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ORIGINAL RESEARCH

Impaired Elastic Properties of the 
Ascending Aorta in Fetuses With 
Coarctation of the Aorta
Ran Xu , MD; Dan Zhou, BD; Yushan Liu, BD; Longmei Yao , BD; Li Xie, BD; Minghui Liu, MD;  
Qichang Zhou, MD; Shi Zeng , MD

BACKGROUND: Abnormal aortic elastic properties are major notable vasculopathy involved in coarctation of the aorta (CoA). 
However, there are no reports on aortic wall elastic characteristics in fetuses with CoA.

METHODS AND RESULTS: Fifty- six fetuses with CoA and 56 normal controls were included in this prospective case– control 
study. The dimensions of the cardiac chamber, the size of the aorta, left ventricular myocardial performance indexes, and 
aortic elastic properties, including the global circumferential strain, fractional area change and mean longitudinal strain, were 
measured serially in utero. The global circumferential strain, fractional area change, and mean longitudinal strain in fetuses 
with CoA were smaller than those in the normal group at both the first and last examinations (18.50% versus 37.73% for global 
circumferential strain, 38.90% versus 57.55% for fractional area change, 6.61% versus 11.81% for mean longitudinal strain 
at first scan, 16.62% versus 42.05% for global circumferential strain, 36.54% versus 59.7% for fractional area change, 6.2% 
versus 11.46% for mean longitudinal strain at last scan, all P<0.001). There were negative correlations between aortic elastic 
properties and left ventricular myocardial performance indexes in fetuses with CoA (P<0.01). Aortic elastic properties were 
correlated positively with aortic isthmus size in fetuses with CoA (P<0.01).

CONCLUSIONS: Aortic strain and the fractional area change were decreased in fetuses with CoA. Impairments of these aortic 
elastic properties were associated with diminished heart function and aortic isthmus size in utero. Further large- scale longi-
tudinal studies are required to confirm the potential predictive value of cardiovascular morbidity (ie, hypertension) in fetuses 
with CoA.
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Coarctation of the aorta (CoA) is the fifth most 
common congenital heart defect and accounts 
for ≈7% of all congenital heart defects.1,2 While 

CoA was originally described as a discrete narrow-
ing in the aortic isthmus, it is considered a general 
aortopathy involving various segments of the arch. 
Abnormal elastic properties seem to constitute a 
major notable aortopathy.2- 4 The importance of im-
paired vascular properties relies on the fact that pa-
tients with CoA have a lifelong risk of cardiovascular 
morbidity,5 such as hypertension, coronary heart 

disease, heart failure, and sudden death, even in the  
setting of successful repair. Vogt et al6 observed 
 reduced aortic distensibility and a higher aortic stiff-
ness index in neonates with CoA preoperatively. 
Biopsy in neonates with CoA also showed wide-
spread elastic fiber fragmentation in the paracoarc-
tation aortic wall.7 These limited data suggested that 
aortic elastic properties may be impaired in the early 
stages of life. However, it is not clear whether impair-
ments of vascular properties occur primarily during 
the earliest development period, such as in utero.
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Velocity vector imaging (VVI), a 2- dimensional 
speckle- tracking technique, was originally proposed 
as a quantitative tool for assessing cardiac deforma-
tion based on the combination of natural ultrasound 
speckle reflector tracking with complex geometric 
analysis.8 VVI has been used to assess fetal cardiac 
deformation in various conditions by our team, includ-
ing fetal CoA,9 fetal lower urinary tract obstruction,10 
and fetal cardiac aneurysms/diverticula.11 Kim et al first 
applied this technique to the measurement of aortic 
mechanics, such as area change and aortic wall strain, 
and showed a strong correlation with pulse wave ve-
locities, which were the recommended gold standard 
measurement of arterial stiffness.12 Recently, VVI has 
been described as a feasible tool for evaluating aortic 
elastic function in patients with Turner syndrome13 and 
aortic valve diseases.14 However, there are no reports 
on fetal aortic wall elastic characteristics by VVI.

