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ABSTRACT 

Background: The prenatal diagnosis of coarctation of aorta (CoA) remains a major challenge, as the false-positive 
diagnosis is fairly common. The purpose of this study was to find some useful prenatal sonographic markers 
compatible with the postnatal diagnosis of CoA. 
Methods: The study included fetuses suspected of CoA in the second and third-trimester ultrasound tests. All cases 
were examined by fetal echocardiography at a single ultrasound clinic between 2019 and 2020. The proportion of right 
and left ventricular size was assessed and ductal/isthmus diameter ratio was measured. A comparison was drawn 
between the results of neonates with neonatal CoA and neonates without CoA. 
Results: Of 20 fetuses with suspected prenatal CoA, 3 (15%) had neonatal CoA. The mean ductal/isthmus ratio was 
significantly higher in the neonates with CoA (1.96 vs. 1.46; p< 0.001). The diagnostic power of ductal/isthmus ratio to 
detect CoA with a cut point of 1.53 had a sensitivity and specificity of 100% and 70.6%, respectively, a positive and 
negative predictive value of 37.5% and 100%, respectively, and an overall accuracy of 75%. 
Conclusion: The ductal/isthmus ratio diameter and ventricular disproportion are significant sonographic markers for 
the prenatal diagnosis of CoA, and the ductal/isthmus ratio has high sensitivity and specificity compared to postnatal 
findings. 
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Introduction 

Coarctation of the aorta (CoA) is one of the most 
frequent congenital heart defects that account for 
about 8% of all cardiac defects (1). The incidence of 
CoA was estimated at 4/10000 neonates (2). 
Despite advancements in screening techniques and 
fetal echocardiography, prenatal and neonatal 
diagnosis of CoA is still difficult, and linked to high 
morbidity and mortality (3). True positive 
detection rates of CoA in prenatal screening have 
already been reported to be less than 50% (4). 

Prenatal diagnosis of CoA is particularly 
important because it can significantly reduce the 

risk of fatal complications, such as aortic rupture, 
endocarditis, and intracranial hemorrhage, by 
ensuring required management such as delivery 
in a center equipped with the neonatal intensive 
care unit (NICU), timely treatment, or surgery (5). 
Although hypoplastic aortic valve, ventricular 
septal defect, transverse arch hypoplasia, and 
isthmic hypoplasia are all proven risk factors for 
CoA, their predictive power of surgery has been 
estimated to be less than 65% (4,6–8). 

Several studies have attempted to find some 
prenatal sonographic markers for the prediction 
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of neonatal CoA, finding that these criteria alone 
have a low diagnostic value, which is even less 
accurate in the third trimester of pregnancy (9–
12). Therefore, it is essential to have some 
prenatal sonographic indicators that can properly 
identify high-risk fetuses for neonatal CoA and are 
easily recognized by routine prenatal screening 
exams. In the present study, we investigated the 
diagnostic value of various ultrasound markers in 
the prenatal diagnosis of neonatal CoA, given the 
relevance of prenatal diagnosis of neonatal CoA 
and the current diagnostic challenges. 

 

Methods 
A prospective cohort study was conducted on 

twenty pregnant women with a gestational age of 
18 to 38 weeks whose fetuses were suspected of 
aortic coarctation. They were referred to a tertiary 
ultrasound clinic from March 2019 to March 2020. 
The sample size was calculated as described in the 
study of E Gómez-Montes. They reported a 
sensitivity of 76% for the cut point of 1.6 or higher 
for the ductal/isthmus ratio. The sample size was 
calculated using the Cochran formula with CI=f 
95%. The sampling was conducted using the 
convenience sampling method. The inclusion 
criterion was a gestational age of 18 to 28 weeks. 
The mothers who could not be reached during the 
study or their fetuses had other congenital heart 
diseases were excluded.  

All fetuses were examined by a team of 
specialists including a radiologist and a pediatric 
cardiologist. The scan was carried out by a 
Samsung WS80 system (South Korea 2018) 
equipped with 4-7 MHz curvilinear transducer. In 
the four-chamber view of fetal echocardiography, 
the transverse diameter of the right and left 
ventricles at the atrioventricular valve was 
measured and ventricular disproportion was 
assessed. Furthermore, in the three-vessel tracheal 
view (3VT), isthmus diameter and ductal/isthmus 
diameter ratio (D/I) were measured.  

The fetuses received follow-up ultrasounds 
until birth. After delivery, all newborns were 
studied by echocardiography in a referral center. 
Abnormal findings of prenatal and postnatal 
echocardiograms were reviewed and compared, 
and finally the diagnostic accuracy of prenatal 
ultrasound was determined. 

