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CONTRIBUTION

What are the novel findings of this work?

Several known prenatal ultrasound parameters show an
association with the postnatal diagnosis of coarctation of
the aorta. However, both single parameters and models
combining multiple parameters have only moderate
diagnostic yield.

What are the clinical implications of this work?

The prenatal diagnosis of coarctation of the aorta
using ultrasound remains challenging. Further research
should focus on improving and validating models both
prospectively and externally as well as evaluating the true
additional value of other novel technologies.

ABSTRACT

Objective To determine the diagnostic accuracy of
prenatal ultrasound in detecting coarctation of the aorta
(CoA).

Methods An individual participant data meta-analysis
was performed to report on the strength of association
and diagnostic accuracy of different ultrasound signs in
detecting CoA prenatally. MEDLINE, EMBASE and
CINAHL were searched for studies published between
January 2000 and November 2021. Inclusion criteria
were fetuses with suspected isolated CoA, defined
as ventricular and/or great vessel disproportion with
right dominance on ultrasound assessment. Individual
participant-level data were obtained by two leading teams.
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Prenatal ultrasound in coarctation of the aorta

PRISMA-IPD and PRISMA-DTA guidelines were used
for extracting data, and the QUADAS-2 tool was used
for assessing quality and applicability. The reference
standard was CoA, defined as narrowing of the aortic
arch, diagnosed after birth. The most commonly evaluated
parameters on ultrasound, both in B-mode and on
Doppler, constituted the index test. Swmmary estimates of
sensitivity, specificity, diagnostic odds ratio (DOR) and
likelibood ratios were computed using the hierarchical
summary receiver-operating-characteristics model.

Results The initial search yielded 72 studies, of which
25 met the inclusion criteria. Seventeen studies (640
fetuses) were included. On random-effects logistic regres-
sion analysis, tricuspid valve/mitral valve diameter
ratio > 1.4 and > 1.6, aortic isthmus/arterial duct diam-
eter ratio < 0.7, hypoplastic aortic arch (all P <0.001),
aortic isthmus diameter Z-score of <—2 in the sagit-
tal (P=0.003) and three-vessel-and-trachea (P <0.001)
views, pulmonary arterylascending aorta diameter ratio
> 1.4 (P=0.048) and bidirectional flow at the foramen
ovale (P=0.012) were independently associated with
CoA. Redundant foramen ovale was inversely associ-
ated with CoA (P=0.037). Regarding diagnostic accu-
racy, tricuspid valve/mitral valve diameter ratio > 1.4
had a sensitivity of 72.6% (95% CI, 48.2-88.3%),
specificity of 65.4% (95% CI, 46.9-80.2%) and DOR
of 5.02 (95% CI, 1.82-13.9). The sensitivity and
specificity values were, respectively, 75.0% (95% CI,
61.1-86.0%) and 39.7% (95% CI, 27.0-53.4%) for
pulmonary arterylascending aorta diameter ratio > 1.4,
47.8% (95% CI, 14.6-83.0%) and 87.6% (95% ClI,
27.3-99.3%) for aortic isthmus diameter Z-score of < -2
in the sagittal view and 74.1% (95% CI, 58.0-85.6%)
and 62.0% (95% CI, 41.6-78.9%) for aortic isthmus
diameter Z-score of < -2 in the three-vessel-and-trachea
view. Hypoplastic aortic arch had a sensitivity of 70.0%
(95% CI, 42.0-88.6%), specificity of 91.3% (95% ClI,
78.6-96.8%) and DOR of 24.9 (95% CI, 6.18-100). The
diagnostic yield of prenatal ultrasound in detecting CoA
did not change significantly when considering multiple
categorical parameters. Five of the 11 evaluated continu-
ous parameters were independently associated with CoA
(all P<0.001) but all had low-to-moderate diagnostic
yield.

Conclusions Several prenatal ultrasound parameters are
associated with an increased risk for postnatal CoA.
However, diagnostic accuracy is only moderate, even
when combinations of parameters are considered. © 2024
The Authors. Ultrasound in Obstetrics & Gynecology
published by John Wiley & Sons Ltd on behalf of
International Society of Ultrasound in Obstetrics and
Gynecology.

INTRODUCTION

Coarctation of the aorta (CoA) accounts for 7% of
cases of congenital heart disease in neonates'~3. Despite
advances in fetal echocardiography, it continues to be one
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of the most challenging defects to diagnose correctly.
Prenatal detection rates of the condition are low*7,
and there are many undiagnosed neonates who leave
hospital and return soon after discharge in a critical
condition®. This is particularly true for isolated cases, in
which diagnosis occurs after discharge in up to 60% of
cases’.

Prenatal diagnosis improves survival and reduces
morbidity by allowing planned delivery in an appropriate
center and preventing early closure of the ductus
arteriosus'%~12, especially in severe cases!’. However,
prenatal diagnosis is associated with a high rate of false
positives because it is based on indirect, non-specific signs,
such as cardiac asymmetry with right dominance'®!3,
which may result in unnecessary treatment, parental
anxiety and increased medical costs. The diagnostic
yield of cardiac asymmetry with right dominance is
low and decreases with gestational age (GA) because
the physiological asymmetry becomes more pronounced
as pregnancy progresses. Thus, its positive predictive
value goes from 60-86% in the second trimester to
10-41% in the third trimester>'*. Finally, when faced
with a prenatal suspicion of CoA, the recommendation
is that perinatal care takes place in a tertiary center,
although most (60-80%) cases will not be confirmed
after birth®!®. Therefore, an improved understanding of
the characteristics of high-risk fetuses that actually have
CoA is essential.

A recent systematic review including about 900 fetuses
with a sonographic suspicion of CoA reported that mean
mitral valve, aortic valve and aortic isthmus diameter
Z-scores were lower, and the presence of the juxtaductal
shelf and aortic arch hypoplasia was more common,
in fetuses with confirmed CoA. However, the small
number of included studies, lack of stratification by GA at
ultrasound, inclusion of fetuses with other anomalies and
the use of aggregate data did not allow the calculation
of an objective estimation of the accuracy of prenatal
ultrasound in diagnosing CoA'”.

In this context, we performed a systematic review
and individual participant data (IPD) meta-analysis to
elucidate the strength of association and the accuracy of
different ultrasound signs in diagnosing CoA prenatally.

METHODS

Protocol, eligibility criteria, information sources
and search

This review was performed according to the Pre-
ferred Reporting Items for Systematic Reviews
and Meta-Analyses of Individual Participant Data
(PRISMA-IPD) and Preferred Reporting Items for
Systematic Reviews and Meta-Analyses of Diagnostic
Test Accuracy (PRISMA-DTA) guidance on systematic
reviews.

An electronic search of MEDLINE, EMBASE and
CINAHL was conducted on 2 November 2021 for
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studies published between January 2000 and Novem-
ber 2021, and updated on 20 September 2023, utilizing
combinations of the relevant medical subject heading
(MeSH) terms, keywords and word variants for ‘coarcta-
tion of aorta’ and ‘ultrasound” (Appendix S1). The search
and selection criteria were restricted to the English lan-
guage. The reference lists of relevant articles and reviews
were searched manually for additional reports. The study
was registered with the PROSPERO database (registra-
tion number: CRD42023338872). A flowchart of the
identified and included studies is presented in Figure 1.

Study selection, data collection and variables

Inclusion criteria were fetuses with suspected isolated
CoA, defined as ventricular and/or great vessel dispro-
portion with right dominance on ultrasound assessment.
Cases with an associated cardiac or extracardiac anomaly
(including growth restriction), aneuploidy or other genetic
abnormality were excluded from the analysis.

The reference standard was CoA diagnosed in the
neonatal period and defined as a discrete narrowing of
the thoracic aorta just distal to the left subclavian artery.
The index test was ultrasound assessment of the fetal
heart. Different categorical and continuous sonographic
parameters reported to be associated with CoA in the pub-
lished literature were analyzed (Figures 2 and 3, Table S1).
Z-scores were calculated according to GA from the charts
developed by Schneider et al.'® and Pasquini et al.'®, as
they were the most widely used charts among the included
studies.

Studies identified

Villalain et al.

