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BACKGROUND: Prenatal detection (PND) has benefits for infants with 
hypoplastic left heart syndrome (HLHS) and transposition of the great 
arteries (TGA), but associations between sociodemographic and geographic 
factors with PND have not been sufficiently explored. This study evaluated 
whether socioeconomic quartile (SEQ), public insurance, race and ethnicity, 
rural residence, and distance of residence (distance and driving time from a 
cardiac surgical center) are associated with the PND or timing of PND, with a 
secondary aim to analyze differences between the United States and Canada.

METHODS: In this retrospective cohort study, fetuses and infants <2 months 
of age with HLHS or TGA admitted between 2012 and 2016 to participating 
Fetal Heart Society Research Collaborative institutions in the United States 
and Canada were included. SEQ, rural residence, and distance of residence 
were derived using maternal census tract from the maternal address at first 
visit. Subjects were assigned a SEQ z score using the neighborhood summary 
score or Canadian Chan index and separated into quartiles. Insurance type 
and self-reported race and ethnicity were obtained from medical charts. We 
evaluated associations among SEQ, insurance type, race and ethnicity, rural 
residence, and distance of residence with PND of HLHS and TGA (aggregate 
and individually) using bivariate analysis with adjusted associations for 
confounding variables and cluster analysis for centers.

RESULTS: Data on 1862 subjects (HLHS: n=1171, 92% PND; TGA: n=691, 
58% PND) were submitted by 21 centers (19 in the United States). In the 
United States, lower SEQ was associated with lower PND in HLHS and TGA, 
with the strongest association in the lower SEQ of pregnancies with fetal 
TGA (quartile 1, 0.78 [95% CI, 0.64–0.85], quartile 2, 0.77 [95% CI, 0.64–
0.93], quartile 3, 0.83 [95% CI, 0.69–1.00], quartile 4, reference). Hispanic 
ethnicity (relative risk, 0.85 [95% CI, 0.72–0.99]) and rural residence (relative 
risk, 0.78 [95% CI, 0.64–0.95]) were also associated with lower PND in TGA. 
Lower SEQ was associated with later PND overall; in the United States, rural 
residence and public insurance were also associated with later PND.

CONCLUSIONS: We demonstrate that lower SEQ, Hispanic ethnicity, 
and rural residence are associated with decreased PND for TGA, with 
lower SEQ also being associated with lower SEQ also being associated 
with decreased PND for HLHS. Future work to increase PND should be 
considered in these specific populations.

Impact of Socioeconomic Status, Race and  
Ethnicity, and Geography on Prenatal 
Detection of Hypoplastic Left Heart Syndrome 
and Transposition of the Great Arteries

ORIGINAL RESEARCH ARTICLE

D
ow

nloaded from
 http://ahajournals.org by on M

ay 17, 2021



Krishnan et al  Disparities in Prenatal Diagnosis of Heart Defects

May 25, 2021 Circulation. 2021;143:2049–2060. DOI: 10.1161/CIRCULATIONAHA.120.0530622050

OR
IG

IN
AL

 R
ES

EA
RC

H 
AR

TI
CL

E

Prenatal diagnosis (PND) reduces morbidity and mor-
tality in hypoplastic left heart syndrome (HLHS) and 
transposition of the great arteries (TGA), 2 of the 

most common critical neonatal cardiac defects.1,2 The 
benefits of PND include perinatal stabilization, coordina-
tion of timely interventions such as catheterization,3 and 
selection of a delivery center in proximity to the tertiary 
care center.4 In HLHS, patients with PND are reported 
to have lower preoperative and postoperative mortal-
ity, shorter hospital stay, and lower rates of acidosis and 
multiorgan dysfunction.2 PND is thought to be associ-
ated with improved longer-term outcomes, including 
better neurodevelopmental outcomes,5 improvements 
in postnatal brain maturation, and decreased risk of 
postnatal brain injury.6 Although the benefits of PND 
have been recognized for decades, it occurs in <60% 
of congenital heart disease (CHD) cases in many regions 
of the United States.7,8 Understanding barriers to PND 
is critical for identifying effective strategies to improve 
holistic care and outcomes for patients with CHD.

Limited data exist that specifically explore the effect 
of social determinants of health on PND of CHD. In 
particular, limited previous studies have demonstrat-
ed that Hispanic ethnicity, lower maternal education, 
lower population density, public and governmental in-
surance, and lower socioeconomic status have been 
associated with lower rate of prenatal detection.9–11 
However, these data have largely been derived from 
single-center or regional investigations, making gen-
eralizability across multiple regions challenging.9 In ad-
dition, the largest study to date on this topic grouped 
all CHDs together, not accounting for the clear vari-
ability in PND by lesion.11

The present study examined a large, multicenter ret-
rospective cohort from 21 North American cardiology 
centers. Our primary aim was to evaluate whether so-
cioeconomic, demographic, or geographic factors are 
associated with lower rates of PND or delayed gesta-
tional age at time of PND of HLHS or TGA in the United 
States. A secondary aim was to examine whether the 
effect (or lack thereof) of socioeconomic, demographic, 
or geographic factors is comparable between the Unit-
ed States and Canada, which have divergent health 
care systems.

METHODS
Study Design
The findings from this study are available from the corre-
sponding author on reasonable request. We conducted a 
multicenter retrospective cohort study performed through 
the Fetal Heart Society Research Collaborative (FHSRC) to 
identify potential socioeconomic, demographic, and geo-
graphic barriers to PND of HLHS and TGA. Twenty-one sites 
in the United States (n=19) and Canada (n=2) participated. 
These sites represented all geographic regions in the United 
States defined by the US Department of Health and Human 
Services. Institutional review board approval was obtained for 
each participating site with a waiver of consent, and a data 
use agreement was established between each site and the 
University of Utah. Data were submitted through an Open 
Clinica Database managed by the Data Collection Center at 
the University of Utah.