The study checklist, including demographic 
information and other variables, was completed 
by the pediatric cardiologist. The data was 
analyzed by IBM SPSS software version 22.0 (SPSS 
Inc., Chicago, IL, USA). The normality of data 
distribution was first assessed using the Shapiro–

Wilk test and the Mann-Whitney test was used for 
nonparametric data. P-value<0.05 was considered 
statistically significant. Roc curve and Cohen's 
kappa coefficient were used to determine the cut 
point of the ductal/isthmus ratio.  

The patients completed an informed consent 
form. Moreover, the study protocols, consistent  
with Helsinki Declaration guidelines, were  
fully approved by the Ethics Committee of  
the Islamic Azad University of Medical 
Sciences(#IR.IAU.MSHD.REC.1398.043). 

 

Results 
Twenty fetuses (12 males and 8 females) 

suspected of CoA were enrolled in the study. The 
mean age of the pregnant women was 31.55 ± 
5.24 years (22-45 years) and the mean gestational 
age was 26.05 ± 7.63 weeks (18-38 weeks). Of the 
20 fetuses, 3 (15%) had neonatal CoA (true-
positive group), and 17 (85%) did not have 
neonatal CoA (false-positive group). 

As illustrated in Table 1, there were no 
significant differences between CoA and non-CoA 
groups in terms of maternal age (p=0.682), 
gestational age (p= 0.078), sex (p= 0.242), 
consanguineous marriage (p= 0.074), and 
additional cardiac anomalies (p= 0.14). 

The right ventricle was dominant in 100% of 
neonates in the CoA group, whereas it  
was dominant only in 94.1% of neonates in the 
non-CoA group. Nevertheless, the difference was 
not statistically significant (p=1). The  
mean ductal/isthmus ratio was significantly 
higher in neonates with CoA than those without 
CoA (p< 0.001). 

The ROC analysis of the ductal/isthmus ratio 
revealed an AUC of 0.902 (CI=95%, 0.72–1.00; p< 
0.05). The optimum cut-off point in the diagnosis 
of CoA, with the highest sensitivity and specificity, 
is 1.53. The diagnostic power of ductal/isthmus 
ratio in detecting CoA at a cut-off point of 1.53 had 
sensitivity and specificity of 100% and 70.6%, 
respectively, a positive and negative predictive 
value of 37.5% and 100%, respectively, and an 
overall accuracy of 75% (Table 2).  

The overall diagnostic accuracy of the 
ductal/isthmus ratio in the diagnosis of CoA was 
100% in women above 30 years of age, and 44.4% 
in women younger than 30 years. In addition, the 
overall accuracy of the ductal/isthmus ratio in the 
diagnosis of CoA was 75% in both boys and girls. 
According to the gestational age, the overall 
accuracy of the ductal/isthmus ratio in the 
diagnosis of CoA was 100% (p= 0.001) below 30 
weeks and 37.5% above 30 weeks.  

https://pubmed.ncbi.nlm.nih.gov/?term=G%C3%B3mez-Montes+E&cauthor_id=22744957
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Table 1. Different parameters in fetuses with/without postnatal CoA 

Characteristics 
Postnatal CoA 

P-value 
Yes (N: 3) No (N: 17) 

Maternal age (year) 32.66 ± 4.51 31.35 ± 5.47 0.682 
Gestational age (weeks) 19.33 ± 2.31 27.23 ± 7.65 0.078 
Gender (Male) 3 (100%) 9 (52.9%) 0.242 
Consanguineous marriage 0 (0%) 11 (64.7%) 0.074 
Cardiac disease in a previous child 1 (33.3%) 0 (0%) 0.15 
Additional cardiac anomalies 2 (66.7%) 3 (17.6%) 0.14 
Ventricular disproportion 3 (100%) 16 (94.1%) 1 
Ductal/isthmus ratio 1.96 ± 0.41 1.46 ± 0.12 < 0.001 

 
Table 2. The diagnostic value of the ductal/isthmus ratio in the diagnosis of CoA according to the study variables 

Variable 

T
ru

e-
p

o
si

ti
ve

 

F
al

se
-p

o
si

ti
v

e 

T
ru

e-
n

eg
at

iv
e 

F
al

se
-n

eg
at

iv
e 

Se
n

si
ti

vi
ty

 

Sp
ec

if
ic

it
y 

P
P

V
 

N
P

V
 

P
o

si
ti

v
e 

p
ro

b
ab

il
it

y
 

N
eg

at
iv

e 
p

ro
b

ab
il

it
y

 