The aims of this study were to evaluate the elastic 
properties of the ascending aorta and longitudinally ob-
serve the progress of aortic wall mechanics in fetuses 
with CoA. The primary outcome of the study was to 
identify differences in aortic elastic properties between 

fetuses with CoA and normal fetuses. A total of 102 
patients (1:1 allocation ratio) were required based on 
the sample size calculated by setting the effect size f at 
0.5, α at 0.05, and power at 0.80.

METHODS
A longitudinal observational study was performed 
at The Second Xiangya Hospital of Central South 
University in China from February 2013 to January 
2020. The case group consisted of pregnant moth-
ers referred for fetal echocardiography attributable to 
great artery or ventricular disproportion. The inclusion 
criteria were fetuses with an aortic isthmus z- score 
based on gestational age (GA) <−2 in either the sagit-
tal or 3- vessel trachea view accompanying abnormal 
flow at the aortic isthmus and confirmed by pediatric 
cardiologists as CoA by postnatal clinical and imaging 
data. The exclusion criteria were fetuses with hypo-
plastic left heart syndrome, mitral or tricuspid malfor-
mation, abnormal atrioventricular or ventricular- arterial 
connection, medium or large (>2 mm) ventricular sep-
tal defect, and anomalous pulmonary venous return. 
The GA- matched control normal group comprised 
fetuses of low- risk pregnant women. Furthermore, we 
excluded fetuses whose mothers had multiple gesta-
tion; those who had a GA <18 weeks; those who were 
small for their gestational age; those with extracardiac 
or chromosomal defects; those with persistent fetal 
arrhythmia; or those whose mothers had maternal 
complications, including preeclampsia, gestational 
diabetes, and thyroid disease. Each fetus was serially 
scanned at 4- week intervals. For the purpose of this 
study, only information from the first and last exami-
nations was included. Written informed consent was 
obtained from all the families. This study was approved 
by the institutional review board at The Second Xiangya 
Hospital of Central South University. The data that 
support the findings of this study are available from the 
corresponding author upon reasonable request.

Routine obstetrical ultrasound and heart exam-
inations were performed using an Acuson Sequoia 
512 system (Siemens Medical, WA) with a 6C2 trans-
ducer. Fetal biometry, including the biparietal diam-
eter, head circumference, abdominal circumference, 
and femoral length, was measured and used to cal-
culate the estimated fetal weight. A standard fetal 
echocardiogram was performed by an expert (QC.Z.). 
The dimensions of cardiac chambers and valves were 
measured at their maximal size following the inner- to- 
inner edge model15 and were converted automatically 
to z- scores based on GA. The mitral valve, tricuspid 
valve, left ventricle (LV), and right ventricle (RV) were 
obtained in the 4- chamber view in diastole. The aor-
tic valve (AV), ascending aorta (AA), and descending 

CLINICAL PERSPECTIVE

What Is New?
• Aortic strain and the fractional area change 

were decreased in fetuses with coarctation of 
the aorta.

• Impairments of these aortic elastic properties 
were associated with diminished heart function 
and aortic isthmus size in utero.

What Are the Clinical Implications?
• Impaired elastic properties have potential pre-

dictive value of cardiovascular morbidity (ie, 
hypertension) in fetuses with coarctation of the 
aorta.

Nonstandard Abbreviations and Acronyms

AA ascending aorta
AV aortic valve
CoA coarctation of the aorta
FAC fractional area change
GA gestational age
GCS global circumferential strain
MLS mean longitudinal strain
MPI- LV left ventricular myocardial 