Study Population
This study population included prenatally diagnosed 
fetuses with HLHS or TGA and postnatally diagnosed live-
born infants of <2 months of age with HLHS or TGA with 
at least 1 visit recorded in the institutional database of the 
participating FHSRC center with a first hospital encounter 
in the system between January 1, 2012, and December 31, 
2016. These 2 specific CHD lesions were chosen because 
they represent 2 of the most common critical newborn 
CHDs. They also represent both single and biventricu-
lar forms of CHD that require urgent and, in some cases, 
emergent intervention. Furthermore, although HLHS is 
identifiable through 4-chamber imaging, detection of TGA 
requires additional fetal outflow tract views on prenatal 
ultrasound screening and may be more difficult to detect 
prenatally than HLHS.10,11

HLHS was defined as classic forms of this diagnosis (mitral 
and aortic stenosis, mitral stenosis and aortic atresia, and 
mitral and aortic atresia) with an intact ventricular septum 
or double outlet right ventricle with mitral atresia and intact 
ventricular septum, amenable to a stage I palliation or hybrid 
procedure. TGA was defined as D-transposed great arteries 
with D-looped ventricles and concordant ventricular size with 
intact ventricular septum or small muscular ventricular septal 
defect. When possible, the cardiac diagnosis was confirmed 
postnatally or at autopsy.

Exclusion criteria included any of the following: lack of 
confirmation regarding the diagnosis in liveborn patients, 

Clinical Perspective

What Is New?
• This is the largest multicenter study to our knowl-

edge to identify socioeconomic, race or ethnic, and 
geographic barriers to the prenatal detection of 
critical congenital heart disease in North America.

• This study finds that lower socioeconomic position, 
Hispanic ethnicity, and rural residence are associ-
ated with decreased prenatal detection.

What Are the Clinical Implications?
• Clinicians can use the findings of this study to focus 

efforts on improving overall prenatal detection 
rates for congenital heart disease.

• Clinicians can specifically improve health equity in 
prenatal detection of congenital heart disease and 
timing of prenatal detection by improving linkages 
between the tertiary care center and the popula-
tions and regions identified in this study.
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missing maternal address either because of lack of documen-
tation or patient being homeless, or absent documentation 
of whether a case was diagnosed prenatally or postnatally. 
Subjects with anatomic variants of HLHS including critical aor-
tic stenosis without evolution to HLHS or Shones complex, or 
TGA variants with tricuspid atresia, heterotaxy, double out-
let right ventricle, Taussig-Bing anomaly, or hypoplasia of 1 
ventricle or atrioventricular septal defect were also excluded, 
given that their presence may increase or decrease the likeli-
hood of PND. With respect to TGA, we excluded fetuses and 
newborns with (1) a ventricular septal defect larger than a 
small muscular ventricular septal defect, (2) more than mild 
pulmonary stenosis, or (3) coarctation of the aorta.

Study Variables
The primary independent variables were neighborhood socio-
economic quartile (SEQ), neighborhood poverty level >20%, 
neighborhood race or ethnicity distribution, rural residence, at-
risk geographic location (United States–Mexico border, Native 
American reservation, or island home), driving distance to cardiac 
surgical center, driving time to cardiac surgical center, maternal 
insurance, and maternal race or ethnicity. Maternal age, mater-
nal primary language, presence of extracardiac defects, and mul-
tiple-gestation pregnancy were treated as covariates.

SEQ Calculation
For US patients, the SEQ was determined using the neigh-
borhood summary score derived from the maternal census 
tract as described previously by Diez Roux et al.12 For each 
patient, z scores of the neighborhood summary score were 
calculated. The neighborhood summary score was calculated 
by summing 6 elements extracted from each census tract: (1) 
log of median household income, (2) log of median housing 
value, (3) percentage of high school graduates (percentage 
whose highest educational attainment was graduation from 
high school or equivalent for the population ≥25 years of 
age), (4) percentage of college graduates (percentage whose 
highest educational attainment was a bachelor’s degree or 
advanced degree for the population ≥25 years of age), (5) 
percentage of persons ≥16 years of age in executive, mana-
gerial, or professional specialty occupations, and (6) percent-
age of households receiving interest, dividend, or net rental 
income for each patient census tract. A z score was calculated 
for each of these elements on the basis of distribution within 
the data set, and z scores were then summed for each sub-
ject. Subjects were grouped into 4 quartiles on the basis of 
total neighborhood socioeconomic status score, with quar-
tile 4 being the wealthiest. The maternal census tract was 
determined using the first address available in the maternal 
or infant medical chart. Relevant variables for each census 
tract were derived from the 2015 American Community 
Survey data using a CDX Zipstream software package (CDX 
Technologies, Randolph, NJ).

For the Canadian cohort, patients came from the 2 larg-
est centralized fetal cardiology and surgical centers in 2 prov-
inces, Alberta and Ontario. The postal code for the mother 
during pregnancy or the first postal code for the infant on 
record was recorded. The Chan index13 was derived by inves-
tigators at the Canadian centers by extracting variables from 
the Canadian census. These included 22 variables related to 
cultural identities, environmental pollutants, environmental 

injustice studies, and the Pampalon deprivation index. A prin-
cipal component analysis was performed on the 22 variables, 
and then the factor scores were averaged to generate the 
score. These scores were then converted to z scores and cat-
egorized into quartiles to be comparable to the US data.

