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Abstract

Objectives—Prenatal diagnosis of critical congenital heart disease, that requiring surgical or 

catheter intervention in the first 30 days of life, allows for delivery at a specialized center which 

can reduce preoperative morbidity and mortality. We sought to identify risk factors for a missed 

prenatal diagnosis of critical congenital heart disease.

Methods—Patients presenting to the Children’s Hospital of Wisconsin with critical congenital 

heart disease from 2007-2013 were included. Those with a prenatal diagnosis were compared to 

those with a postnatal diagnosis.

Results—The cohort included 535 patients with prenatal diagnosis made in 326 (61%). The 

prenatal diagnostic rate improved from 44% in 2007 to 69% in 2013. Independent factors 

associated with a postnatal diagnosis were a lesion that required a view other than a 4 chamber 

view to make the diagnosis (p<0.0001), absence of another organ system anomaly (p<0.0001), and 

living in a higher poverty (p=0.02) or lower population density communities (p=0.002).

Conclusions—While the prenatal diagnostic rate for critical congenital heart disease is 

improving, those living in impoverished or rural communities are at highest risk of not having a 

diagnosis made prenatally. Interventions to improve prenatal detection of congenital heart disease 

should target these vulnerable areas.

Introduction

Malformations of the cardiovascular system remain the leading cause of infant mortality 

from congenital defects1. Those with critical congenital heart disease (CHD), defined as 

disease requiring surgical or catheter based intervention within the first 30 days of life, are at 

highest risk for early mortality. Prenatal detection allows for delivery at a surgical center 

capable of caring for these high risk infants and improves preoperative condition with 

conflicting data on the impact on mortality2-12.

While there are risk factors that increase the risk of CHD and therefore are indications for a 

fetal echocardiogram (i.e. maternal diabetes, family history of CHD), the vast majority of 
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CHD occurs in low risk pregnancies13. As such, routine obstetric ultrasounds are the 

primary mechanism to identify CHD before birth. In spite of near universal performance of 

routine ultrasounds during pregnancy and estimates that over 90% of CHD should be 

detectable by prenatal ultrasound, actual detection rates remain low, ranging from 36-50% in 

the United States13-17. This study sought to determine the prenatal detection rate for critical 

CHD and determine risk factors for failure to make a prenatal diagnosis.

Methods

Population

After approval from the institutional review board, a retrospective chart review was 

performed. All patients presenting to the Children’s Hospital of Wisconsin requiring 

surgical or catheter based intervention at ≤ 30 days of age between January 1, 2007 and 

December 31, 2013 were included. Those with isolated patent ductus arteriosus or non-

structural heart disease, such as congenital complete heart block, were excluded.

Definitions

Socioeconomic variables including median household income, percentage below the poverty 

line and population density were based on the 2010 census data by zip code of the mother’s 

residence at the time of delivery. A population density of <500 people/sq mi was used to 

dichotomize rural and non-rural areas18 for graphical presentation; in analysis the 

continuous variable was used. The types of CHD were divided into three groups based on 

the echocardiographic views required to accurately identify the disease (Figure 1). Group 1 

were those diseases identified by a four chamber view alone, Group 2 were those diseases 

identified by the addition of an outflow tract view, and Group 3 were those diseases 

identified by the need for unique views such as an aortic arch view or color and spectral 

Doppler evaluation of the pulmonary veins. Organ system anomalies were defined as those 

that could potentially be identified on routine obstetric ultrasound as these may impact 

referral for further evaluation prior to delivery.

Statistical analysis

Those with a prenatal diagnosis were compared to those with a postnatal diagnosis using 

Chi-squared for categorical variables or Wilcoxon rank sum test for continuous variables. 

Multivariable logistic regression with backwards elimination was performed to determine 

risk factors for a postnatal diagnosis. Data are presented as number with percent of total or 

mean ± standard deviation. Data analysis was performed using StataIC (StataCorp, College 

Station, Texas) with a p<0.05 considered significant.

Results

The cohort included 535 patients with 326 (61%) having a prenatal diagnosis. The 

percentage of prenatal diagnosis improved over time with 44% in 2007 and 69% in 2013. 

Prenatal diagnostic rates were best in tricuspid atresia (14/14, 100%) and worst in total 

anomalous pulmonary venous connection (1/14, 7%); see Figure 2. Comparison of 

characteristics between those diagnosed prenatally and those diagnosed postnatally can be 
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seen in table 1. In multivariable analysis using the factors seen in Table 1, a lesion that 

required a view other than a 4 chamber view to make the diagnosis (p<0.0001), absence of 

another organ system anomaly (p<0.0001), and living in a higher poverty (p=0.02) or a 

lower population density zip code (p=0.002) were independently associated with a postnatal 

diagnosis of critical CHD. In analysis comparing rural and non-rural communities, if the 

CHD could be defined using the four chamber view alone, there was no significant 

difference in prenatal diagnostic rate between these communities. When outflow tract or 

other more complex views were needed to make the diagnosis, prenatal diagnostic rates 

were significantly lower in rural communities (Figure 3).