performance indexes
VVI velocity vector imaging
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Figure 1. Obtainment of the global circumferential strain and fractional area change 
by the velocity vector imaging technique.
A, Tracing along ascending aorta border in a still frame of the ascending aorta with optimal blood- 
intima border visualization in short- axis view. B, The velocity vector image of traced ascending 
aorta. C, Circumferential strain during cardiac cycle were automatically calculated and displayed in a 
segment model with different colors. The global circumferential strain (indexed by white arrow) was 
calculated as the average of all segmental circumferential strains and thus represented ascending 
aorta wall circumferential deformations. D, The cross- sectional area curve of the aortic lumen during 
the heart cycle is displayed. The fractional area change was calculated automatically as the percent 
change in the cross- sectional area: fractional area change (%)=(largest cross- sectional area - smallest 
cross- sectional area)/(largest cross- sectional area)×100. GCS indicates global circumferential strain.
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aorta were obtained in longitudinal view in systole. 
The aortic isthmus size was measured in both sag-
ittal and 3- vessel trachea views. The modified left 
ventricular myocardial performance indexes (MPI- LV) 
were obtained in the 5- chamber view and calculated 
using pulse Doppler methods16: MPI- LV is defined as 
the sum of isovolumetric contraction time (ICT) and 
isovolumetric relaxation time (IRT) divided by ejection 
time (ET), where ICT refers to the interval time from 
the mitral valve closing click to the AV opening click, 
IRT refers the interval time from the AV closing click to 
the mitral valve opening click, and ET refers the time 
from the AV opening click to the AV closing click.

Aortic elastic properties were evaluated by 1 ob-
server (S.Z.) who was blinded to the fetal biometry and 
cardiac information using vector velocity imaging soft-
ware (VVI; Siemens Medical Solutions USA, Inc.). First, 
high- quality cine loop clips (38– 56 frames/s) of the 
great artery short- axis view and LV outflow tract sag-
ittal view were separately acquired in the absence of 
maternal breathing and analyzed offline. The tricuspid 
and pulmonary valve were required to be clearly visible 
in the great arteries short- axis view, and the mitral and 
aortic valves were required to be clearly shown in the 
sagittal view. The semilunar valves were used to guar-
antee a straight AA in cross or longitudinal sections, 
and atrioventricular valve motion was used to deter-
mine the cardiac cycle in the subsequent procedure. 
Second, aortic elastic properties such as the global 
circumferential strain (GCS) and fractional area change 
(FAC) were measured in short- axis view as previously 
reported.13,14 In brief, a single still frame of the AA with 
optimal blood- intima border visualization was cho-
sen for manual tracing. Then, aortic circumferential 
strain for systole and diastole were automatically cal-
culated and displayed in a segment model. GCS was 

calculated as the average of all 4 segmental systolic 
peak circumferential strains and recorded. In addition, 
the VVI technique provided the largest cross- sectional 
area (CSA) and smallest CSA of the traced AA in the 
short- axis view, and the FAC was calculated automat-
ically as the percent change in the cross- sectional 
area: FAC (%)=(largest CSA- smallest CSA)/(largest 
CSA)×100 (Figure  1). Third, longitudinal strain of the 
AA was measured in the aorta sagittal view. Briefly, 
the anterior and posterior walls of the AA were traced 
separately beginning at the level of the sinotubular 
junction and ending at the level of the roof of the left 
atrium. Then, the longitudinal strain of the traced aortic 
wall was provided automatically (Figure 2). The mean 
longitudinal strain (MLS) of the AA was calculated as 
the mean systolic peak longitudinal strain in both the 
anterior and posterior walls. All aortic elastic property 
values (ie, the GCS, FAC, and MLS) were measured 3 
times and averaged.

Data are presented as the median (range) or fre-
quency (percentage). The Shapiro– Wilk W test was 
performed to assess the normality of the distribution. 
Data were compared between groups using Student t- 
test, the Mann– Whitney U test, the Chi- square test, or 
Fisher exact test as appropriate. The elastic properties 
of the aorta at the first and last examinations in utero 
were evaluated by a paired t- test. Spearman correla-
tion coefficients were calculated to demonstrate the 
relationship between aortic elastic properties and car-
diovascular biometrics in fetuses with CoA. Two- sided 
P<0.05 was considered significant. The intraclass 
correlation coefficient was used to assess the intraob-
server and interobserver agreement on aortic elastic 
property parameters from 30 randomly selected ob-
servations. All statistical analyses were performed 
using STATA 15 (Stata Corp LLC, College Station, TX) 

Figure 2. The mean longitudinal strain of the ascending aorta was obtained in a sagittal view by the velocity vector imaging 
technique.
The posterior (A) and anterior walls (B) of the ascending aorta were traced separately, and longitudinal strain was provided automatically. 
The mean longitudinal strain was calculated as the mean systolic peak longitudinal strain in both the anterior and posterior walls. VVI 
indicates velocity vector imaging.
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and GraphPad Prism 4 (GraphPad Software, Inc., San 
Diego, CA).