Additional Neighborhood Characteristics
Neighborhood poverty level, race and ethnic distribution, rural 
designation, and at-risk geographic location were based on 
maternal census tract data derived from the 2015 American 
Community Survey and extracted using the CDX Zipstream 
software. A neighborhood in poverty was designated using a 
cutoff of ≥20%, in accordance with the US Census Bureau.14 
Given that maternal race and ethnicity data were not avail-
able for all subjects, the neighborhood variable of >50% 
Hispanic, non-Hispanic Black, or Native American inhabitants 
was examined as an independent variable. Rural versus urban 
status was based on the US Department of Agriculture 1 to 9 
classification.15 Rural residence was defined as categories 4 to 
9. These variables were not available for Canadian subjects.

Geographic Distance From Maternal Residence to 
Care Center
Distance from maternal address to the surgical center in 
minutes and miles for the US population was calculated 
using the CDX Zipstream software and was provided by the 
Canadian centers and expressed in quartiles. Cases where 
patients were transferred from a surgical hospital near their 
homes to another surgical center were not included in the 
distance analysis.

Determination of Insurance Status
Presence or absence of public insurance was used by the 
maternal or infant insurance type from the medical chart, 
using the earliest available documentation for either the 
fetal or neonatal record. Public insurance was defined as 
Medicare, Medicaid, or a military or government insurance 
plan. For the Canadian provinces of Alberta and Ontario, 
provincial government health services are publicly funded 
and available for the population. Therefore, insurance 
status was not examined in the Canadian subcohort, and 
patients without insurance were not examined in the US 
cohort. Self-pay patients in the United States were not 
included in the analysis. Patients with unknown or undocu-
mented insurance in the chart or missing insurance type in 
the chart were not included in the analysis.

Maternal and Fetal and Infant Characteristics
Maternal age at delivery, race, ethnicity, and primary lan-
guage were derived from individual maternal and infant 
medical charts. Maternal race or ethnicity was not reliably 
available for Canadian subjects. Presence of a multiple gesta-
tion pregnancy and extracardiac defects were also extracted 
from medical charts.

Determination of Primary and Secondary 
Outcomes
The primary outcome of interest was PND. This was defined 
by at least 1 fetal echocardiogram report or clinic visit 
(performed by a pediatric cardiologist) in the participating 
center carrying the fetal diagnosis of TGA or HLHS. When 
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possible, a PND was confirmed postnatally. The secondary 
outcome studied was gestational age at PND (limited to 
prenatally diagnosed patients), as determined by the gesta-
tional age in weeks of the first fetal echocardiogram at the 
participating institution.

Statistical Analysis
Bivariate analyses were performed first overall and then 
stratified by country and diagnosis to determine whether 
there were associations between the primary independent 
variables, covariates, and the primary outcome using χ2 for 
categorical variables and t test or Wilcoxon rank-sum test 
for continuous variables, as appropriate. Adjusted analyses 
using log-binomial regression with robust SEs were then 
performed for each independent variable, stratified by 
country and diagnosis, adjusting for covariates with P≤0.1 
in bivariate analysis and clustering by site using generalized 
estimating equations. Subanalyses were then performed 
evaluating associations between the primary independent 
variables and the secondary outcome of gestational age at 
PND, limiting to those with a PND. These analyses were per-
formed for each variable, stratified by country and diagno-
sis, adjusting for covariates with P≤0.1 in bivariate analysis 
and clustering by site using generalized linear models. All 
analyses were performed using SAS software, version 9.4 
(SAS Institute Inc, Cary, NC).

RESULTS
The study included 1862 patients: 1171 patients with 
HLHS (91.8% prenatally diagnosed) and 691 with TGA 
(58% prenatally diagnosed). Of these, 1582 (85%) were 
from US centers. Of the Canadian patients, 133 had 
HLHS (n=120, 90.2% prenatally diagnosed) and 147 
had TGA (n=84, 57% prenatally diagnosed).  Postna-
tal confirmation was not available for 209 of the 1862 
patients. One hundred thirty-eight did not survive to 
birth (1 miscarriage, 21 intrauterine fetal demise, 114 
termination of pregnancy, 2 unknown). Thirty moved 
from the area before delivery and had unknown birth 
outcomes, and 41 were lost to follow-up. PND was 
significantly more common among those with HLHS 
compared with TGA (91.8% versus 58%; P<0.0001; 
Table 1).

Of the maternal patients in the US cohort, 43% had 
public insurance. We did not include 356 patients in the 
analysis: 339 had an unknown status (260 were from 
1 center without information in the database), 2 were 
unable to be classified, 1 was missing, and 14 were self-
pay). The racial distribution of our cohort was similar to 
that of the US Census distribution.16 Of the US patients, 
13% lived in a rural location as defined by US Depart-
ment of Agriculture classifications 4 to 9.15 A very small 
number of patients were living in an at-risk geographic 
location (n=7). Given this, this variable was not exam-
ined in stratified analyses.