O
v

er
al

l a
cc

u
ra

cy
 Kappa 

C
o

ef
fi

ci
en

t 

P
-v

al
u

e 

Total 3 5 12 0 100% 70.6% 37.5% 100% 3/4 0 75% 0.419 0.021 

Age 
<30 1 5 3 0 100% 37.5% 16.7% 100% 1/6 0 44.4% 0.118 0.453 
>30 2 0 9 0 100% 100% 100% 100% - 0 100% 1 0.001 

Sex 
Boy 3 3 6 0 100% 66.7% 50% 100% 3 0 75% 0.5 0.046 
Girl 0 2 6 0 0 75% 0 100% 0 1/33 75% - - 

Gestational age 
<30 3 0 9 0 100% 100% 100% 100% - 0 100% 1 0.001 
>30 0 5 3 0 0 37.5% 0 100% 0 2/66 37.5% - - 

Consanguineous 
marriage 

No 3 2 4 0 100% 66.7% 60% 100% 3 0 77.7% 0.571 0.058 
Yes 0 3 8 0 0 72.7% 0 100% 0 1/37 72.7% - - 

Cardiac disease in 
previous children 

No 2 5 12 0 100% 70.6% 28.6% 100% 3/4 0 73.6% 0.336 0.05 
Yes 1 0 0 0 100% - 100% - - - 100% - - 

 

Discussion 
This study was conducted to evaluate the 

diagnostic value of prenatal ultrasound markers 
in predicting the neonatal diagnosis of CoA. The 
CoA diagnosis was confirmed postnatally in three 
cases (15%) out of 20 fetuses. There was no 
significant difference between neonates with 
 and without CoA in terms of maternal age, 
neonatal sex, gestational age, consanguineous 
marriage, cardiac disease in previous  
children, additional anomalies, and ventricular 
disproportion, but the mean ductal/isthmus ratio 
was significantly higher in patients with CoA 
than in patients without CoA. The results 
demonstrated that the diagnostic power of 
ductal/isthmus ratio in detecting CoA at a cut-off 
point of 1.53had sensitivity and specificity of 
100% and 70.6%, respectively, a positive and 
negative predictive value of 37.5% and 100%, 
respectively, and overall accuracy of 75%. 

In a study by Gomez-Montes et al. on 
predicting CoA in the second trimester of 
pregnancy, 85 fetuses were diagnosed to be 
suspected of prenatal CoA based on sonographic 
findings (12). This study was performed in two 
groups. The first group had a gestational age of 
28 weeks, of whom 32 (80%) were diagnosed 

with neonatal CoA, whereas the second group had 
a gestational age of >28 weeks, of whom 9 (20%) 
were diagnosed with neonatal CoA (12). In the 
present study, all fetuses with neonatal CoA had a 
gestational age of below 20 weeks. The normal 
neonates and the postnatal CoA group were 
significantly different in terms of gestational age. 
Although P-value was not statistically significant, 
it might influence results and should be 
considered in future studies. It is suggested to 
divide cases into two groups according to 
gestational age.  

In a study by Mărginean et al., 32 fetuses with 
a gestational age of 32 to 39 weeks were 
evaluated for ventricular disproportion, aortic 
diameter, and ductal/isthmus diameter for the 
diagnosis of fetal CoA (13).  

The cut-off point of the ductal/isthmus ratio 
for CoA detection was estimated at 1.4, which is 
close to the cut-off point obtained in the present 
study (1.53). Both findings suggest the importance 
of this ultrasound indicator in suspicious fetuses. 

In the same vein, Anuwutnavin et al. evaluated 
35 fetuses with prenatal suspicion of CoA, of 
whom the diagnosis of neonatal CoA was 
confirmed in 25% of cases (14). Also, in our study, 
15% out of 20 fetuses with prenatal suspicion of 
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CoA had neonatal CoA. These results are aligned 
with the study by Buyens et al., who reported that 
despite growing research on approaches for 
prenatal detection of CoA, the ultrasound markers 
remain a challenge to correct diagnosis of CoA in 
prenatal life (15). 

In a similar study, Jowett et al. used four 
sonographic parameters for the assessment of 
fetuses suspected of CoA, including isthmus 
diameter, isthmus/ductal ratio, visualization of 
CoA shelf, and the isthmus flow disturbance (7). 
They concluded that a combination of these four 
sonographic parameters improves diagnostic 
accuracy to 86% for the detection of true neonatal 
that requires perinatal surgery (7). Although only 
one of these markers was investigated in this 
study, the diagnostic accuracy calculated is similar 
to that of the above study. 

