.94 +1.05 2.43+0.83 0.006

Data are presented as mean + SD. GLS, global longitudinal strain; GLSRs, global
longitudinal strain rate in systole; GLSRd, global longitudinal strain rate in diastole.

The MPA z-score also had positive correlation with LV GLS (r
—=0.442, P = 0.001) and RV GLS (r = 0.344, P = 0.013). GA, AV
z-score, and AAo z-score showed no correlation with LV or RV
GLS values (P > 0.05).

Reproducibility of 2D-STE

The measurements obtained by 2D-STE all showed excellent
reproducibility. The ICCs and Bland-Altman analyses for the
intra- and inter-observer reproducibility of the strain parameters
are described in Supplementary Table 1.

DISCUSSION

This study examined a cohort of fetuses with TOF to
explore potentially novel and useful information for counseling
families. To our knowledge, this is the first study evaluating
ventricular performance metrics in fetal TOF using 2D-STE.
This study demonstrates that fetuses with TOF showed preserved
LVEF and RVFAC but impaired myocardial strains of both
ventricles. The more severe obstruction of the right ventricular
outflow tract is, the lower GLS values of both ventricles
will be.

Previous studies have demonstrated that Doppler parameters
change in obvious ways in fetuses with classic TOF. However,
the ventricular function measurements, such as Tei index and
fractional shortening (FS), are still in normal ranges (17).
Similarly, in our study, it was also observed that LVEF and
RVFAC were preserved in fetuses with TOF. However, the
reduced global strains observed in this study may suggest
impaired myocardial function still exists in fetuses with TOF.

Findings of decreased LV strain in fetal TOF may be due to
altered ventricular mechanics in the context of hypertensive RV,
abnormal coronary perfusion, and/or intrinsic abnormality of the
myocardium. Although many studies have focused on the right
ventricular physiology in patients with TOF (20, 21), a study
by Wiputra et al. investigated the intracardiac fluid mechanics
of fetal TOF in both ventricles (22). They found that LV and
RV had similar pressures, but RV presented elevated wall shear
stresses (WSS), while LV did not (22). In our study, however,
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FIGURE 3 | Left ventricular (LV) and right ventricular (RV) global longitudinal strain (GLS) in fetuses with tetralogy of Fallot (TOF) and the control group shown across
gestational age. (A) LV GLS is decreased in fetuses with TOF across all gestational ages compared to controls. (B) RV GLS is decreased in fetuses with TOF across all
gestational ages compared to controls. P-values represent the difference between fetuses with TOF vs. control fetuses using a two-sample ¢-test.

TABLE 3 | Fetal echocardiographic results in fetuses with TOF and controls.

Variable Control group P-value

(N =52)

TOF group
(N =52)

LVEDD z-score
RVEDD z-score

0.33 (-0.01, 0.54)
0.16 (~0.31, 0.52)

0.13(~0.45,0.46)  0.05
—0.05(-051,052)  0.28

RVEDD: LVEDD ratio 1.02 (1.00, 1.06) 1.04 (0.97, 1.09) 0.49
RA: LA transverse 1.183 £0.07 112 £0.12 0.64
diameter ratio

AV annulus z-score 0.09 (—0.26, 0.52) 1.14 (0.52, 1.76) <0.001
PV annulus z-score 0.04 (-0.36,0.50) —2.08 (—3.04, —0.97) <0.001
AV: PV diameter ratio 0.84 (0.80, 0.88) 1.45 (1.25, 1.64) <0.001
AAO z-score 0.10 (-0.32, 0.37) 1.04 (0.42,1.72) <0.001
MPA z-score 0.53(0.11,0.87) —2.09 (—3.04, —0.97) <0.001
LPA z-score 0.04 (-0.23,0.39) —1.01(—1.66, —0.28) <0.001
RPA z-score —0.05(-0.49, 0.22) —1.22(—1.92, —0.69) <0.001
FO diameter (mm) 0.44 (0.40, 0.49) 0.46 (0.40, 0.56) 0.08
AV PSV (cm/s) 95.4 £9.5 94.4 £14.9 0.66
PV PSV (cm/s) 70.6 +£10.9 1245+ 36.4 <0.001
LVEF (%) 57.59 + 5.38 58.51 £ 5.11 0.16
RVFAC (%) 44.27 + 3.04 43.64 +2.89 0.25
GSl 1.20 £0.05 1.17 £0.04 <0.001
HR (opm) 1471+ 6.0 146.8 + 7.6 0.84

Data are presented as mean + SD or median (IQR). LV, left ventricle; RV, right ventricle;
EDD, end-diastolic diameter; LA, left atrium; RA, right atrium; AV, aortic valve; PV,
pulmonary valve; AAo, ascending aorta; MPA, main pulmonary artery; LPA, left pulmonary
artery; RPA, right pulmonary artery; FO, foramen ovale; PSV, peak velocity in systole; EF,
ejection fraction; FAC, fractional area change; GSI, global sphericity index; HR, heart rate.