Associations With PND
In unadjusted analyses evaluating the entire cohort, 
socioeconomic variables associated with a lack of 
PND were lower SEQ, rural address, further distance 
in miles or time to a care center, and public insurance 
(Table 1). Younger maternal age was also associated 
with lack of PND, as was singleton pregnancy com-
pared with multiple-gestation pregnancy. When strati-
fying by country and lesion in unadjusted analyses, 
lower SEQ was only associated with lack of PND for 
TGA in the United States (relative risk [RR] for SEQ 1 
versus 4, 0.69 [95% CI, 0.57–0.84]; Table  2). Addi-
tional distance from a care center was associated with 
lack of PND of TGA in the United States, which was 
most significant in the third quartile of distance (RR, 
0.71 [95% CI, 0.58–0.88]; Table 2). Although no as-
sociation between further distance and lack of PND 
of HLHS was noted in the US cohort, an association 
was noted in the Canadian cohort; however, given the 
small numbers, further study is needed.

Adjusted analyses were then performed adjusting 
for maternal age and accounting for hospital clustering. 
Stratified analyses could not be stably adjusted for mul-
tiple gestation pregnancies given the infrequency over-
all, with only 3 patients in the no-PND group. Within 
the United States, adjusted analyses demonstrated that 
PND was 6% less likely (RR, 0.94 [95% CI, 0.9–0.99]) 
among HLHS subjects in the lowest SEQ compared 
with those in the highest SEQ and up to 22% less likely 
(RR, 0.78 [95% CI, 0.64–0.85]) among TGA subjects 
in the lowest SEQ (1) compared with the highest SEQ 
(Table 3). This trend was not observed in the Canadian 
population. In the United States, PND was less common 
among Hispanic mothers compared with non-Hispanic 
White mothers (HLHS: RR, 0.97 [95% CI, 0.94–1.00]; 
TGA: RR, 0.85 [95% CI, 0.72–0.99]) and in those who 
lived in a rural location compared with an urban loca-
tion (RR, 0.78 [95% CI, 0.64–0.95]) in the TGA group. 
In the United States, insurance, Black race, driving dis-
tance, and time to surgical center were not associated 
with prenatal detection in the adjusted analysis. In the 
unadjusted analyses of the Canadian cohort, further 
distance from a care center was associated with a lack 
of PND in HLHS in quartile 3 but not in TGA. For quartile 
4, patients in the United States and Canada may have 
traveled for second opinions after initial fetal diagnosis 
at a site in their region. We queried 5 US centers, and of 
the 181 patients in quartile 4 in those centers, 87.8% 
were second opinions.

Associations With Gestational Age at 
Time of PND
When examining associations between independent 
variables and gestational age at PND, lower SEQ was 
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Table 1. Socioeconomic, Demographic, and Clinical Characteristics of the Cohort, by Prenatal Diagnosis

Demographic and clinical characteristics

Prenatal diagnosis, n (%)

P valueOverall No Yes

No. of participants (%) 1862 386 (20.8) 1473 (79.2)  

Diagnosis <0.0001*

 HLHS 1171 (62.9) 96 (8.2) 1072 (91.8)

 TGA 691 (37.1) 290 (42.0) 401 (58.0)

Socioeconomic characteristics

Socioeconomic status quartile 0.03*

 1 (lowest) 454 (25.0) 98 (21.6) 355 (78.4)

 2 454 (25.0) 102 (22.5) 352 (77.5)

 3 450 (25.0) 99 (22.1) 349 (77.9)

 4 (highest) 459 (25.0) 72 (15.7) 387 (84.3)

Poverty (>20% of census block)† 0.89

 No 1226 (77.8) 243 (19.8) 983 (80.2)

 Yes 349 (22.2) 68 (19.5) 281 (80.5)

Neighborhood population >50% Black or Hispanic† 0.34

 No 1226 (77.9) 236 (19.3) 990 (80.7)

 Yes 348 (22.1) 75 (21.5) 273 (78.5)

Rural location (4–9)†‡ 0.02*

 No 1368 (86.8) 257 (18.8) 1111 (81.2)

 Yes 208 (13.2) 54 (26.0) 154 (74.0)

At-risk geographic location† 1.00

 No 1226 (99.4) 258 (21.0) 968 (79.0)

 Yes 7 (0.6) 1 (14.3) 6 (85.7)

Driving distance to care center, miles 0.002*

 1 (<20) 479 (25.9) 80 (16.7) 398 (83.3)

 2 (20–49) 448 (24.3) 98 (22.0) 348 (78.0)

 3 (50–134) 458 (24.8) 120 (26.2) 338 (73.8)

 4 (≥135) 462 (25.0) 86 (18.6) 376 (81.4)

Driving time to care center, min 0.004*

 1 (<30) 422 (24.4) 66 (15.6) 356 (84.4)

 2 (30–59) 466 (26.9) 94 (20.2) 371 (79.8)

 3 (60–119) 362 (20.9) 95 (26.2) 267 (73.8)

 4 (≥120) 481 (27.8) 100 (20.8) 381 (79.2)

Maternal insurance† 0.01*

 Private 702 (57.3) 121 (17.2) 581(82.8)

 Public§ 524(42.7) 106 (20.2) 418 (79.8)

Maternal characteristics

Maternal race/ethnicity 0.33

 White, non-Hispanic 986 (68.0) 149 (16.1) 776 (83.9)

 Black, non-Hispanic 165 (11.8) 30 (18.7) 130 (81.3)

 Hispanic/Latino 210 (15.3) 43 (20.7) 165 (79.3)

 Asian 58 (3.7) 11 (22.0) 39 (78.0)

 Native American/Alaskan/Pacific Islander 25 (1.3) 5 (27.8) 13 (72.2)

Maternal age, y, mean (SD) 29.1 (5.9) 28.2 (5.7) 29.3 (5.9) 0.008*

English as primary language 0.33

 No 139 (8.0) 30 (21.6) 109 (78.4)

 Yes 1597 (92.0) 291 (18.2) 1305 (81.8)

(Continued )
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associated with later gestational age at PND for both 
HLHS and TGA in both the United States and Canada 
(Table 4). In the United States, public insurance, rural 
residence, and further distance of residence were all as-
sociated with a later gestational age at PND for both 
HLHS and TGA. In quartile 4, this may reflect second 
opinions. In the United States, Hispanic ethnicity was 
associated with later gestational age at diagnosis for 
HLHS. In Canada, further distance of residence in quar-
tile 3 was associated with later gestational age at diag-
nosis for TGA.