Risk of bias assessment across studies and data
extraction

Data were extracted and assessed by authors from two
different leading teams (C.V., F.D.A., E.G.-M.). Two
authors (F.D.A., C.V.), who were not involved in the
original studies, independently assessed each eligible study
for potential sources of bias and applicability concerns
using the QUADAS-2 tool (TableS2). Any disagreement
was resolved by discussion between them or with a third
author (A.G.).

Study-level data extraction from the included reports
and entry into a data extraction sheet were performed
by two authors (C.V., E.G.-M.). Collected data included
time period, targeted outcome and its incidence, evaluated
parameters and selected predictors. The first and the
corresponding authors were contacted to gather raw
data. This information was transformed into individual
participant-level data, chosen based on their availability
in the included studies. If there was no response after
1 month, the same approach was reattempted twice. After
checking each dataset, authors were contacted to resolve
any discrepancies, and once resolved, data were merged
into the IPD meta-analysis dataset.

Data analysis

The predictive accuracy of the selected sonographic
signs for the detection of CoA was assessed as
follows. First, for signs expressed as categorical variables

(n=72)
Records deemed not eligible after abstract review (7=43):
Did not evaluate prognostic factors (7= 16)
Prenatal data not available (7= 8)
> Did not include cases of coarctation of aorta (n=7)
Review/systematic review (72=6)
Small sample size (7 =4)
Prenatal evaluation not based on ultrasound (n=1)
v Evaluation outside gestational-age range (n=1)
Full-text records
evaluated
(n=29)
.| Records deemed not eligible after full-text review (7=4):
4 Did not evaluate prognostic factors (7=2)
Did not include prenatal data (z=1)
v
. - Evaluation not based on ultrasound (n=1)
Eligible studies
(n=25)

A A

Excluded from final analysis (72 =8):
Data not shared by authors (n=4)
Unable to contact authors (7=4)

Studies included in
final analysis
(n=17)

Figure 1 Flowchart summarizing identification and inclusion of studies in systematic review and meta-analysis.
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(juxtaductal shelf, hypoplastic aortic arch, laminar flow,  tricuspid valve/mitral valve diameter ratio > 1.4 or > 1.6,
bidirectional flow at the aortic arch, bidirectional = pulmonary artery/ascending aorta diameter ratio > 1.4,
flow at the foramen ovale, redundant foramen ovale, aortic isthmus diameter Z-score <-2 in the sagittal

Figure 2 Ultrasound parameters obtained using B-mode that were evaluated as predictors of coarctation of aorta, including: (a) tricuspid
valve (TV) and mitral valve (MV) diameters; (b) aortic valve (AV) and ascending aorta (AsAo) diameters; (c) arterial duct (AD) and aortic
isthmus (Aol) diameters; (d) hypoplastic aortic arch; (e) pulmonary valve (PV) and main pulmonary artery (PA) diameters; (f) redundant
foramen ovale (RFO); (g) Aol diameter in sagittal view; and (h) juxtaductal shelf (arrow). Dashed lines indicate diameters. Ao, aorta; DAo,
descending aorta; LA, left atrium; LPA, left pulmonary artery; LV, left ventricle; RA, right atrium; RPA, right pulmonary artery; RV, right
ventricle.

Figure 3 Color (a,e,f) and pulsed (b—d) Doppler parameters that were evaluated as predictors of coarctation of aorta, including: (a) bi-
directional flow at aortic arch; (b) main pulmonary artery (PA) peak velocity; (c) ascending aorta peak velocity; (d) laminar flow in aorta;
and (e,f) bidirectional flow at foramen ovale (FO) (arrows indicate flow direction). Ao, aorta; LA, left atrium; LV, left ventricle; PV,
pulmonary valve; RA, right atrium; RV, right ventricle.
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or three-vessel-and-trachea (3VT) view and aortic
isthmus/arterial duct diameter ratio < 0.7), we computed
summary estimates of sensitivity, specificity, diagnostic
odds ratio (DOR) and positive (LR+) and negative
(LR-) likelihood ratios. DOR is the ratio of the odds
of the test being positive in a disease state relative to
the odds of the test being positive in a non-disease
state. DOR ranges from zero to infinity, with higher
values indicating better discriminatory test performance
and a DOR of 1 indicating that the test does not
discriminate between people with and those without the
disease?’. For all computations, the hierarchical summary
receiver-operating-characteristics (HSROC) model was
adopted?!. However, if the number of studies is small, the
uncertainty associated with the estimation of the shape
parameter can be high and models may fail to converge.
Thus, for all meta-analyses in which fewer than four
center estimates could be pooled, the DerSimonian—Laird
random-effects model was used.

Second, the diagnostic performance of two sets of
combinations was evaluated: (1) the most frequently used
sonographic signs (tricuspid valve/mitral valve diameter
ratio > 1.4; pulmonary artery/ascending aorta diameter
ratio > 1.4; aortic isthmus diameter Z-score <-2 in
the 3VT view) and GA at evaluation (dichotomized
into <28 weeks vs>28weeks)?? and (2) sonographic
signs with the highest diagnostic yield on univariate
analysis in the meta-analysis (tricuspid valve/mitral valve
diameter ratio > 1.6; hypoplastic aortic arch; aortic
isthmus diameter Z-score < -2 in the 3VT view) and
dichotomized GA at evaluation. The performance was
assessed by computing summary estimates of sensitivity,
specificity, DOR, LR+ and LR- for the presence of
all four characteristics included in the model, three or
four characteristics, two characteristics and only one
characteristic (vs none).

Third, for the sonographic parameters expressed as
continuous variables (tricuspid valve diameter, mitral
valve diameter, pulmonary valve diameter, aortic valve
diameter, pulmonary artery peak velocity, ascending
aorta peak velocity, ascending aorta diameter, aortic
isthmus diameter in the 3VT and sagittal views, arterial
duct diameter, aortic isthmus/ascending aorta diameter
ratio), a receiver-operating-characteristics (ROC) curve
was computed by calculating the false-positive and
true-positive rate of CoA empirically at every value of
each sonographic parameter.

In order to identify the highest diagnostic accuracy of
GA at scan, several cut-offs were explored (specifically,
24, 28 and 32weeks’ gestation), with results largely
overlapping across the chosen cut-offs. Thus, given
the large heterogeneity in terms of the timepoint of
ultrasound across the different studies (at diagnosis, last
scan before delivery), and to avoid redundancy in tables
and results, we decided to show only the 28-week cut-off.
More specifically, the role of GA was investigated using
different analytical approaches. First, it was dichotomized
into <28 weeks vs > 28 weeks and was always included
among the predictors of the models assessing the

© 2024 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley &
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diagnostic accuracy of 1, 2 or 3—4 parameters to predict
CoA. Second, dichotomized GA was included in each
meta-analysis (performed through random-effects logistic
regression) predicting the likelihood of CoA for each
single-unit increase in the selected ultrasound parameter.

Fourth, we evaluated the association between CoA and
each ultrasound sign, either taken as a single parameter
or considered in combination with others. For the 12
signs expressed as categorical variables, the unit of the
meta-analyses were single comparisons of subjects with
(exposed group) vs without (unexposed group) each
ultrasound sign to predict CoA. For the 11 signs expressed
as continuous variables, the unit of the meta-analyses was
an increase or decrease in the likelihood of detecting
coarctation for each single-unit increase in a parameter.

Some of the meta-analyses included observational
studies with severely unbalanced exposed and unexposed
groups. In these cases, the best performing methods are
the Mantel-Haenszel odds ratio (OR) without zero-cell
continuity correction, logistic regression and an exact
method?>?*. Mantel-Haenszel ORs cannot be computed
in studies reporting zero events in both groups; however,
the exclusion of such studies may lead to loss of
information and the potential inflation of the magnitude
of the pooled exposure effect?>. Therefore, to keep all
studies in the analyses, we performed all meta-analyses
using individual data random-effects logistic regression,
with single center as the cluster unit, and adjusting for GA
at diagnosis (< 28 weeks vs > 28 weeks) and left superior
vena cava (presence vs absence), since it has been described
as an independent risk factor for CoA2°. The pooled
datasets with individual data were reconstructed using
published 2 x 2 tables. If a meta-analysis showed one of
the overall pooled arms with no events, we used exact
logistic regression.