LV also demonstrated altered global myocardial deformations.
Our finding is consistent with recent studies on TOF, which
indicated that RV cannot be seen in isolation in response to

long-term overload (23, 24). In the TOF group, most of the
ventricular septal defects (VSDs) are non-restrictive, with a large
portion of flow across tricuspid valve shunting to LV. Hence,
the pressure of LV and RV is almost equal and affected similarly
(22). The LV volume loading will be elevated as a result of an
increased right-to-left shunt across the VSD and FO. Therefore,
we supposed that subclinical LV myocardial dysfunction has
already occurred in utero, and manifests as reduced ventricular
strain. Our work suggests that the myocardial strain might be
a more sensitive indicator than the traditional parameters for
assessing fetal cardiac function.

Decreased RV GLS in fetuses with TOF was an expected
finding from this study, given the change in RV hemodynamics
associated with obstruction of the right ventricular outflow
tract, and its consequences on RV development. Such results
may be due to adequate adaptation to long-term cardiac load,
causing cardiac remodeling, which may change the macro- and
microstructure in the developing myocardium (20). In fetal TOF,
the chronic pressure overload caused by pulmonary stenosis
and increased WSS may modulate myocardial contractility and
impact cardiac geometry (21). As presented in this study,
decreased GSI in fetal TOF was noted, indicating a more
spherical-shaped heart had developed. This shape may allow the
heart to maintain a normal stroke volume, and a more globular
shape may also reduce the wall stress to help the heart tolerate the
pressure overload.

Many  prior studies have investigated  prenatal
echocardiographic markers to predict postnatal surgery timing
in fetuses with TOF (25-27). These indicators include reversal
of DA flow, PV z-score, and the PV: AV ratio. However, in our
study, 18 infants underwent primary repair, while the other three
cases had died before intervention. Due to the retrospective
nature and the limited sample size of this current study, it is
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valve; MPA, main pulmonary artery.

FIGURE 4 | ( = —0.534, P < 0.001). (C) The PV z-score had positive correlation with LV GLS (- = 0.515, P < 0.001). (D) The PV z-score had a positive correlation
with RV GLS (r = 0.417, P = 0.002). (E) The MPA z-score had positive correlation with LV GLS (- = 0.442, P = 0.001). (F) The MPA z-score also had positive
correlation with RV GLS (r = 0.344, P = 0.013). All the GLS values were presented as absolute values. GLS, global longitudinal strain; AV, aortic valve; PV, pulmonary

hard to explore the value of conventional or novel indicators in
predicting the optimal age of intervention or appropriate surgery
approaches. But we hope to conduct a multicentered, prospective
cohort study to further explore this in the future.

Limitations

This is the first quantitative study of ventricular function
in fetal TOF using a combination of conventional data and
detailed speckle-tracking analysis. However, we recognize there
are some limitations to this study. Firstly, this is a single-
centered retrospective study. Some cases were excluded due
to incomplete information, poor-quality/unavailable images,
or extracardiac anomaly, and the selection bias may occur.
Secondly, as described above, the high percentage of termination
of pregnancy and a limited number of subjects who underwent
postnatal surgery make it difficult for us to acquire the
true outcome of affected fetuses. Finally, most cases (46/52,
88.5%) in our study were in the second trimester. Hence, the
fetuses in early or late pregnancy have not been completely
studied. In the future, a large, multicentered, and prospective
cohort with a longer postnatal follow-up is needed for
further investigation.

CONCLUSION

In conclusion, to our knowledge, this report is the largest
description of myocardial deformations in fetuses with
TOF. Our findings suggest that impaired myocardial
ventricular function has already occurred in fetuses with
TOF, before conventional cardiac function indicators (like
EF and FAC) change. Additionally, strains are correlated
with the severity of obstruction to the right ventricular
outflow tract. It indicates 2D-STE may be a more sensitive
tool to assess fetal cardiac function than the conventional
echocardiographic methods.
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