DISCUSSION
Our study evaluated a large, geographically diverse 
group of patients to determine associations between 
social determinants of health and rates of PND. We 
found that, in the United States, lower SEQ was asso-
ciated with lower PND of HLHS and TGA; for TGA, His-
panic ethnicity and rural location were also associated 
with decreased PND. Among Canadian patients, only 
further distance to a cardiac surgical center was asso-
ciated with lower PND rates of HLHS, demonstrating 
differences between 2 countries with different health 
care systems. Our study adds more granular detail to 
earlier work showing that demographic and socioeco-
nomic factors have a relationship with PND of CHD on 
a large scale with data from a large cohort of North 
American patients.

Previous studies in North America on the influences 
of race or ethnicity, insurance, and socioeconomic po-
sition on PND have been obtained from single-center 
or regional studies and are conflicting or evaluate dif-
ferent parameters.9,10,17 A study by Peiris et al9 evaluat-
ed all critical CHD in Boston between 2003 and 2006 
and found that higher socioeconomic position and 
private insurance were associated with increased rates 
of PND. In contrast, in our US cohort, public insurance 

(Medicare, Medicaid, or other government insurance 
such as military insurance) was not associated with 
decreased PND. This may be because of differences 
in eras or differences in regional influences versus 
national influences. Hill et al10 studied children with 
critical CHD in Wisconsin and found that barriers to 
prenatal detection included the need for outflow tract 
visualization, poverty, low population density area, 
and absence of an extracardiac abnormality. In our 
study, decreased PND was associated with Hispanic 
ethnicity among children with TGA, supporting previ-
ous studies.18 Given the limitations of collecting self-
reported race and ethnicity from retrospective data, 
we also used census tract data to assess the propor-
tion of families in a given tract who were non-Hispan-
ic Black, Hispanic, or Native American. For both the 
HLHS and TGA analyses, the effect estimates for those 
living in a census tract with >50% of those minori-
ties mirrored those of Hispanic mothers, although they 
were not statistically significant. Whereas the distribu-
tion of race and ethnicity in the US cohort generally 
mirrors the country’s racial and ethnic distribution, the 
conclusions may not be representative in individual ar-
eas with higher percentages of minority populations.

In the present study, we found overall prenatal detec-
tion rates of 92% for fetal HLHS and 58% for fetal TGA 
to be higher than reported previously, both before and 
after the publication of fetal echocardiography guide-
lines, which include outflow tract evaluation.11,19 After 
the initial publication of universal screening guidelines, 
nationwide PND rates were estimated to be ≈67% for 
HLHS and 28% for TGA.11 Following the most recent 
American Institute of Ultrasound in Medicine recom-
mendations19 for inclusion of outflow tract views in the 
evaluation of the fetal heart, diagnostic rates for DTGA 
have been reported at 30% to 41% in recent US re-
gional studies,20,21 while showing more of an improve-
ment in Canadian studies.22 Hence, whereas there has 

Fetal/infant characteristics

Extracardiac birth defect 0.29

 No 1594 (89.8) 318 (19.9) 1276 (80.1)

 Yes 180 (10.2) 30 (16.7) 150 (83.3)

Multiple gestation pregnancy 0.0002*

 No 1765 (95.3) 378 (21.4) 1386 (78.6)

 Yes 87 (4.7) 4 (4.6) 83 (95.4)

The P values are based on a t test (continuous) or a χ2 test (categorical); numbers in bold are significant at P<0.05. HLHS indicates 
hypoplastic left heart syndrome; and TGA, transposition of the great arteries.

*Indicates P values significant at <0.05.
†US only.
‡US Department of Agriculture 1–9 classification.15

§All Canadian records except 3 are publicly insured.

Table 1. Continued

Demographic and clinical characteristics

Prenatal diagnosis, n (%)

P valueOverall No Yes
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been a slow and steady trend toward increased PND, 
there continue to be clear discrepancies between detec-
tion rates of lesions such as HLHS that are readily iden-
tified on fetal 4-chamber views and TGA with intact 
ventricular septum that are frequently missed if outflow 
tract views are not systematically obtained.11,17 There 
also continues to be regional variation in PND of both 
of these critical lesions. PND rates reported in differ-
ent state registry-based studies have varied from 60% 

to 77% for HLHS and 17% to 36% for TGA.7,11,17,23–25 
Initial screening begins with obstetricians or radiolo-
gists who obtain cardiology or maternal fetal medicine 
consultation for screening indications or concerns of 
abnormality. Barriers to communication between these 
specialists may exist,26 so further effort is needed to 
study providers in the areas outlined in this article.