Assessment of potential publication bias was not
performed because of the small number of studies and
events included. Formal tests for funnel plot asymmetry
cannot be used when the total number of studies included
for each outcome is less than 10 because their power is
too low to distinguish chance from real asymmetry. Stata
14 (Stata Corp., College Station, TX, USA: 2013) and
Meta-Disc 1.4 were used to analyze the data.

RESULTS
Study selection and characteristics

The systematic literature search identified 72 original
studies, of which 25 were considered eligible. Reasons for
exclusion of identified studies are presented in Table S3.
After applying the eligibility criteria and scrutinizing
original data files and publications, a total of 17 studies
originating from 13 centers were selected to be included
in the IPD meta-analysis, with a total of 940 fetuses
with suspected CoA (Figure1). After removing fetuses
with additional cardiac findings (exclusive of persistent
left superior vena cava), extracardiac anomalies and/or
aneuploidies, 640 fetuses were included in the analysis, of

Ultrasound Obstet Gynecol 2024; 63: 446-456.

Sons Ltd on behalf of International Society of Ultrasound in Obstetrics and Gynecology.

85U80|7 SUOWIWIOD B8O 8|qedl|dde au Aq pausenob a1e Ssolie YO 8sn JO S3|Nn1 10} Aeiq18ul|uO 8|1 UO (SUONIPUOD-PUB-SWLBIW0D A8 | 1M ATeIq 1 BU1 UO//:SANY) SUORIPUOD pue SWe 1 84} 89S *[120Z/70/6T] U0 A%iqiTaulluo 48| ‘(PepIUes 8p OLBISIUIIN) UOKSIAOLG [eUOITeN 8UeIyo0D Usiueds Aq 9/G/2B0n/z00T 0T/10p/uioo" A8 1w Are.qjputuo uABgoy/:sdny woiy pepeojumod ‘v ‘v20z ‘S0L0697T



Prenatal ultrasound in coarctation of the aorta

which 365 (57.0%) had a confirmed postnatal diagnosis
of CoA and 275 (43.0%) had confirmation of a normal
aortic arch. A summary of the data extraction sheet
of the included studies is given in Table S4. Baseline
characteristics of the study population are presented in
Table 1. The mean GA at ultrasound assessment was
31.07 £5.52 weeks. Most of the studies were of high
quality and there was a low risk of bias and a low

level of concern regarding the applicability of the studies
(Table S2).

Synthesis of results

On randome-effects logistic regression analysis, tricuspid
valve/mitral valve diameter ratio> 1.4 and > 1.6 were
both independently associated with CoA, with an OR of
5.13 (95% CI, 2.64-9.98) (P < 0.001) and 7.58 (95% CI,
3.59-16.0) (P <0.001), respectively. Likewise, an aortic
isthmus diameter Z-score of < -2 measured in the
sagittal (OR, 5.66 (95% CI, 1.80-17.9), P=0.003) and
3VT (OR, 6.39 (95% CI, 3.59-11.4), P <0.001) views,
pulmonary artery/ascending aorta diameter ratio > 1.4
(OR, 2.50 (95%CI, 1.01-6.18), P=0.048), aortic
isthmus/arterial duct diameter ratio<0.7 (OR, 7.29
(95% CI, 3.36-15.8), P < 0.001), presence of hypoplastic
aortic arch (OR, 18.6 (95% CI, 9.07-38.03), P < 0.001)

451

and bidirectional flow at the foramen ovale (OR, 2.03
(95% CI, 1.17-3.54), P=0.012) were independently
associated with CoA. Redundant foramen ovale was
inversely associated with CoA (OR, 0.25 (95% ClI,
0.07-0.92), P=0.037), while the associations with the
presence of a juxtaductal shelf (P=0.5), laminar flow
(P=0.5) and bidirectional flow at the aortic arch (P = 0.4)
did not reach statistical significance (Table S5).

Table2 reports the summary estimates of diagnostic
accuracy for the different categorical ultrasound param-
eters reported to be associated with CoA. A tricuspid
valve/mitral valve diameter ratio>1.4 had a sensi-
tivity of 72.6% (95% CI, 48.2-88.3%), specificity of
65.4% (95% CI, 46.9-80.2%), DOR of 5.02 (95% ClI,
1.82-13.9), LR+ of 2.10 (95% CI, 1.32—3.34) and LR—
of 0.42 (95% CI, 0.21-0.84), while the respective figures
for a tricuspid valve/mitral valve diameter ratio> 1.6
were 47.9% (95% CI, 30.4-65.9%), 88.2% (95% ClI,
72.1-95.6%), 6.85 (95% CI, 2.73-17.2), 4.05 (95% CI,
1.82-9.01) and 0.59 (95% ClI, 0.43-0.80). A pulmonary
artery/ascending aorta diameter ratio > 1.4 had a sensitiv-
ity of 75.0% (95% CI, 61.1-86.0%) and a specificity of
39.7% (95% CI, 27.0-53.4%) for the detection of CoA.
An aortic isthmus diameter Z-score of < -2 in the sagittal
view had a sensitivity of 47.8% (95% CI, 14.6-83.0%),
specificity of 87.6% (95% CI, 27.3-99.3%), DOR of

Table 1 Characteristics of study population according to whether coarctation of aorta (CoA) was confirmed postnatally

Characteristic

Centers (n)

Confirmed CoA Normal aortic arch

[ee}

Tricuspid valve diameter Z-score
Mitral valve diameter Z-score
Tricuspid valve/mitral valve diameter ratio
Pulmonary valve diameter Z-score
Aortic valve diameter Z-score
Ascending aorta diameter Z-score
Main pulmonary artery diameter Z-score
Pulmonary artery/ascending aorta diameter ratio
Aortic isthmus diameter Z-score
Three-vessel view
Sagittal view
Juxtaductal shelf
Hypoplastic aortic arch
Pulmonary artery peak velocity
Ascending aorta peak velocity
Laminar flow
Aortic arch flow
Antegrade
Mixed
Reversed
Flow at foramen ovale 8
Right to left
Left to right
Bidirectional
Redundant foramen ovale 5
Gestational age at delivery (weeks) 3
Neonatal sex 10
Female
Male
Birth weight (g) 6
Surgical repair 3

—_
L W = O 0 o

—_

O N Li W o NI O\ =

0.00 (~0.68 to 0.70)
~2.00 (=3.09 to —0.90)
1.40 (1.24 to 1.61)
1.00 (0.13 to 1.70)
~1.07 (-2.24 to -0.20)
~1.40 (-2.66 to —0.50)
0.84 (0.10 to 1.50)
1.53 (1.36 to 1.80)

~0.17 (~=1.23 t0 0.51)
~1.80 (=2.81 to —0.90)
1.35 (1.17 to 1.56)
0.95 (0.17 to 1.92)
~0.68 (~1.56 to 0.06)
-1.36 (=2.13 to -0.56)
0.50 (=0.33 to 1.23)
1.45 (1.29 to 1.60)

~2.00 (=3.00 to —0.93)
-1.60 (=2.40 to —0.70)

~1.55 (=2.45 to —0.44)
0.78 (-1.00 to 1.53)

32/175 (18.3) 39/147 (26.5)
114/270 (42.2) 41/183 (22.4)
90 (75 to 101) 69 (49 to 97)
80 (68 to 100) 80 (75 to 100)
56/96 (58.3) 204/254 (80.3)
62/82 (75.6) 231/266 (86.8)
5/82 (6.1) 13/266 (4.9)
15/82 (18.3) 22/266 (8.3)

250/268 (93.3) 105/121 (86.8)

3/268 (1.1) 0/121 (0)
15/268 (5.6) 16/121 (13.2)
34/234 (14.5) 12/103 (11.7)

39.0 (38.0 to 40.0) 39.0 (38.0 to 39.3)
124/294 (42.2)
170/294 (57.8) 145/231 (62.8)

3210 (2860 to 3540) 3140 (2740 to 3460)
114/121 (94.2) 0(0)

86/231 (37.2)

Data are given as median (interquartile range) or 7#/N (%).