RESULTS
In total, 77 fetuses with suspected CoA were initially en-
rolled in this prospective study. Among them, 21 were 
excluded: 12 with no CoA on postnatal evaluation, 4 
with terminated pregnancy, and 5 without follow- up. 
Finally, 56 fetuses with CoA and 56 GA- matched nor-
mal controls were enrolled. The first scan took place 
at a median GA of 29.3 (range, 22.3– 35.4) weeks. The 
median follow- up period was 8 (range, 4– 16) weeks. 
The clinical and cardiac information, rather than the 
aortic mechanics, of 18 fetuses in the CoA group were 
reported in our previous study.10 The clinical charac-
teristics of this cohort are summarized in Table 1. The 
echocardiogram dates of the cohort are summarized 
in Table 2. The aorta and mitral valve were smaller in 
CoA fetuses than in normal control fetuses at both the 
first and last scans (P<0.001). The MPI- LV in the CoA 
group was larger than that of the normal group during 
the fetal period (the mean differences between CoA 

and normal group were 0.04 [95% CI, 0.02– 0.04] and 
0.06 [95% CI, 0.03– 0.08] for the first scan and second 
scans, respectively, both P<0.001).

The GCS, FAC, and MLS in fetuses with CoA were 
significantly smaller than those in the normal con-
trol fetuses at both the first and last examinations in 
utero (18.50% versus 37.73% for GCS, 38.90% versus 
57.55% for FAC, 6.61% versus 11.81% for MLS at first 
scan, 16.62% versus 42.05% for GCS, 36.54% versus 
59.7% for FAC, 6.2% versus 11.46% for MLS at last 
scan, all P<0.001, Figure 3). There were no differences 
in the GCS, FAC, or MLS between the first and last 
scans both in the normal group and CoA group. The 
CoA group was further classified as the CoA fetuses 
with and without abnormal aortic valve morphology 
(ie, bicuspid and unicuspid aortic valve) based on the 
postnatal confirmation. There were no significant dif-
ferences in GCS, MLS, and FAC between the 2 sub-
group CoA fetuses (P>0.05, Figure S1).

There were negative correlations between aortic elas-
tic properties (GCS, MLS, and FAC) and MPI- LV and pos-
itive correlations between aortic elastic properties and 
aortic isthmus size in fetuses with CoA (P<0.05, Figure 4).