It is interesting that despite universalized health 
care in Canada, the prenatal detection rates in the 

Table 2. Unadjusted Associations Between Socioeconomic Variables and Prenatal Diagnosis, by Diagnosis and Country

Socioeconomic risk characteristics

United States, RR (95% CI)* Canada, RR (95% CI)†

HLHS TGA HLHS TGA

Socioeconomic status quartile 

 1 (lowest) 0.95 (0.81–1.00) 0.69 (0.57–0.84)‡ 1.08 (0.97–1.19) 1.05 (0.72–1.53)

 2 0.98 (0.93–1.02) 0.71 (0.59–0.86)‡ 0.97 (0.82–1.13) 0.88 (0.59–1.32)

 3 0.96 (0.92–1.01) 0.75 (0.63–0.91)‡ 0.99 (0.83–1.16) 0.80 (0.52–1.23)

 4 (highest) Ref. Ref. Ref. Ref.

Poverty (>20% of census block)

 No Ref. Ref. — —

 Yes 1.00 (0.96–1.04) 0.87 (0.71–1.07)

Neighborhood population >50% Black or Hispanic

 No Ref. Ref. — —

 Yes 0.98 (0.93–1.02) 0.81 (0.66–1.01)

Rural location (4–9)

 No Ref. Ref. — —

 Yes 0.96 (0.90–1.02) 0.77 (0.60–1.00)

Driving distance to care center, miles

 1 (<20) Ref. Ref. Ref. Ref.

 2 (20–49) 0.99 (0.94–1.04) 0.84 (0.70–1.00) 1.02 (0.98–1.07) 1.09 (0.74–1.59)

 3 (50–134) 0.97 (0.92–1.02) 0.71 (0.58–0.88)‡ 0.80 (0.66–0.97)‡ 0.70 (0.43–1.13)

 4 (≥135) 0.98 (0.94–1.03) 0.87 (0.71–1.04) 0.95 (0.84–1.06) 1.16 (0.82–1.64)

Driving time to care center, min

 1 (<30) Ref. Ref. Ref. Ref.

 2 (30–59) 0.99 (0.94–1.04) 0.91 (0.77–1.08) 0.95 (0.86–1.05) 1.07 (0.67–1.70)

 3 (60–119) 0.97 (0.92–1.02) 0.66 (0.53–0.83) 0.88 (0.73–1.05) 0.65 (0.34–1.26)

 4 (≥120 min) 0.98 (0.94–1.03) 0.87 (0.72–1.05) 0.80 (0.62–1.03) 0.78 (0.44–1.39)

Maternal insurance

 Private Ref. Ref. – –

 Public 0.97 (0.93–1.01) 0.88 (0.75–1.04)

Maternal race/ethnicity

 White, non-Hispanic Ref. Ref. – –

 Black, non-Hispanic 0.98 (0.93–1.04) 0.75 (0.54–1.03)

 Hispanic/Latino 0.97 (0.92–1.03) 0.78 (0.60–1.01)

 Asian 0.95 (0.83–1.08) 1.00 (0.73–1.36)

 Native American/Alaskan/Pacific Islander 0.89 (0.69–1.14) 0.77 (0.34–1.71)

Numbers in bold are significant at P<0.05.
HLHS indicates hypoplastic left heart syndrome; Ref., reference; RR, relative risk; and TGA, transposition of the great arteries.
*Estimates are based on log-binomial regression.
†Estimates are based on log-binomial regression or log-Poisson regression with robust SEs.
‡Indicates P values significant at <0.05.
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United States and Canada were almost identical in this 
study. There is regional variability of detection rates in 
Canada; and in this study only 2 centers, Alberta and 
Ontario, were studied. This may have been 1 reason 
for the lack of differences between the United States 
and Canada. The Canadian centers included were lim-
ited to those participating in the FHSRC and had limi-
tations in power to detect differences, but the authors 

believed that it was important to include the positive 
findings, which did highlight differences in the health 
care systems. Factors related to where and who per-
forms the scan likely play a role and will require further 
investigation. Overall, the Canadian patients account-
ed for 20% of TGA patients and 10% of HLHS pa-
tients. Although we cannot determine definitively why 
this is the case, it may reflect higher termination for 

Table 3. Adjusted Associations Between Socioeconomic Variables and Prenatal Diagnosis, by Diagnosis and Country

Socioeconomic risk characteristics

United States, aRR (95% CI)* Canada, aRR (95% CI)†

HLHS TGA HLHS TGA

Socioeconomic status quartile 

 1 (lowest) 0.94 (0.90–0.99)‡ 0.78 (0.64–0.85)‡ 1.00 (1.00–1.00) 1.17 (0.95–1.44)

 2 0.97 (0.91–1.02) 0.77 (0.64–0.93)‡ 0.96 (0.89–1.04) 0.90 (0.69–1.18)

 3 0.96 (0.91–1.01) 0.83 (0.69–1.00) 0.95 (0.86–1.05) 0.86 (0.76–0.97)‡

 4 (highest) Ref. Ref. Ref. Ref.

Poverty (>20% of census block)

 No Ref. Ref. – –

 Yes 1.00 (0.97–1.03) 0.97 (0.83–1.13)

Neighborhood population >50% Black or Hispanic

 No Ref. Ref. – –

 Yes 0.97 (0.94–1.00) 0.85 (0.70–1.04)

Rural location (4–9)

 No Ref. Ref. – –

 Yes 0.97 (0.92–1.02) 0.78 (0.64–0.95)‡

Driving distance to care center, miles

 1 (<20) Ref. Ref. Ref. Ref.

