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Background

Coarctation of the Aorta

• 60-80% of babies present postnatally 

due to failure of detection during 

routine anatomy scans

• Even with prenatal cardiology 

evaluation there is a very high false 

positive rate of up to 40%

Familiari, A. et al. Circulation. 2017

https://www.ncbi.nlm.nih.gov/pubmed/28034902
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Background

• Prenatal diagnosis of coarctation of 

the aorta (CoA) is challenging in utero

• Fetal circulation inhibits accurate 

prenatal diagnosis due to the 

presence of the ductus arteriosus and 

the intricacies of fetal circulation
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Background – Pilot Study

• We published novel morphologic measures of the aortic 
arch to detect coarctation prenatally from 1/2007-1/2014
• N=60

• 40 with prenatal suspicion for CoA, 20 confirmed postnatally
• 20 healthy control fetuses

Arya, B. et al. Prenat Diagn. 2016



Background – Pilot Study
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Results – Pilot Study

• Inter-rater variability using interclass coefficients was 
0.90 for the TAo.DAo and 0.75 for AAo.DAo

• Angles did not vary through gestation 

• A sub group analysis of all fetal echos under 24 weeks 
showed equivalent predictability

Arya, B. et al. Prenat Diagn. 2016



Background – Validation Study

• Given how encouraging our preliminary data was, we 
pursued a validation study to test this model in a new 
cohort of patient

• Our new methodology is very different than what has 
been practiced for decades 

• Thus we felt our small pilot study needed to be validated 
in order to stand up to these more accepted methods 



Hypothesis #1

We hypothesize that our two novel measurements will 
result in more accurate prenatal identification of coarctation 
of the aorta while decreasing the false-positive rate, 
compared to standard measurements



Hypothesis #2

We hypothesize that creating a combined multiregression
model, utilizing our angle measurements and the standard 
measures, would provide better predictive power than 
either method alone



Methods

• Retrospective case control study of fetuses with prenatal 
suspicion for coarctation from 2/2014-9/2018

• Postnatal coarctation was defined as need for 
prostaglandin at the time of surgery



Methods 

• Measurements from 1st prenatal echo included:

• Ascending-descending Ao angle (AAo.DAo) 

• Transverse-descending Ao angle (TAo.DAo)

• Standard measures:
• z-scores of aortic isthmus in the sagittal (AoI-sag) aortic isthmus in the 

three-vessel view (AoI-3VV) and ascending aorta (AAo)  



Methods

• Standard Measures: 3VV-isthmus, ascending aorta



Methods

• Standard Measures: Sagittal-isthmus



Methods

• We calculated the probability of coarctation using our 
previously described multiregression model compared 
to the standard models described by Gomez-Montes

• Models were compared using ROC curves and PPV 
and NPV



Results 

• Thirty five fetuses met inclusion criteria
• 10 controls with normal pre- and post-natal echo were included 

(N=45)

• Coarctation was confirmed in 28/35 neonates

• During the study period, no fetuses with prenatal 
echocardiograms had a missed diagnosis of CoA



Results

Measurement PPV NPV

AAo.DAo+TAo.DAo 79% 83%

AAo+AoI-3VV 86% 60%

AoI-sag+AoI-3VV 78% 85%



Results

AAo-isthmus (3VV) z-scores vs. 
AAo.DOa + TAo.DAo angles

Isthmus(sag) + Isthmus(3VV) z-scores 
vs. AAo.DOa+TAo.DAo angles



Results

• Our data suggests that our angle model is equivalent if 
not slightly improved compared to what is currently 
accepted

• More importantly, a multiregression model combining all 
3 models (consisting of 5 variables) greatly improves the 
predictive power with a PPV of 100% and a NPV of 85% 



Results 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑜𝑜 𝐶𝐶𝑃𝑃𝐶𝐶 =
1

1 + exp −𝐹𝐹

F = −1.2214 + 𝐶𝐶𝑃𝑃𝐴𝐴𝐴𝐴𝑃𝑃𝐴𝐴 ∗ 0.0560 + 𝐶𝐶𝑃𝑃𝐴𝐴3VV ∗ −0.0907 + (𝐶𝐶𝐶𝐶𝑃𝑃 ∗



Conclusion 

• Our study shows that aorta angle measures demonstrate 
a superior probability model compared to more standard 
methods of predicting coarctation

• A combined multiregression model maintains the 
accuracy of diagnosing coarctation (NPV 85%) while 
eliminating false positives (PPV 100%)



Limitations

• Small single center patient population

• Retrospective data – though prenatal measurements still 
blinded to outcome 

• Variation in measurements among different observers –
however inter-rater variability was good 

• No echo measurement is taken in isolation so this 
discounts the effect of other variables on interpretation 



Future Directions

• Make this model a part of standard practice at Seattle 
Children’s Hospital

• Start obtaining prospective data from these patients to 
determine the success of this model in real time

• Consider multi-center studies to assess efficacy in a larger 
population of patients 

• Create a scoring system to use these methods in conjunction 
with other variables
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Potential Questions from first study

• The fetal echo measurements that demonstrated the most 
significant differences between CoA and non CoA subjects were 
measured on the first fetal echo available for each patient and a sub 
group analysis was performed on fetal echos under 24 weeks which 
did not show any difference from the final fetal echo. 

• There was a 50% false positive rate among this group.
• Mean gestational age at final fetal echo was 32 +/- 4 weeks which 

did not differ between CoA and non-CoA patients.
• Mild hypoplasia of the mitral and aortic valves (z-score -2 to -4) did 

not matter. 
• Among non-CoA patients and control patients there was a significant 

difference in the Aao.Dao angle.  

33
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