Table 1. Clinical Characteristics of the Cohort

CoA (n=56) Control (n=56) P value

Maternal

Age, y 29 (20– 42) 27 (22– 38) 0.47

BMI, kg/m2 23 (18.4– 28.6) 21.3 (18.3– 27) 0.58

Nulliparous, n 36 (64%) 30 (53%) 0.34

Fetal

GA at first scan, wks 29.3 (22.1– 35.4) 29.3 (22.1– 35.4) 1

EFW at first scan, g 1249 (418– 2399) 1305 (444– 2500) 0.18

GA at last scan, wks 38.3 (33.1– 40.9) 37.3 (34.6– 39.7) 0.17

EFW at last scan, g 2979 (2261– 3618) 3100 (2188– 3415) 0.29

Delivery outcome

Vaginal delivery, n 43 (80.4%) 40 (83.9%) 0.67

GA at delivery, wks 39.6 (36.7– 41.3) 39.4 (36.1– 41) 0.12

<37 wks, n 2 (3.5%) 3 (5.3%) 1

Birth weight, g 2910 (2022– 3602) 3218 (2941– 3562) <0.05

<10th centile 6 (10.7%) 0 <0.05

Neonatal

5- min Apgar score <7, % 4 (7.1%) 0 0.12

Bicuspid aotic valve, n 24 (42.95) 0 <0.001

Unicuspid aortic valve, n 1 (1.8%) 0 1.0

Aortic stenosis, n 7 (12.5%) 0 <0.05

Hypoplastic aortic arch 8 (14.2%) 0 <0.01

Age at surgery, d 16 (5– 59) /

NICU, % 7 (12.5%) /

Termino- terminal coartectomy, n 17 (30.4%) /

Extended arch repair, n 39 (69.6%) /

Data are presented as the median (range) or frequency (percentage). BMI indicates body mass index; EFW, estimated fetal weight; GA, gestational age; and 
NICU, neonatal intensive care unit.
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The intraclass correlation coefficients for the GCS, 
FAC, and MLS with the same observer were 0.91 (95% 
CI, 0.882– 0.941), 0.93 (95% CI, 0.889– 0.951), and 0.92 
(95% CI, 0.853– 0.956), respectively. The intraclass 
correlation coefficients for the GCS, FAC, and MLS 
between the 2 observers were 0.89 (95% CI, 0.807– 
0.943), 0.90 (95% CI, 0.832– 0.937), and 0.91 (95% CI, 
0.822– 0.941), respectively.

DISCUSSION
In this study, decreases in the FAC and circumferential 
and longitudinal strain of the AA were observed in the 
CoA group. To the best of our knowledge, this study 
is the first to indicate the impairment of aortic elastic 
properties in fetuses with CoA. Furthermore, such im-
paired aortic elastic properties are associated with di-
minished heart function and aortic isthmus size.

The MLS, GCS, and FAC of the fetal AA were di-
minished significantly in the CoA group compared with 
those in the normal control group, demonstrating re-
duced aortic wall deformation and aortic area change 
even in utero in fetuses with CoA. The MLS and GCS 

derived from the speckle tracking technique VVI repre-
sent the stretch amount of the speckles along the aor-
tic wall in the longitudinal and circumferential directions 
separately throughout the cardiac cycle, and the FAC 
reflects the extent of the change in the cross- sectional 
area of the aortic wall during the cardiac cycle. Previous 
experiments have reported significant negative associ-
ations between aortic mechanical parameters (strain 
and FAC) computed by VVI and the collagen content in 
aortic wall tissue17 and elastin soluble fragment amount 
in plasma.18 As an elastic reservoir, a healthy aorta ex-
pands in all directions in systole after absorbing part of 
the LV force and recoils during diastole to guarantee 
continuous blood flow to the periphery, depending on 
the normal wall structures and functional biomechan-
ics. However, in CoA fetuses, structural abnormalities 
(cystic medial necrosis,19 elastic fiber fragmentation7) 
in the ascending aortic wall could impair ascending 
aortic elasticity and consequently cause a reduction 
in ascending aortic deformation longitudinally and 
circumferentially.

This study evaluated the progress of aortic elas-
tic properties in utero and found that there were 

Table 2. Fetal Echocardiogram and Aortic Elastic Properties of the Cohort

CoA (n=56) Control (n=56) P value

At first scan

MV, z- score −0.49 (−2.85 to 0.73) 0.20 (−1.51 to 1.44) <0.001

TV, z- score 0.96 (−0.52 to 1.75) −0.10 (−1.63 to 1.40) <0.001

AV, z- score −1.25 (−6.10 to −0.12) 0.07 (−1.50 to 1.30) <0.001

AA, z- score −1.54 (−5.73 to −0.26) 0.09 (−1.34 to 1.35) <0.001

Isthmus in sagittal view, z- score −4.11 (−6.05 to −2.55) 0.07 (−1.60 to 1.40) <0.001