 2 (20–49) 1.00 (0.95–1.05) 0.88 (0.76–1.02) 1.00 (1.00–1.00) 1.09 (1.04–1.15)‡

 3 (50–134) 0.99 (0.95–1.02) 0.82 (0.67–1.01) 0.96 (0.89–1.04) 0.91 (0.67–1.24)

 4 (≥135) 1.00 (0.96–1.03) 0.94 (0.75–1.17) 0.96 (0.93–1.00) 1.24 (1.03–1.51)‡

Driving time to care center, min

 1 (<30) Ref. Ref. – –

 2 (30–59) 1.00 (0.95–1.04) 0.93 (0.83–1.04)

 3 (60–119) 1.00 (0.96–1.04) 0.83 (0.65–1.06)

 4 (≥120) 0.99 (0.95–1.03) 0.88 (0.71–1.09)

Maternal insurance

 Private Ref. Ref. – –

 Public 0.98 (0.94–1.02) 0.95 (0.81–1.13)

Maternal race/ethnicity

 White, non-Hispanic Ref. Ref. – –

 Black, non-Hispanic 0.98 (0.94–1.01) 0.87 (0.66–1.16)

 Hispanic/Latino 0.97 (0.94–1.00) 0.85 (0.72–0.99)‡

 Asian 0.97 (0.84–1.11) 0.97 (0.72–1.29)

  Native American/Alaskan/Pacific 
Islander

0.88 (0.69–1.12) 0.83 (0.34–2.03)

Numbers in bold are significant at P<0.05. aRR indicates adjusted relative risk; HLHS, hypoplastic left heart syndrome; Ref., reference; 
and TGA, transposition of the great arteries.

*Estimates are based on log-binomial regression with clustering by site, adjusted for maternal age.
†Estimates are based on log-Poisson regression with robust SEs with clustering by site, adjusted for maternal age.
‡Indicates P values significant at <0.05.
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HLHS; termination rates for prenatally diagnosed CHD 
in Canada are reported at 50% before 24 weeks27 and 
would reasonably be expected to be higher for single 
ventricle disease. Typically, at the Alberta and Calgary 
centers, the patients with HLHS would have still been 
included in the study because of a confirmatory fetal 
echocardiogram being performed by a pediatric car-
diologist. However, it is possible that some patients in 
Toronto may have been seen by a pediatric cardiolo-
gist in the community and terminated before being 
seen by a provider at the Hospital for Sick Children. 
This may have accounted for the lower overall per-
centage of Canadian patients with HLHS compared 
with the total.

Some factors associated with lack of PND (low SEQ, 
rural location) may have collinearity. The association 
of these factors with lack of PND could be related to 
access to specialized health care services, which has 
been previously related to area deprivation.28 The as-
sociation of lower SEQ with lower PND was only seen 
in the United States, although patients with lower SEQ 
had later gestational age of diagnosis in both US and 
Canadian subjects. Although the total number of sub-
jects was lower in the Canadian group, the inverse 
trend suggests that the differences are valid. This could 
suggest that universal health care may mitigate the ef-
fect of socioeconomic status on prenatal care and thus 
PND. There is precedent for this in neurodevelopmental 

Table 4. Association of Sociodemographic Variables With Gestational Age at Time of Prenatal Diagnosis of Hypoplastic 
Left Heart Syndrome and D-Transposition of the Great Arteries in the United States and Canada

Socioeconomic risk characteristics

United States, mean (95% CI) Canada, mean (95% CI)

HLHS TGA HLHS TGA

Socioeconomic status quartile (1 is lowest)

 1 25.4 (23.7–27.0)* 27.8 (26.7–29.0)* 24.4 (22.6–26.1)* 25.4 (23.0–27.8)*

 2 24.9 (24.0–25.9)* 26.7 (25.8–27.7)* 22.0 (21.0–23.0)* 25.5 (25.4–25.6)*

 3 24.4 (23.3–25.4)* 25.1 (24.2–26.0)* 22.7 (21.9–23.5) 23.2 (22.4–24.0)*

 4 (reference) 22.3 (21.5–23.2) 23.6 (22.7–24.6) 22.4 (21.1–23.7) 22.0 (20.4–23.7)

Neighborhood population >50% Black or Hispanic   

 No 24.2 (23.2–25.1) 25.5 (23.9–27.1)

 Yes 24.7 (23.3–26.0) 25.5 (24.5–26.5)

Rural location (4–9)   

 No (reference) 24.2 (23.2–25.2) 25.3 (24.4–26.1)

 Yes 25.0 (24.2–25.9)* 27.4 (25.8–29.0)*

Driving distance to care center, miles

 1 (<20, reference) 23.5 (22.6–24.4) 24.8 (23.6–26.0) 22.8 (20.5–25.1) 24.4 (22.4–26.5)

 2 (20–49) 23.7 (22.6–24.8) 24.3 (22.9–25.7) 22.4 (22.0–22.9) 23.8 (22.3–25.4)

 3 (50–134) 24.0 (22.8–25.1) 25.0 (24.1–25.9) 23.9 (22.9–24.9) 25.1 (22.6–27.6)*

 4 (≥135) 26.2 (24.3–28.1)* 28.3 (26.9–29.7)* 22.5 (21.2–23.9) 23.3 (20.1–26.5)*

Driving time to care center, min†

 1 (<30, reference) 23.3 (22.5–24.2) 24.5 (23.3–25.7) 24.4 (22.4–26.4) 25.2 (22.3–28.1)

 2 (30–59) 23.9 (22.8–25.1) 24.6 (23.5–25.7) 22.3 (20.1–24.4) 22.9 (20.6–25.3)

 3 (60–119) 23.8 (22.5–25.1) 24.9 (23.9–26.0) 21.9 (19.5–24.4) 26.1 (22.7–29.5)

 4 (≥120) 26.1 (24.2–27.9)* 28.3 (26.9–29.6)* 25.6 (22.9–28.2) 27.2 (24.2–30.2)