© 2024 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley &
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6.48 (95%CI, 1.07-39.3), LR+ of 3.86 (95%ClI,
0.57-26.0) and LR- of 0.60 (95% CI, 0.35-1.02),
while the respective figures for an aortic isthmus diam-
eter Z-score of <-2 in the 3VT view were 74.1%
(95% CI, 58.0-85.6%), 62.0% (95% CI, 41.6-78.9%),
4.68(95% CI1,2.01-10.9),1.95 (95% CI, 1.22-3.12) and
0.42 (95% CI, 0.25-0.69). The presence of a hypoplastic
aortic arch on ultrasound assessment had a sensitivity
of 70.0% (95% CI, 42.0-88.6%), specificity of 91.3%
(95% CI, 78.6-96.8%) and DOR of 24.9 (95% CI,
6.18-100), while the presence of a juxtaductal shelf
had a sensitivity of 26.4% (95% CI, 15.6-41.1%) and
a specificity of 79.9% (95% CI, 56.1-92.6%). Figure S1
shows the HSROC of tricuspid valve/mitral valve diameter

Villalain et al.

ratio > 1.4 and > 1.6, and Figure S2 shows the HSROC
of aortic isthmus diameter Z-score < -2 in the sagittal
and 3VT views. Color Doppler parameters showed a low
diagnostic accuracy for CoA. Laminar flow in the aorta
had a sensitivity of 50.4% (95% CI, 32.0-68.7%) and
a specificity of 40.4% (95% CI, 20.6-63.9%). Bidirec-
tional flow at both the aortic arch and the foramen ovale
had a low diagnostic accuracy for CoA.

The strength of association between the different cate-
gorical ultrasound parameters explored and the presence
of CoA is summarized in Table S5. The diagnostic perfor-
mance of prenatal ultrasound in detecting CoA did not
change significantly when considering multiple categorical
parameters (Tables 3 and Sé6).

Table 2 Summary estimates of sensitivity, specificity, diagnostic odds ratio (DOR) and positive (LR+) and negative (LR-) likelihood ratios
of categorical ultrasound parameters in prediction of coarctation of aorta

Parameter

Centers

(fetuses) (n)

Sensitivity
(95% CI) (%)

Specificity
(95% CI) (%)

DOR (95% CI)

LR+ (95% CI)

LR= (95% CI)

TV/MV diameter ratio > 1.4 7 (242) 72.6 (48.2-88.3) 65.4 (46.9-80.2)

TV/MV diameter ratio > 1.6 7(242)  47.9 (30.4-65.9) 88.2 (72.1-95.6)

Pulmonary artery/ascending 4 (110) 75.0 (61.1-86.0) 39.7 (27.0-53.4)
aorta diameter ratio > 1.4

Aortic isthmus diameter 5(187) 47.8(14.6-83.0) 87.6(27.3-99.3)
Z-score < —2 (sagittal view)

Aortic isthmus diameter 9 (365) 74.1 (58.0-85.6) 62.0 (41.6-78.9)
Z-score < =2 (3VT)

Aortic isthmus/arterial duct 6(277)  87.6(80.6-92.7) 39.9 (31.9-48.2)
diameter ratio < 0.7

Juxtaductal shelf 6(256)  26.4(15.6-41.1) 79.9 (56.1-92.6)

Hypoplastic aortic arch 5(268) 70.0 (42.0-88.6) 91.3 (78.6-96.8)

Laminar flow 5(178)  50.4 (32.0-68.7) 40.4 (20.6-63.9)

Bidirectional flow at aortic 7 (201) 54.0 (34.4-73.1) 52.0(31.1-72.9)
arch (vs unidirectional flow)

Bidirectional flow at foramen 5(188) 53.0(25.0-80.0) 63.0 (34.4-84.3)
ovale (vs unidirectional,
right-to-left flow)

Redundant foramen ovale 3 (147) 27.8 (9.7-53.5) 60.5(51.5-69.0)

5.02 (1.82-13.9)
6.85 (2.73-17.2)
2.05 (0.82-5.09)
6.48 (1.07-39.3)
4.68 (2.01-10.9)
4.53 (2.15-9.54)
1.43 (0.48-4.26)
24.9 (6.18-100)
0.69 (0.23-2.10)
1.47 (0.63-3.47)

1.92 (0.42-8.75)

0.43 (0.12-1.52)

2.10 (1.32-3.34)
4.05 (1.82-9.01)
1.33 (1.02-1.74)
3.86 (0.57-26.0)
1.95 (1.22-3.12)
1.48 (1.28-1.71)
1.32(0.56-3.12
8.10 (3.31-21.0

(

(

0.85(0.52-1.38

)
)
)
1.15 (0.85-1.57)

1.43 (0.62-3.29)

0.74 (0.40-1.35)

0.42 (0.21-0.84)
0.59 (0.43-0.80)
0.66 (0.36-1.20)
0.60 (0.35-1.02)
0.42 (0.25-0.69)
0.35 (0.20-0.61)
0.92 (0.73-1.16)
0.32 (0.14-0.74)
1.23 (0.65-2.30)
0.92 (0.64-1.31)

0.74 (0.36-1.72)

1.32 (0.97-1.80)

DerSimonian—Laird random-effects model was used when data were available from fewer than four centers, while hierarchical summary

receiver-operating-characteristic model was used when data were available from four or more centers. 3VT, three-vessel-and-trachea view;
MV, mitral valve; TV, tricuspid valve.

Table 3 Summary estimates of sensitivity, specificity, diagnostic odds ratio (DOR) and positive (LR+) and negative (LR-) likelihood ratios
of models including selected ultrasound parameters and gestational age at evaluation in prediction of coarctation of aorta

Centers Sensitivity Specificity
Model (fetuses) (n) (95% CI) (%) (95% CI) (%) DOR (95% CI) LR+ (95% CI) LR- (95% CI)
Model 1
1 parameter 5(108) 65.4 (53.8-75.8) 16.7(5.64-34.7)  0.38 (0.14-1.07)  0.79 (0.63-0.99)  2.08 (0.88-4.89)
2 parameters 5(107) 67.5(56.3-77.4)  20.8(7.13-42.2)  0.55(0.19-1.57)  0.85 (0.66-1.10)  1.56 (0.68-3.61)
3-4 parameters 599 68.2 (57.2-77.9)  50.0 (18.7-81.3)  2.15(0.61-7.58)  1.36 (0.72-2.58)  0.64 (0.32-1.27)
4 parameters 1(33) 13.0 (2.78-33.6) 100 (69.2-100) 3.59(0.17-76.1)  3.21(0.18-56.9)  0.89 (0.73-1.10)

Model 2
1 parameter
2 parameters
3—4 parameters
4 parameters

41.6 (32.9-50.8)

29.8 (21.2-39.6)

30.5 (21.9-40.2)
NA

41.7 (30.2-53.9)

66.7 (51.0-80.0)

85.7 (69.7-95.2)
NA

0.51 (0.28-0.91)

0.85 (0.40-1.78)

2.63(0.93-7.13)
NA

0.71 (0.54-0.95)

0.89 (0.54-1.49)

2.13 (0.90-5.05)
NA

1.04 (1.03-1.91)

1.05 (0.83-1.34)

0.81 (0.67-0.98)
NA

Model 1: tricuspid valve/mitral valve diameter ratio > 1.4, pulmonary artery/ascending aorta diameter ratio > 1.4, aortic isthmus diameter
Z-score < -2 in three-vessel-and-trachea view (3VT) and gestational age < 28 weeks. Model 2: tricuspid valve/mitral valve diameter

ratio > 1.6, hypoplastic aortic arch, aortic isthmus diameter Z-score < -2 in 3VT and gestational age < 28 weeks. DerSimonian—Laird
random-effects model was used when data were available from fewer than four centers, while hierarchical summary receiver-operating-
characteristics model was used when data were available from four or more centers. NA, not assessed.