Isthmus in 3VT view, z- score −3.82 (−5.68 to −2.36) 0.06 (−1.50 to 1.20) <0.001

DAO, z- score −0.43 (−1.07 to 0.42) 0.16 (−1.36 to 1.34) <0.001

MPI- LV 0.45 (0.31 to 0.60) 0.31 (0.27 to 0.51) <0.001

GCS, % 18.50 (10.40 to 40.78) 37.73 (20.88 to 81.39) <0.001

FAC, % 38.90 (22.10 to 58.70) 57.55 (41.88 to 79.80) <0.001

MLS, % 6.61 (1.90 to 13.17) 11.81 (6.29 to 18.25) <0.001

At last scan

MV, z- score −0.61 (−3.04 to 0.67) −0.10 (−1.52 to 1.40) <0.001

TV, z- score 0.84 (−0.62 to 1.47) 0.03 (−1.40 to 1.20) <0.001

AV, z- score −1.35 (−6.20 to −0.39) 0.11 (−1.30 to 1.55) <0.001

AA, z- score −1.54 (−6.14 to −0.37) −0.14 (−1.40 to 1.13) <0.001

Isthmus in sagittal view, z- score −4.51 (−6.30 to −2.55) −0.27 (−1.44 to 1.20) <0.001

Isthmus in 3VT view, z- score −4.46 (−6.07 to −2.39) −0.29 (−1.33 to 1.28) <0.001

DAO, z- score −0.60 (−1.52 to 0.90) 0.13 (−1.52 to 1.50) <0.001

MPI- LV 0.45 (0.32 to 0.60) 0.39 (0.27 to 0.51) <0.001

GCS, % 16.62 (10.21 to 36.91) 42.05 (16.87 to 67.39) <0.001

FAC, % 36.54 (24.90 to 55.32) 59.70 (45.80 to 74.80) <0.001

MLS, % 6.20 (2.28 to 16.56) 11.46 (5.36 to 23.49) <0.001

Data are presented as the median (range) or frequency (percentage). 3VT indicates 3- vessel trachea views; AA, ascending aorta; AV, aortic valve; DAO, 
descending aorta; FAC, fractional area change; GCS, global circumferential strain; MLS, mean longitudinal strain; MPI- LV, modified left ventricular myocardial 
performance indexes; MV, mitral valve; and TV, tricuspid valve.
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apparently progressive declines in the GCS and FAC, 
but not the MLS, at the last examination in fetuses with 
CoA. Both the GCS and FAC were acquired from a 

cross- sectional view of AA and enabled the assess-
ment of entire vessel wall motion mechanics and lumen 
area changes of the traced region of AA. The MLS was 

Figure 3. The global circumferential strain, fractional area change, and 
mean longitudinal strain decreased significantly in fetuses with coarctation 
of the aorta at both the first and last examination compared with those in 
the normal control group.
FAC indicates fractional area change; GCS, global circumferential strain; MLS, 
mean longitudinal strain; and ns, no significance. *P<0.001.
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acquired from the sagittal view of the AA, calculated as 
the mean longitudinal strain just from the anterior and 
posterior walls of the AA, and presented only part of 
the vessel wall mechanics. Therefore, technologically 
speaking, the GCS and FAC were supposed to be 
more comprehensive and more sensitive than the MLS 
for estimating impairment of the vessel wall mechanics.

This study showed inverse correlations between 
aortic elastic properties (GCS, MLS, and FAC) and 
MPI- LV in the CoA group, providing novel insight 
into ventricular– arterial coupling in utero. Altered 

ventricular– arterial coupling has been described in 
patients with repaired CoA and is thought to promote 
hypertension.20 Recently, our team21 demonstrated the 
association of decreased ascending aortic diameter 
strain with impaired left E’ and S′ in the fetuses with 
CoA and first reported ventricular– arterial interactions 
in fetuses with CoA. Vessel distensibility is influenced 
by not only vessel elasticity but also cardiac contractil-
ity and cardiac output.22 A previous study by our team 
and others observed decreased LV global strain, strain 
rate in systole and diastole,9 ventricular FAC, transverse 
fractional shortening, and ejection fraction23 in fetuses 
with CoA, which, together with the increased MPI- LV 
observed in this study, suggest depressed fetal heart 
contractility and diastolic function in CoA. On the one 
hand, impaired ventricular performance may cause 
decreased aortic stretching and thus a reduction in 
vascular wall deformation. In addition, neurohumoral 
and sympathetic activation triggered by stroke volume 
reduction deteriorates vascular dysfunction.24 On the 
other hand, impaired ascending aortic elastic proper-
ties may augment LV afterload and thus myocardial ox-
ygen demand, resulting in heart dysfunction.24