 

Conclusion 
According to our findings, only 15% of fetuses 

with prenatal suspicion of CoA had neonatal CoA 
and the ductal/isthmus ratio in patients with CoA 
was significantly higher than those without CoA. 
The diagnostic power of ductal/isthmus ratio in 
the detection of CoA at a cut-off point of 1.53, had 
sensitivity and specificity of 100% and 70.6%, 
respectively, a positive and negative predictive 
value of 37.5% and 100%, respectively, and 
overall accuracy of 75%. Therefore, although 
diagnostic accuracy (particularly the positive 
predictive value and specificity) is not 
satisfactory, fetal ultrasound is promising for the 
prenatal detection of CoA and further studies are 
warranted to search for new ultrasound 
parameters with a larger sample size. 

 

Acknowledgments 
None 
 

Conflicts of interest 
None 
 

References 
1. Rao PS. Neonatal (and Infant) coarctation of the 

aorta: management challenges. Res Rep Neonatol. 
2020; 10:11.  

2. Hede SV, DeVore G, Satou G, Sklansky M. Neonatal 
management of prenatally suspected coarctation of 
the aorta. Prenat Diagn. 2020;40(8):942–8.  

3. Contro E, Cattani L, Balducci A, Prandstraller D, 
Perolo A, Larcher L, et al. Prediction of neonatal 

coarctation of the aorta at fetal echocardiography: a 
scoring system. J Matern Fetal Neonatal Med. 
2020;1–10.  

4. Morgan CT, Mueller B, Thakur V, Guerra V, Jull C, 
Mertens L, et al. Improving prenatal diagnosis of 
coarctation of the aorta. Can J Cardiol. 
2019;35(4):453–61.  

5. 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(1):67–9.  

6. Familiari A, Morlando M, Khalil A, Sonesson S-E, Scala 
C, Rizzo G, et al. Risk factors for coarctation of the 
aorta on prenatal ultrasound: a systematic review 
and meta-analysis. Circulation. 2017;135(8):772–85.  

7. 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(1):47–54.  

8. Durand I, Deverriere G, Thill C, Lety AS, Parrod C, 
David N, et al. Prenatal detection of coarctation of 
the aorta in a non-selected population: a 
prospective analysis of 10 years of experience. 
Pediatr Cardiol. 2015;36(6):1248–54.  

9. Kailin JA, Santos AB, Yilmaz Furtun B, Sexson Tejtel 
SK, Lantin-Hermoso R. Isolated coarctation of the 
aorta in the fetus: A diagnostic challenge. 
Echocardiography. 2017;34(12):1768–75.  

10. Hunter LE, Pushparajah K, Miller O, Anderson D, 
Simpson JM. Prenatal diagnosis of left ventricular 
diverticulum and coarctation of the aorta. 
Ultrasound Obstet Gynecol. 2016;47(2):236–8.  

11. Slodki M, Rizzo G, Augustyniak A, Seligman NS, 
Zych-Krekora K, Respondek-Liberska M, et al. 
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(6):947–51.  

12. E Gómez-Montes, I Herraiz, A Mendoza, D Escribano, 
A Galindo. Prediction of coarctation    of the aorta in 
the second half of pregnancy. Ultrasound Obstet 
Gynecol. 2013; 41(3):298-305.  

13. Mărginean C, Mărginean CO, Muntean I, Togănel R, 
Voidăzan 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(4):475–81.  

14. Anuwutnavin S, Satou G, Chang R-K, DeVore GR, 
Abuel A, Sklansky M. Prenatal sonographic 
predictors of neonatal coarctation of the aorta. J 
Ultrasound Med. 2016;35(11):2353–64.  

15. Buyens A, Gyselaers W, Coumans A, Al Nasiry S, 
Willekes C, Boshoff D, et al. Difficult prenatal 
diagnosis: fetal coarctation. Facts Views Vis ObGyn. 
2012;4(4):230.

  
 

https://pubmed.ncbi.nlm.nih.gov/?term=G%C3%B3mez-Montes+E&cauthor_id=22744957
https://pubmed.ncbi.nlm.nih.gov/?term=Herraiz+I&cauthor_id=22744957
https://pubmed.ncbi.nlm.nih.gov/?term=Mendoza+A&cauthor_id=22744957
https://pubmed.ncbi.nlm.nih.gov/?term=Escribano+D&cauthor_id=22744957
https://pubmed.ncbi.nlm.nih.gov/?term=Galindo+A&cauthor_id=22744957