© 2024 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley &
Sons Ltd on behalf of International Society of Ultrasound in Obstetrics and Gynecology.
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Prenatal ultrasound in coarctation of the aorta 453
Table 4 Results of meta-analysis evaluating association of selected continuous ultrasound parameters with coarctation of aorta

Parameter Centers (fetuses) (n) AUC (95% CI) Pooled OR (95% CI)* P
Aortic isthmus/ascending aorta diameter ratio 8 (401) 0.42 (0.36-0.67) 0.36 (0.07-1.89) 0.2
Tricuspid valve diameter Z-score 8 (417) 0.56 (0.50-0.62) 1.17 (0.95-1.44) 0.14
Mitral valve diameter Z-score 8 (418) 0.46 (0.40-0.52) 0.57 (0.46-0.70) <0.001
Pulmonary valve diameter Z-score 8 (385) 0.49 (0.43-0.56) 1.13 (0.90-1.40) 0.3
Aortic valve diameter Z-score 9 (439) 0.43 (0.37-0.48) 0.61 (0.49-0.75) <0.001
Pulmonary artery peak velocity Z-score 3 (55) 0.49 (0.33-0.65) 0.99 (0.96-1.03) 0.6
Ascending aorta peak velocity Z-score 5(151) 0.52 (0.42-0.61) 0.99 (0.98-1.01) 0.9
Ascending aorta diameter Z-score 11 (504) 0.44 (0.39-0.49) 0.56 (0.46-0.67) <0.001
Aortic isthmus diameter Z-score (3VT view) 11 (518) 0.38 (0.33-0.43) 0.56 (0.46-0.67) <0.001
Aortic isthmus diameter Z-score (sagittal view) 6 (325) 0.28 (0.21-0.35) 0.49 (0.36-0.68) <0.001
Arterial duct diameter Z-score 9 (425) 0.45 (0.40-0.51) 1.19 (0.96-1.48) 0.12

*Random-effects logistic regression, with study site as cluster unit, predicting likelihood of coarctation of aorta for 1-unit increase in
ultrasound parameter. All models were adjusted for gestational age at evaluation (< 28 weeks vs > 28weeks) and presence of left superior
vena cava. AUC, area under the receiver-operating-characteristics curve; OR, odds ratio; 3VT, three-vessel-and-trachea view.

Table4 shows the strength of association and
the diagnostic accuracy of the different continuous
ultrasound parameters in detecting CoA prenatally. Mitral
valve diameter Z-score (OR, 0.57 (95% CI, 0.46-0.70),
P <0.001), aortic valve diameter Z-score (OR, 0.61
(95% CI, 0.49-0.75), P < 0.001), ascending aorta diam-
eter Z-score (OR, 0.56 (95% CI, 0.46-0.67), P < 0.001)
and aortic isthmus diameter Z-score measured in the
3VT (OR, 0.56 (95% CI, 0.46-0.67), P <0.001) and
sagittal (OR, 0.49 (95%CIL, 0.36-0.68), P <0.001)
views were inversely associated with CoA. Aortic isth-
mus/ascending aorta diameter ratio (P=0.2), tricuspid
valve diameter Z-score (P = 0.14), pulmonary valve diam-
eter Z-score (P=0.3), pulmonary artery peak velocity
Z-score (P=0.6), ascending aorta peak velocity Z-score
(P=0.9) and arterial duct diameter Z-score (P=0.12)
were not associated with CoA.

Mitral valve and tricuspid valve diameter Z-scores had
an area under the ROC curve (AUC) of 0.46 (95% CI,
0.40-0.52) and 0.56 (95% CI, 0.50-0.62), respectively,
in detecting CoA prenatally, while aortic valve and
pulmonary valve diameter Z-scores had an AUC of 0.43
(95% CI, 0.37-0.48) and 0.49 (95% CI, 0.43-0.56),
respectively. Ascending aorta diameter Z-score had an
AUC of 0.44 (95% CI, 0.39-0.49), while aortic isthmus
diameter Z-score measured in the sagittal and 3VT views
had an AUC of 0.28 (95% CI, 0.21-0.35) and 0.38
(95% CI, 0.33-0.43), respectively.

Unavailable data

We were unable to gather data from 8/25 (32%)
eligible studies. Half of these studies were not included
because we were unable to get in contact with the
authors, despite making multiple attempts (TableS3).
In the remaining four studies, the authors were not
able or willing to share their data because of the time
lapse between the original and the current studies, data
sharing policies or logistical issues. Furthermore, we were
unable to compare the main IPD results with those of
the excluded studies because of the differences in the

© 2024 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley &

evaluated parameters, cut-offs and combinations among
them. A summary of the excluded eligible studies is
presented in TableS7. The main study characteristics
were similar to those of the included studies. Excluded
studies were based at single referral centers, focused on
retrospective cohorts or developed multivariate models
in settings with an incidence of the evaluated outcome
(postnatal CoA) of around 50%. Reported outcomes were
also similar, with most multivariate models achieving
a sensitivity of 80-90% and specificity of 70-80%.
Therefore, we hypothesize that our results would not
have changed significantly if we had included these
studies.

DISCUSSION
Summary of main findings

The findings of this study show that several fetal echocar-
diographic parameters are associated with an increased
risk of postnatal CoA. Lower mitral valve diameter
Z-score, aortic valve diameter Z-score, ascending aorta
diameter Z-score, aortic isthmus diameter Z-score and
aortic isthmus/arterial duct diameter ratio, greater tri-
cuspid valve/mitral valve diameter ratio and pulmonary
artery/ascending aorta diameter ratio and presence of a
hypoplastic aortic arch or bidirectional flow at the fora-
men ovale were all independently associated with an
increased risk for CoA. However, when translating these
figures into diagnostic accuracy, ultrasound showed only
a moderate performance in detecting CoA prenatally.

Implications for clinical practice and research

The prenatal diagnosis of CoA remains challenging?’, and
both false-negative and false-positive cases are of concern.
Diagnosis is inherently difficult due to the lack of knowl-
edge of the true origin of the disease and is instead based
on the subsequent cardiac changes*®. Manifestations in
the second trimester are usually subtle, whereas, in the
third trimester, normal evolution of mild physiological

Ultrasound Obstet Gynecol 2024; 63: 446-456.
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asymmetry may preclude diagnosis, or, conversely, enti-
ties such as blood-flow redistribution may mimic CoA?°.
Furthermore, the third-trimester scan is not universally
recommended and is usually focused on growth evalua-
tion rather than anomaly detection!”. This supports our
finding, also described in the literature, that the earlier the
suspicion for CoA, the more likely it is to be confirmed, as
it probably represents a more severe form of the disease
with manifestations earlier in pregnancy??. However, we
could not fully evaluate the value of screening for CoA in
the second and third trimesters, as some of the included
centers evaluated the scan at which CoA was first
suspected, whereas others focused solely on the last scan
before delivery, without taking into account the moment
of suspicion.

Many isolated parameters have been reported to be
associated with CoA in retrospective series, including
those related to cardiac asymmetry as well as anomalies of
the aortic arch. Our findings are in agreement with those
of most of these studies as well as a recent systematic
review!”, confirming that cardiac asymmetry (reflected
by an increased tricuspid valve/mitral valve diameter
ratio and a lower aortic isthmus/arterial duct diameter
ratio) and a narrow aortic arch (lower aortic isthmus,
aortic valve and ascending aorta diameter Z-scores, and
presence of hypoplastic aortic arch) are associated with
a postnatal diagnosis of CoA. Of note, other proposed
parameters targeting vascular function, such as Doppler
analysis of aortic arch flow and the presence of a posterior
or juxtaductal shelf, did not prove to be effective after
adjusting for GA at evaluation and the presence of a
persistent left superior vena cava. Evaluation of the aortic
arch flow using Doppler?® and other imaging modalities,
such as computational fluid dynamics3! and fetal cardiac
magnetic resonance imaging (MRI)32, has been shown to
improve the fetal diagnosis of CoA by allowing evaluation
of hemodynamics as well as aortic arch anatomy. The
low diagnostic power of Doppler parameters in our study
could be explained by considering the following three
points: first, most studies used ultrasound evaluation at the
first suspicion, in which function may not yet be affected;
second, milder forms of prenatal CoA may not be associ-
ated with vascular dysfunction at any point in pregnancy;
and, third, we could evaluate only some of these param-
eters in a relatively small number of cases. Therefore,
it is possible that flow evaluation could be of use in the
diagnosis of CoA.

On the other hand, we have observed that the presence
of a redundant foramen ovale was associated with a lower
risk of CoA. This parameter is often found in fetuses with
cardiac asymmetry and right dominance (mainly after
28 weeks) in which CoA is not confirmed after birth,
probably owing to a restriction to the blood flow into the
left ventricle because a large part of the left atrial cavity
is occupied by the foramen ovale flap33-34.