This study showed positive correlation between 
aortic elastic properties (GCS, MLS, and FAC) and 
aortic isthmus size in the CoA group, suggesting the 
potential role of isthmus narrowing in the development 
of impaired aortic elasticity. There is no doubt that the 
smaller the aortic isthmus size, the greater the pressure 
gradient and the afterload, which may generate abnor-
mal wall shear stress in AA. Supraphysiological wall 
shear stress is recognized to be a mechanotransduc-
tion stimulus25 that initiates injury to the endothelium, 
promotes the phenotypic change and apoptosis of 
smooth muscle cells, triggers oxidative stress and addi-
tional inflammation, mediates extracellular remodeling, 
and can eventually lead to impaired intrinsic properties 
of the aorta. Animal experiments26 demonstrated that 
high- grade coarctation resulted in increased systolic 
blood pressure and plaque matrix content proximal to 
the coarctation compared with those in mild coarcta-
tion. Recently, Ylinen et al’s population- based study27 
showed a negative association between preoperative 
aortic isthmus diameter and arm- leg blood pressure 
gradient and systolic blood pressure at follow- up in 
children with repaired CoA.

Limitations
This study has several limitations. First, the frame rate 
in the VVI technique was still relatively low, especially 
compared with fetal heart rates of up to 120 to 160 bpm. 
Reasonable reduction in the scanning area and optimi-
zation of the focus position and depth were applied to in-
crease the frame rate as much as possible. In this study, 
the medium frame rate was 45 (range, 38– 56 frames/s), 

Figure 4. The correlation plot matrix between aortic elastic 
properties and isthmus size and left ventricular myocardial 
performance indexes at the first scan (A) and last scan (B).
FAC indicates fractional area change; GCS, global circumferential 
strain; isthmus3VT, aortic isthmus z- score on 3- vessel trachea 
view; isthmusSV, aortic isthmus z- score in sagittal view; MLS, 
mean longitudinal strain; and MPI, myocardial performance 
index. *P<0.05; **P<0.01.
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which was similar to a previous study9- 11 evaluating fetal 
cardiac deformation by VVI and showed good perfor-
mance on interobserver agreement. Second, there is 
a large subset of CoA fetuses (44.6%, 25/56) with ab-
normal aortic valve morphology. Bicuspid aortic valve 
has its own associated aortopathy that could potentially 
confound the analysis of CoA aortopathy, although we 
did not demonstrate differences of aortic elastic prop-
erties in this subset of CoA fetuses in this study. Third, 
the effect on cardiovascular morbidity of impaired elas-
tic properties was not followed up. The exact predictive 
values of the GCS and FAC on the presence of aortopa-
thy (ie, hypertension) or progressive ventricular– arterial 
coupling abnormalities in babies with CoA need further 
large- scale longitudinal study.

CONCLUSIONS
Aortic strain and the fractional area change were de-
creased in fetuses with CoA. Impairment of these aor-
tic elastic properties were correlated with diminished 
heart function in utero. Further large- scale longitudi-
nal studies are required to confirm these findings and 
identify the predictive value on subsequent cardiovas-
cular morbidity of such aortic wall elastic dysfunction 
in utero.
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Figure S1. Violin plot of the aortic elastic properties between CoA fetuses with 

and without BAV/UAV.  

 

 

 

MLS, mean longitudinal strain; FAC, fractional area change; GCS, global 

circumferential strain; BAV, bicuspid aortic valve; UAV, unicuspid aortic valve. 
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