Maternal insurance   

 Private (reference) 24.0 (23.2–24.8) 25.2 (24.1–26.2)

 Public 25.3 (24.2–26.4)* 26.7 (25.8–27.7)*

Maternal race/ethnicity   

 White, non-Hispanic (reference) 24.0 (23.1–24.9) 25.2 (24.1–26.4)

 Black, non-Hispanic 25.0 (23.2–26.8) 26.1 (22.8–29.3)

 Hispanic/Latino 25.3 (24.0–26.7)* 25.9 (24.3–27.6)

 Other 25.1 (23.2–27.0) 24.2 (23.2–25.2)

Least-squares means estimates from generalized linear models controlling for maternal age with clustering by site. HLHS indicates 
hypoplastic left heart syndrome; and TGA, transposition of the great arteries.

*Indicates P values significant at <0.05.
†Unable to control for site and maternal age; information provided for 1 Canadian site only.
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outcomes after CHD surgery, which are more favorable 
in Canada than in the United States.29

In the final adjusted analyses, driving time and dis-
tance were not associated with lower PND in the United 
States, although effect estimates indicated a nominal 
association, and previous regional studies have shown 
otherwise.4 However, driving distance in the fourth quar-
tile was associated with lower PND in Canada for HLHS 
and had lower effect estimates for quartile 3 in the small 
number of Canadian HLHS patients. Future directions 
include advanced geomapping studies to identify at-risk 
locations, targeting outreach efforts on outflow tract 
screening to at-risk locations, as well as assessment of 
the effect of strategies to mitigate the effect of distance 
to surgical center on PND, such as the use of telehealth 
for remote fetal echocardiography assessments.

We hypothesize that the differences in findings be-
tween HLHS and TGA may identify possibly causes for 
the disparities in prenatal detection. HLHS can be diag-
nosed on a 4-chamber view, whereas TGA requires out-
flow tract screening and is potentially more likely to be 
detected by a subspecialist. The difference between the 
2 diseases may point out a lack of presence of or ac-
cess to subspecialist care for patients in lower socioeco-
nomic status quartiles, of Hispanic ethnicity, and in rural 
regions. Of further support to this hypothesis is that, in 
twin pregnancies, which are typically referred to a sub-
specialist and receive more frequent ultrasounds, detec-
tion rates were high for both HLHS and TGA. The high 
prenatal detection rates for HLHS suggest that complete 
lack of prenatal care is not the barrier to prenatal detec-
tion, because HLHS is detected at fairly high rates overall.

We also found that mothers of lower SEQ received 
later PND. Only those mothers in the highest SEQ had 
a mean GA at PND of <24 weeks. A stepwise effect 
was seen across quartiles. This is important because 
earlier time of diagnosis has implications for decision 
making and options regarding pregnancy termination, 
financial planning, coordination of care, and arranging 
other testing. The average gestational age at PND in 
mothers of lower SEQ, for instance, was beyond the le-
gal gestation for pregnancy termination in many North 
American jurisdictions, thus limiting choices for specific 
populations. There is also overlap of the rural regions 
with the lower SEQ regions, suggesting that further 
geomapping work may identify areas for targeted 
outreach. Improved access to the tertiary care sites for 
pregnancies or fetuses who currently have disparate 
access is critical to improving cardiovascular health for 
infants with CHD. Additional work will help identify 
the specific areas where patients are not being reached 
effectively by pediatric cardiac care centers and allow 
clinicians to develop efforts to reduce these disparities.

This constitutes the largest study to date evaluating 
the associations between sociodemographic and geo-
graphic factors and PND of HLHS and TGA. This study 

powered by the FHSRC has created a unique registry of 
data variables that has not been possible using existing 
hospital databases, which often do not include infor-
mation about prenatal care because of absent linkages 
between maternal and pediatric records. There was, 
however, an inherent limitation to our data collection of 
not being able to account for cases where there was not 
a PND but the fetus had CHD and the pregnancy was 
terminated for other reasons or there was fetal demise.

This study was also limited by the use of a data set 
biased toward fetal cardiology centers and lack of na-
tionalized autopsy data on fetuses that may have died 
before a CHD diagnosis or that had pregnancy termina-
tion without involvement of the participating fetal car-
diology programs. We considered this limitation during 
the study design; however, because of the lack of a na-
tional registry for CHD, and to linkages between fetal 
and postnatal data, the FHSRC was the most feasible 
avenue to investigate this question. At the time the 
study was conducted, to the authors’ knowledge, no 
existing national or cardiology databases contained the 
necessary variables to conduct this study.

In addition, there were limitations in reporting of race 
and ethnicity data, and Affordable Care Act informa-
tion may have been inconsistently recorded as public or 
private among centers. Lack of unifying SEQ scores also 
limited our ability to combine US and Canadian data.

Conclusions
Barriers to prenatal detection of CHD, specifically TGA, 
include lower SEQ, Hispanic ethnicity, and rural resi-
dence. Factors associated with increased antenatal sur-
veillance, such as multiple gestation pregnancy, are as-
sociated with a protective effect. Lower socioeconomic 
status may have less of an effect on PND in socialized 
health care systems, such as are available in Canada, 
however distance of residence may still remain a source 
of inadequate access to prenatal screening, and moth-
ers with lower SEQ still received a later PND than those 
with higher SEQs. Efforts surrounding education about 
CHD detection, as well as improving linkages between 
the tertiary care surgical centers and primary care physi-
cians, may decrease these disparities.
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