Advanced imaging techniques, such as speckle-tracking
analysis, have been shown to improve prenatal diagnosis
by evaluating heart geometry>®, demonstrating that aortic
arch angles may improve diagnostic accuracy. However,

© 2024 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley &

Villalain et al.

these findings have not been replicated in other settings2,
in line with some postnatal studies, which showed that
aortic size is more important than shape when considering
when to intervene again3. Our study focused solely on
‘conventional’ ultrasound and did not have sufficient data
for angle evaluation; therefore, these parameters require
further investigation.

Multivariate models have been proposed in an attempt
to improve diagnostic accuracy over single parameters,
with excellent diagnostic rates and most sensitivity
and specificity values exceeding 80% reported in the
literature?>3%31:37-48 " In our study, models combining
different parameters were not as successful. The presence
of three sonographic parameters at an early GA had a high
specificity (100%) at the expense of low sensitivity (13 %)
and, when there were two or three sonographic parame-
ters, sensitivity improved to a modest 68 %, but specificity
was halved. A major issue in regression models is
collinearity between the assessed variables. We addressed
this issue by including a large sample size and combining
parameters that were conceptually different; however, the
risk of collinearity could not be eliminated completely.
Furthermore, a recent study evaluating Z-score repro-
ducibility found excessive variability between readers
despite good intraobserver agreement for some variables,
such as aortic isthmus diameter®”. Our findings should
be interpreted with caution, as model development was
not the objective of this study. However, they should
serve as a warning about the possible limitations of the
developed models. To our knowledge, only two models
have been validated prospectively to date*?°°, and all
models currently lack external validation.

Finally, regardless of the current limitations associated
with obtaining a correct prenatal diagnosis of CoA, it
should be borne in mind that, in CoA, false positives are
preferable to false negatives. In this sense, the presence of
asymmetry of the chambers and/or great vessels should
raise suspicion of CoA and prompt further evaluation to
refine diagnosis.

Strengths and limitations

To the best of our knowledge, this is the first IPD
meta-analysis exploring the strength of association and
diagnostic accuracy of prenatal ultrasound signs in
detecting CoA. A thorough literature search, the large
number of ultrasound parameters assessed, strict inclusion
of cases presenting solely with isolated four-chamber or
great-vessel disproportion and the computation of both
the strength of association and diagnostic accuracy of
different ultrasound signs in accurately diagnosing CoA
are the main strengths of this study. Lack of evaluation
of some proposed parameters and longitudinal evaluation
of the sonographic parameters explored, heterogeneity
in GA at assessment (which precluded a comprehensive
assessment of the diagnostic accuracy of each parameter in
detecting CoA in different GA windows) and dissimilarity
in the imaging protocols to assess fetuses suspected of
having CoA represent the main weaknesses of this review.

Ultrasound Obstet Gynecol 2024; 63: 446-456.
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Prenatal ultrasound in coarctation of the aorta

Conclusions

According to the results of this IPD meta-analysis, the
most commonly evaluated prenatal sonographic parame-
ters are associated with CoA. However, their predictive
capacity is only moderate, even when used in combination.
Future research should focus on improving and validat-
ing models both prospectively and externally as well as
evaluating the true additional value of computational
fluid mechanics, novel non-standard modalities, such as
Doppler and speckle-derived myocardial mechanics and
fluid vector flow analysis and fetal cardiac MRI.

REFERENCES

1.

2.

10.

11.

12.

14.

15.

16.

18.

19.

20.

21.

22.

© 2024 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley &

Rosenthal E. Coarctation of the aorta from fetus to adult: curable condition or life
long disease process? Heart 2005; 9: 1495-1502.

Sharland GK, Chan KY, Allan LD. Coarctation of the aorta: difficulties in prenatal
diagnosis. Br Heart | 1994; 71: 70-75.

Lydia M, Drose J. Coarctation of the aorta. In Foetal echocardiography (2™ edn),
Drose J (ed). Saunders Elsevier: St Louis, MO, USA, 2010; 184-196.

Garne E, Stoll C, Clementi M; Euroscan Group. Evaluation of prenatal diagnosis
of congenital heart diseases by ultrasound: experience from 20 European registries.
Ultrasound Obstet Gynecol 2001; 17: 386-391.

Galindo A, Herraiz 1, Escribano D, Lora D, Melchor JC, de la Cruz J. Prenatal
detection of congenital heart defects: a survey on clinical practice in Spain. Fetal
Diagn Ther 2011; 29: 287-295.

. Liberman RF, Getz KD, Lin AE, Higgins CA, Sekhavat S, Markenson GR,

Anderka M. Delayed diagnosis of critical congenital heart defects: trends and
associated factors. Pediatrics 2014; 134: e373—-e381.

. Hill GD, Block JR, Tanem JB, Frommelt MA. Disparities in the prenatal detection

of critical congenital heart disease. Prenat Diagn 2015; 35: 859-863.

. Wren C, Reinhardt Z, Khawaja K. Twenty-year trends in diagnosis of life-threatening

neonatal cardiovascular malformations. Arch Dis Child Fetal Neonatal Ed 2008; 93:
F33-F35.

. Mellander M, Sunnegardh J. Failure to diagnose critical heart malformations

in newborns before discharge — an increasing problem? Acta Paediatr 2006; 95:
407-413.

Franklin O, Burch M, Manning N, Sleeman K, Gould S, Archer N. Prenatal diagnosis
of coarctation of the aorta improves survival and reduces morbidity. Heart 2002;
87: 67-69.

Houshmandi MM, Eckersley L, Fruitman D, Mills L, Power A, Hornberger
LK. Fetal Diagnosis is Associated with Improved Perioperative Condition of
Neonates Requiring Surgical Intervention for Coarctation. Pediatr Cardiol 2021;
42:1504-1511.

McFarland CA, Truong DT, Pinto NM, Minich LL, Burch PT, Eckhauser AW,
Lal AK, Molina KM, Ou Z, Presson AP, May L]. Implications of Left Ventricular
Dysfunction at Presentation for Infants with Coarctation of the Aorta. Pediatr
Cardiol 2021; 42: 72-77.

. Stodki M, Rizzo G, Augustyniak A, Seligman NS, Zych-Krekora K,

Respondek-Liberska M; International Prenatal Cardiology Collaboration Group.
Retrospective cohort study of prenatally and postnatally diagnosed coarctation of
the aorta (CoA): prenatal diagnosis improves neonatal outcome in severe CoA.
J Matern Fetal Neonatal Med 2020; 33: 947-951.

Jung E, Won HS, Lee PR, Kim A, Park IS. Clinical implication of isolated right
dominant heart in the fetus. Prenat Diagn 2007; 27: 695-698.

Slodki M, Rychik J, Moszura T, Janiak K, Respondek-Liberska M. Measurement of
the great vessels in the mediastinum could help distinguish true from false-positive
coarctation of the aorta in the third trimester. | Ultrasound Med 2009; 28:
1313-1317.

Stos B, Le Bidois J, Fermont L, Bonnet D. Le diagnostic anténatal de la coarctation de
Paorte est-il possible? [Is antenatal diagnosis of coarctation of the aorta possible?].
Arch Mal Coeur Vaiss 2007; 100: 428—-432.

. Familiari A, Morlando M, Khalil A, Sonesson SE, Scala C, Rizzo G, Del

Sordo G, Vassallo C, Elena Flacco M, Manzoli L, Lanzone A, Scambia G,
Acharya G, D’Antonio F. Risk Factors for Coarctation of the Aorta on Prenatal
Ultrasound: A Systematic Review and Meta-Analysis. Circulation 2017; 135:
772-785.

Schneider C, McCrindle BW, Carvalho JS, Hornberger LK, McCarthy KP, Daubeney
PE. Development of Z-scores for fetal cardiac dimensions from echocardiography.
Ultrasound Obstet Gynecol 2005; 26: 599-605.

Pasquini L, Mellander M, Seale A, Matsui H, Roughton M, Ho SY, Gardiner HM.
Z-scores of the fetal aortic isthmus and duct: an aid to assessing arch hypoplasia
[Erratum in Ultrasound Obstet Gynecol 2007; 30: 366]. Ultrasound Obstet Gynecol
2007;29: 628-633.

Glas AS, Lijmer JG, Prins MH, Bonsel GJ, Bossuyt PM. The diagnostic odds ratio: a
single indicator of test performance. | Clin Epidemiol 2003; 56: 1129-1135.