Discussion

This study demonstrates an overall improvement in the frequency of prenatal diagnosis of 

critical CHD over time, however there continues to be significant disparity in diagnosis 

between urban and rural communities. When adjusting for the view required for diagnosis 

and presence of other organ system anomalies, those living in impoverished or rural 

communities are at greatest risk for a missed prenatal diagnosis of critical CHD. In our 

study, the disparity between communities was most noticeable in defects that require 

advanced imaging views for accurate diagnosis. Lesions such as aortic stenosis, double 

outlet right ventricle, pulmonary atresia, tetralogy of Fallot, transposition of the great 

arteries, and truncus arteriosus which require an outflow tract view, and coarctation of the 

aorta, interrupted aortic arch, and total anomalous pulmonary venous return which require 

an aortic arch view or color and spectral Doppler imaging were less commonly identified in 

rural communities. It has previously been demonstrated that screening for CHD with only a 

4 chamber view is insufficient and results in a sensitivity of only 40% for detection of 

CHD19. Recent changes to the guidelines for performance of obstetric ultrasound screening 

recognize this limitation, as routine evaluation of both the left and right ventricular outflow 

tract is recommended20.

We speculate that health care personnel working in impoverished, rural areas are less able to 

acquire the new skills required to adequately evaluate the outflow tracts or other complex 

views. This is likely a result of the rural location with greater isolation from peers and less 

ability to pursue further training in both image acquisition and interpretation. Training 

programs for those performing screening ultrasounds in the United Kingdom and Sweden 

have demonstrated a significant improvement in the detection of congenital heart 

disease21-24. This improvement has been demonstrated with minimal investment of time, 

with some programs lasting only 1-3 days23,24. Our data suggest that training programs in 

detection of CHD by screening obstetric ultrasound should be targeted to these 

impoverished, rural communities for the greatest impact. Supervision of imaging and 

specialized training on normal findings for more complex views has been demonstrated to 

be effective by Evans et al and could be a focus for continuing education25.

Recently, the United States Department of Health and Human Services recommended 

universal pulse oximetry screening for all neonates in an effort to improve early detection of 

CHD26. However, prenatal diagnosis offers the distinct advantage of allowing for delivery at 

a specialized cardiac care center. Morris et al demonstrated that patients with hypoplastic 
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left heart syndrome born further from a surgical center were at higher risk for neonatal 

mortality, even independent of prenatal diagnosis11. This likely reflects the inability of those 

physicians and providers in the rural community to appropriately manage a critically ill 

neonate because of the equipment and expertise required. While pulse oximetry may 

improve detection, only through prenatal diagnosis can the location of delivery be altered 

and the risk of mortality and preoperative deterioration minimized.

As a retrospective single center cohort study, these data are subject to some limitations. 

Most notably, no data on postnatal mortality prior to presentation at our institutional are 

available. Previous work has shown the number of deaths in Wisconsin from 2002-2006 

from undiagnosed CHD to be less than 2 cases per year and this number is likely to be even 

lower given the improvement in prenatal detection noted over time in our study27. However, 

while postnatal death in undiagnosed patients may have little effect on our study, the rate of 

prenatal termination is unknown and likely more significant. With the inclusion criteria 

used, not all patients with each diagnosis were included, for example only severe forms of 

tetralogy of Fallot, those requiring early intervention, were included. An additional 

limitation is the use of zip codes to determine population density and poverty as there may 

be variation within zip codes.

Conclusions

While the rate of prenatal diagnosis of critical congenital heart disease has improved over 

time, those residing in impoverished, rural communities remain at greatest risk of being 

diagnosed postnatally. This difference in diagnostic rate is most notable for diagnoses 

requiring the outflow tract view and other more complex imaging. Additional training 

efforts targeted to these vulnerable communities may have the most significant impact.
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What’s known:

• Diagnostic rates for congenital heart disease prior to delivery are suboptimal and 

influenced by socioeconomic factors

What’s new:

• Prenatal diagnostic rates for critical congenital heart disease are worse in 

impoverished rural communities

• The effect is more notable when advanced views are required to make the 

diagnosis
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Figure 1. 
Division of groups based on echocardiographic view required for diagnosis
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Figure 2. 
Frequency of prenatal diagnosis by lesion. DILV – Double inlet left ventricle, AVSD – 

atrioventricular septal defect, HLHS – hypoplastic left heart syndrome, PA/IVS – pulmonary 

atresia with intact ventricular septum, DORV – double outlet right ventricle, IAA – 

interrupted aortic arch, TOF – tetralogy of Fallot, TGA – transposition of the great arteries, 

TAPVR – total anomalous pulmonary venous return
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Figure 3. 
Prenatal diagnostic rate by view required to make the lesion and by rural versus urban 

community
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Table 1

Comparison of prenatal and postnatal diagnosis groups

Prenatal
n = 326

Postnatal
n = 209 p value

Married, n (%) 203 (63%) 111 (54%) 0.04

Gravidity, n (%) 0.12

 1 101 (31%) 57 (28%)

 2 80 (25%) 65 (32%)

 3 62 (19%) 30 (15%)

 >3 81 (25%) 49 (24%)

Male fetus, n (%) 185 (57%) 128 (61%) 0.3

Race/Ethnicity, n (%) 0.16

 Black/African American 30 (9%) 17 (8%)

 Hispanic 38 (12%) 21 (10%)

 White/Caucasian 227 (70%) 138 (66%)

 Other 31 (9%) 33 (16%)

View required for diagnosis, n (%) <0.001

 4 chamber view 156 (48%) 28 (13%)

 Outflow tract view 117 (36%) 91 (44%)

 Other 53 (16%) 90 (43%)

Other anomaly present, n (%) 70 (21%) 16 (8%) <0.001

Private insurance, n (%) 219 (68%) 126 (63%) 0.23

Percent below poverty 13.5 ± 9.8 14.1 ± 9.7 0.19

2518 ± 1935 ±

Population density (people/sq mi) 3338 3020 <0.001
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