Rutter CM, Gatsonis CA. A hierarchical regression approach to meta-analysis of
diagnostic test accuracy evaluations. Stat Med 2001; 20: 2865-2884.
Gomez-Montes E, Herraiz I, Gomez-Arriaga P, Escribano D, Mendoza A, Galindo A.
Gestational age-specific scoring systems for the prediction of coarctation of the aorta.
Prenat Diagn 2014; 34: 1198-1206.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

455

Bradburn MJ, Deeks ]J, Berlin JA, Russell Localio A. Much ado about nothing: a
comparison of the performance of meta-analytical methods with rare events. Stat
Med 2007; 26: 53-77.

Higgins JPT, Green, S. Cochrane Handbook for Systematic Reviews of Interventions.
The Cochrane Collaboration; 2011. Available from: www.cochrane-handbook.org.
Friedrich JO, Adhikari NK, Beyene J. Inclusion of zero total event trials in
meta-analyses maintains analytic consistency and incorporates all available data.
BMC Med Res Methodol 2007; 7: 5.

Berg C, Kniippel M, Geipel A, Kohl T, Krapp M, Knopfle G, Germer U, Hansmann M,
Gembruch U. Prenatal diagnosis of persistent left superior vena cava and its associated
congenital anomalies. Ultrasound Obstet Gynecol 20065 27: 274-280.

Arya B, Maskatia SA. Coarctation of the aorta: Prenatal assessment, postnatal
management and neonatal outcomes. Semin Perinatol 2022; 46: 151584.
Khapchenkova DS, Senatorova GS. Peculiar features of aortic wall structure among
children with coarctation. Wiad Lek 2020; 73: 789-791.

Wieckowska K, Zych-Krekora K, Stodki M, Respondek-Liberska M. Do umbilical
cord wrapped around the fetal body can mimic signs of aortal coarctation? Prenatal
Cardiology 2016; 1: 82-86.

Maskatia SA, Kwiatkowski D, Bhombal S, Davis AS, McElhinney DB, Tacy TA,
Algaze C, Blumenfeld Y, Quirin A, Punn R. A Fetal Risk Stratification Pathway
for Neonatal Aortic Coarctation Reduces Medical Exposure. | Pediatr 2021; 237:
102-108.¢e3.

Wang H, Lei W, Liu ], Yang B, Li H, Huang D. The Diastolic and Systolic
Velocity-Time Integral Ratio of the Aortic Isthmus Is a Sensitive Indicator of Aortic
Coarctation in Fetuses. | Am Soc Echocardiogr 2019; 32: 1470-1476.

Lloyd DFA, van Poppel MPM, Pushparajah K, Vigneswaran TV, Zidere V, Steinweg J,
van Amerom JFP, Roberts TA, Schulz A, Charakida M, Miller O, Sharland G,
Rutherford M, Hajnal JV, Simpson JM, Razavi R. Analysis of 3-Dimensional Arch
Anatomy, Vascular Flow, and Postnatal Outcome in Cases of Suspected Coarctation
of the Aorta Using Fetal Cardiac Magnetic Resonance Imaging. Circ Cardiovasc
Imaging 2021; 14: e012411.

Vena F, Donarini G, Scala C, Tuo G, Paladini D. Redundancy of foramen ovale flap
may mimic fetal aortic coarctation. Ultrasound Obstet Gynecol 20205 56: 857-863.
Peng R, Zheng Q, He M, Shang J-H, Xie H-N. Comparisons of foramen ovale flap in
the fetuses with true and false positive diagnosis of coarctation of the aorta. Quant
Imaging Med Surg 20225 12: 2303-2310.

DeVore GR, Jone PN, Satou G, Sklansky M, Cuneo BF. Aortic Coarctation: A
Comprehensive Analysis of Shape, Size, and Contractility of the Fetal Heart. Fetal
Diagn Ther 2020; 47: 429-439.

Quail MA, Segers P, Steeden JA, Muthurangu V. Correction to: The aorta after
coarctation repair — effects of calibre and curvature on arterial haemodynamics.
J Cardiovasc Magn Reson 2019; 21: 31.

Arya B, Bhat A, Vernon M, Conwell ], Lewin M. Utility of novel fetal
echocardiographic morphometric measures of the aortic arch in the diagnosis of
neonatal coarctation of the aorta [Erratum in Prenat Diagn 2018; 38: 798]. Prenat
Diagn 2016; 36: 127-134.

Gomez-Montes E, Herraiz I, Mendoza A, Escribano D, Galindo A. Prediction of
coarctation of the aorta in the second half of pregnancy. Ultrasound Obstet Gynecol
2013; 41: 298-305.

Durand I, Deverriere G, Thill C, Lety AS, Parrod C, David N, Barre E, Hazelzet T.
Prenatal Detection of Coarctation of the Aorta in a Non-selected Population:
A Prospective Analysis of 10 Years of Experience. Pediatr Cardiol 2015; 36:
1248-1254.

Contro E, Cattani L, Balducci A, Prandstraller D, Perolo A, Larcher L, Reggiani
MLB, Farina A, Donti A, Gargiulo GD, Pilu G. Prediction of neonatal coarctation of
the aorta at fetal echocardiography: a scoring system. | Matern Fetal Neonatal Med
20225 35: 4299-4305.

Deiros-Bronte L, Diez-Sebastian J, Rodriguez Gonzalez R, Uceda Galiano A, De La
Calle M, Gutiérrez-Larraya Aguado F. Prenatal Diagnosis of Aortic Coarctation:
Prediction Algorithm according to Gestational Age. Fetal Diagn Ther 2021; 48:
819-828.

Freeman K, Kronmal R, Clouse M, Conwell ], Bhat A, Young L, Lewin M, Arya B.
Validation of Prenatal Aortic Arch Angle Measurements in the Diagnosis of Neonatal
Coarctation of the Aorta. Pediatr Cardiol 2021; 42: 1365-1371.

Jowett V, Aparicio P, Santhakumaran S, Seale A, Jicinska H, Gardiner HM.
Sonographic predictors of surgery in fetal coarctation of the aorta. Ultrasound
Obstet Gynecol 2012; 40: 47-54.

Marginean C, Mirginean CO, Muntean I, Toganel R, Voidazan S, Gozar L. The role
of ventricular disproportion, aortic, and ductal isthmus ultrasound measurements
for the diagnosis of fetal aortic coarctation, in the third trimester of pregnancy. Med
Ultrason 2015; 17: 475-481.

Anuwutnavin S, Satou G, Chang RK, DeVore GR, Abuel A, Sklansky M. Prenatal
Sonographic Predictors of Neonatal Coarctation of the Aorta. | Ultrasound Med
20165 35:2353-2364.

Toole BJ, Schlosser B, McCracken CE, Stauffer N, Border WL, Sachdeva R.
Importance of Relationship between Ductus and Isthmus in Fetal Diagnosis of
Coarctation of Aorta. Echocardiography 20165 33: 771-777.

Power A, Nettel-Aguirre A, Fruitman D. Fetal Right Ventricular Prominence:
Associated Postnatal Abnormalities and Coarctation Clinical Prediction Tool. Pediatr
Cardiol 2017; 38: 1471-1477.

Morgan CT, Mueller B, Thakur V, Guerra V, Jull C, Mertens L, Friedberg M,
Golding F, Seed M, Miner SES, Jaeggi ET, Manlhiot C, Nield LE. Improving Prenatal
Diagnosis of Coarctation of the Aorta. Can | Cardiol 2019; 35: 453-461.
Moon-Grady AJ, Lee H, Lopez L, Fatusin O, Freud LR, Hogan W, Krishnan A,
McFarland C, Minich LL, Morris SA, Pinto N, Presson AP, Tacy TA, Donofrio MT;
Fetal Heart Society. Fetal Echocardiographic Z Score Pilot Project: Study Design and
Impact of Gestational Age and Variable Type on Reproducibility of Measurements
Within and Across Investigators. ] Am Soc Echocardiogr 2023; 36: 978-997.

Ultrasound Obstet Gynecol 2024; 63: 446-456.

Sons Ltd on behalf of International Society of Ultrasound in Obstetrics and Gynecology.

85U80|7 SUOWIWIOD B8O 8|qedl|dde au Aq pausenob a1e Ssolie YO 8sn JO S3|Nn1 10} Aeiq18ul|uO 8|1 UO (SUONIPUOD-PUB-SWLBIW0D A8 | 1M ATeIq 1 BU1 UO//:SANY) SUORIPUOD pue SWe 1 84} 89S *[120Z/70/6T] U0 A%iqiTaulluo 48| ‘(PepIUes 8p OLBISIUIIN) UOKSIAOLG [eUOITeN 8UeIyo0D Usiueds Aq 9/G/2B0n/z00T 0T/10p/uioo" A8 1w Are.qjputuo uABgoy/:sdny woiy pepeojumod ‘v ‘v20z ‘S0L0697T


http://www.cochrane-handbook.org

456

50.

S1.

52.

53.

54.

Gomez-Montes E, Herraiz Garcia 1, Escribano Abad D, Rodriguez Calvo J, Villalain
Gonzalez C, Galindo Izquierdo A. Application of a Global Multiparameter Scoring
System for the Prenatal Prediction of Coarctation of the Aorta. | Clin Med 2021; 10:
3690.

Rizzo G, Arduini D, Capponi A. Use of 4-dimensional sonography in the measurement
of fetal great vessels in mediastinum to distinguish true- from false-positive
coarctation of the aorta. | Ultrasound Med 20105 29: 325-326.

Gomez-Montes E, Herraiz I, Mendoza A, Escribano D, Martinez-Moratalla Valcarcel
JM, Galindo A. Prenatal prediction of surgical approach for coarctation of the aorta
repair. Fetal Diagn Ther 2014; 35: 27-35.

Beattie M, Peyvandi S, Ganesan S, Moon-Grady A. Toward Improving the Fetal
Diagnosis of Coarctation of the Aorta. Pediatr Cardiol 2017; 38: 344-352.
Kawamura H, Inamura N, Inoue Y, Kawazu Y, Kayatani F, Mitsuda N. Is retrograde
blood flow of aortic isthmus useful for the prenatal screening of coarctation of the

55.

S6.

57.

58.

Villalain et al.

aorta by fetal color Doppler echocardiography? A preliminary study. ] Med Ultrason
(2001) 2018; 45: 431-435.

Patel C, Weeks B, Copel J, Fahey J, Song X, Shabanova V, Ferdman DJ. Fetal
Echocardiographic Measures to Improve the Prenatal Diagnosis of Coarctation of
the Aorta [published online ahead of print, 2018 Dec 13]. Pediatr Cardiol 2018;10
.1007/s00246-018-2040-3.

Edwards LA, Arunamata A, Maskatia SA, Quirin A, Bhombal S, Maeda K, Tacy TA,
Punn R. Fetal Echocardiographic Parameters and Surgical Outcomes in Congenital
Left-Sided Cardiac Lesions. Pediatr Cardiol 2019; 40: 1304-1313.

Fricke K, Liuba P, Weismann CG. Fetal Echocardiographic Dimension Indices:
Important Predictors of Postnatal Coarctation. Pediatr Cardiol 2021; 42: 517-525.
Matsui H, Mellander M, Roughton M, Jicinska H, Gardiner HM. Morphological
and physiological predictors of fetal aortic coarctation. Circulation 2008; 118:
1793-1801.

SUPPORTING INFORMATION ON THE INTERNET

The following supporting information may be found in the online version of this article:

Ll Figure S1 Hierarchical summary receiver-operating-characteristics (HSROC) curves for diagnostic perfor-
mance of tricuspid valve/mitral valve (TV/MV) diameter ratio > 1.4 (a) and TV/MV diameter ratio > 1.6 (b)
for detection of coarctation of aorta. Curves from HSROC model contain a summary operating point (H),
representing summarized sensitivity and specificity point estimates for individual study estimates. - - - -,

95% CI.

Figure S2 Hierarchical summary receiver-operating-characteristics (HSROC) curves for diagnostic perfor-
mance of aortic isthmus diameter Z-score < —2 in sagittal view (a) and in three-vessel-and-trachea view (b)
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Precision diagnostica de la ecografia prenatal en la coartacion adrtica: revision sistematica y
metaanalisis de datos de participantes individuales

RESUMEN
Objetivo. Determinar la precision diagnostica de la ecografia prenatal en la deteccion de la coartacion aortica (CoA).

Meétodos. Se realizo un metaanalisis de datos de participantes individuales para informar sobre la fuerza de la asociacion
y la precision diagnostica de diferentes indicios ecograficos en la deteccion prenatal de la CoA. Se realizaron busquedas
en MEDLINE, EMBASE y CINAHL de estudios publicados entre enero de 2000 y noviembre de 2021. Los criterios
de inclusion fueron fetos con sospecha de CoA aislada, definida como una desproporcion ventricular y/o de grandes
vasos con dominancia derecha en la evaluacion ecografica. Los datos individuales de los participantes fueron obtenidos
por dos equipos destacados. Se utilizaron las directrices PRISMA-IPD y PRISMA-DTA para extraer los datos, y la
herramienta QUADAS-2 para evaluar la calidad y la aplicabilidad. El estandar de referencia fue la CoA, definida como
el estrechamiento del arco aortico, diagnosticado tras el nacimiento. Los parametros mas comunmente evaluados en
ecografia, tanto en modo B como en Doppler, constituyeron la prueba indice. Se calcularon estimaciones resumidas de
la sensibilidad, la especificidad, la razon de momios del diagnostico (RMD) y los cocientes de probabilidad mediante el
modelo jerarquico resumido de las caracteristicas operativas del receptor.

Resultados. La bGsqueda inicial encontr6 72 estudios, de los cuales 25 cumplian los criterios de inclusion. Se incluyeron
17 estudios (640 fetos). En el analisis de regresion logistica de efectos aleatorios, la relacion entre el diametro de la
valvula tricaspide y la valvula mitral >1,4 y >1,6, la relacion entre el diametro del istmo aodrtico y el conducto arterial
<0,7, el arco adrtico hipoplasico (todos P<0,001), la puntuacion estandar (Z-score) del diametro del istmo ao6rtico <—2
en los planos sagital (P=0,003) y de tres vasos-traquea (P=0,001), la relacion entre el el diametro de la arteria pulmonar
y el de la aorta ascendente >1,4 (P=0,048) y el flujo bidireccional en el agujero oval (p = 0,012) se asociaron de forma
independiente con la CoA. El agujero oval redundante se asoci6 inversamente con la CoA (P=0,037). En cuanto a la
precision diagnostica, la relacion entre el diametro de la valvula tricaspide y la valvula mitral >1,4 tuvo una sensibilidad
del 72,6% (IC 95%, 48,2—88,3%), una especificidad del 65,4% (IC 95%, 46,9-80,2%) y una RMD de 5,02 (IC 95%,
1,82-13,9). Los valores de sensibilidad y especificidad fueron, respectivamente, del 75,0% (IC 95%, 61,1-86,0%) y del
39,7% (IC 95%, 27,0-53,4%) para la relacion entre el didmetro de la arteria pulmonar y la aorta ascendente >1.4, del
47,8% (IC 95%, 14,6-83,0%) y del 87,6% (IC 95%, 27.3-99,3%) para una puntuacion estandar del diametro del
istmo aortico <-2 en el plano sagital y del 74,1% (IC 95%, 58,0—-85,6%) y 62,0% (IC 95%, 41,6—78,9%) para una
puntuacion estandar del diametro del istmo a6rtico <—2 en el plano de tres vasos-traquea. El arco adrtico hipoplasico
tuvo una sensibilidad del 70,0% (IC 95%, 42,0-88,6%), una especificidad del 91,3% (IC 95%, 78,6-96,8%) y una
RMD de 24,9 (IC 95%, 6,18-100). El rendimiento diagnostico de la ecografia prenatal en la deteccion de la CoA
no cambio significativamente al considerar multiples parametros categoricos. Cinco de los 11 parametros continuos
evaluados se asociaron de forma independiente con la CoA (todos P<0,001), pero todos tuvieron un rendimiento del
diagnostico de bajo a moderado.

Conclusiones. Varios parametros ecograficos prenatales se asocian a un mayor riesgo de CoA postnatal. Sin embargo,
la precision del diagnostico es solo moderada, incluso cuando se consideran combinaciones de parametros.
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