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Abstract

Objective—To evaluate genetic evaluation practices in newborns with the most common birth 

defect, congenital heart defects (CHD), we determined the prevalence and the yield of genetic 

evaluation across time and across patient subtypes, before and after implementation of institutional 

genetic testing guidelines.

Study design—This was a retrospective, cross-sectional study of 664 hospitalized newborns 

with CHD using multivariate analyses of genetic evaluation practices across time and patient 

subtypes.

Results—Genetic testing guidelines for hospitalized newborns with CHD were implemented in 

2014, and subsequently genetic testing increased (40% in 2013 and 75% in 2018, OR 5.02, 95% 

CI 2.84–8.88, P < .001) as did medical geneticists’ involvement (24% in 2013 and 64% in 2018, P 
< .001). In 2018, there was an increased use of chromosomal microarray (P < .001), gene panels 

(P = .016), and exome sequencing (P = .001). The testing yield was high (42%) and consistent 

across years and patient subtypes analyzed. Increased testing prevalence (P < .001) concomitant 
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with consistent testing yield (P = .139) added an estimated 10 additional genetic diagnoses per 

year, reflecting a 29% increase.

Conclusions—In patients with CHD, yield of genetic testing was high. After implementing 

guidelines, genetic testing increased significantly and shifted to newer sequence-based methods. 

Increased use of genetic testing identified more patients with clinically important results with 

potential to impact patient care.

Congenital heart disease (CHD) remains the most prevalent birth defect and a leading 

cause of morbidity and mortality in newborns.1–7 CHD often has a genetic etiology, and 

recent studies indicate that genetic testing is abnormal in 25%–50% of patients with 

CHD.8–10 In recent years, technologic advancement has led to decreased cost, increased 

test options, and increased accessibility of genetic testing in clinical settings.11 As a result, 

the recommendations for genetic testing are evolving. In 2010 the International Standard 

Cytogenomic Array Consortium (ISCA) released a consensus statement recommending 

chromosome microarray analysis (CMA) as first-tier cytogenetic testing for patients with 

developmental delay/intellectual disability, autism, or multiple congenital anomalies.12 In 

2021, the American College of Medical Genetics and Genomics released updated guidelines, 

reinforcing recommendations for genetic testing in pediatric patients with congenital 

anomalies and incorporating exome sequencing (ES) and genome sequencing (GS).13 

For patients with CHD in particular, the American Heart Association (AHA) published 

a scientific statement in 2008 outlining the value of genetic testing14 and updated these 

guidelines in 2018 to reflect shifting technologies.15

The AHA guidelines highlight the need for genetic testing in CHD to assess risk for 

patients and their family members, identify risk for extracardiac pathologies, identify risk 

for developmental delays that may benefit from early intervention, and inform prognosis 

and outcomes. Genetic diagnoses in CHD recently have been linked to postoperative 

respiratory16 and surgical outcomes,17–21 further highlighting the benefit of genetic testing 

for this population. Although access to genetic testing was previously limited due to cost 

and other factors, genetic testing protocols have been shown to reduce cost and increase 

genetic diagnoses in CHD.9 In addition, many protocols also outline recommendations for 

consultation with medical geneticists, which is critical for optimizing testing strategies 

and the interpretation of results, especially in the setting of increased use, advancing 

technologies, and rapidly evolving recommendations.9 Importantly, geneticist involvement 

and the implementation of testing protocols has been shown in a single-site study to improve 

care in CHD.9

In 2014, our center implemented genetic testing guidelines for newborns in the intensive 

care unit with CHD. The guidelines expanded upon the ISCA statement and recommended 

medical genetics evaluation for all hospitalized infants with CHD, chromosome analysis 

for select patients with high likelihood of aneuploidy, and CMA for all other hospitalized 

infants with CHD. This is a single-center analysis of genetic evaluation practices in 

infants with CHD across multiple patient subtypes, during a period after the ISCA and 

AHA recommendations and spanning implementation at our center, of genetic evaluation 

guidelines.
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Methods

We performed a retrospective analysis of genetic testing practices and results at Riley 

Hospital for Children at Indiana University Health. Cohort ascertainment used data 

submitted from our center to the Society of Thoracic Surgeons (STS) National Database 

to comprehensively identify patients with critical CHD. We included 664 children who 

underwent surgical repair for CHD at ≤14 months of age, with 474 between January 1, 

2013, and December 31, 2015 (with data collection range November 1, 2011, to December 

31, 2016), and 190 between January 1, 2018, and December 31, 2018 (with data-collection 

range November 1, 2016, to December 31, 2019). We implemented the algorithm for genetic 

testing in the fourth quarter of 2015. Thus, we chose a time frame before the algorithm 

(genetic testing in 2013–2015), and 2018, after the algorithm was firmly established. The 

study was approved by the Indiana University Institutional Review Board, including a 

waiver of consent for this minimal risk study.

Patient medical records were comprehensively reviewed, and study data were entered into 

a Research Electronic Data Capture (REDCap) database hosted at Indiana University.22,23 

Data also were obtained from STS. All available genetic testing was collected from the 

medical record, including noninvasive prenatal screening (NIPS), chromosome analysis, 

CMA, fluorescent in situ hybridization analysis (FISH), single-gene sequencing, gene panel 

sequencing, ES, and GS. Result interpretation used the clinical testing laboratory report. 

Testing results from the clinical laboratory report were evaluated as “normal,” “abnormal,” 

or “not done/unknown.” Data on extracardiac congenital anomalies were extracted from the 

medical record. Participants with at least one extracardiac congenital anomaly were defined 

as having multiple congenital anomalies (MCAs) vs those with isolated CHD. The data 

were entered into the REDCap deidentified, except for date of birth, which was used for 

data integrity. Only summary results are presented within the research article and all data 

presented within the article are deidentified.

We identified the fundamental diagnosis listed in the STS database for each patient. Based 

on this diagnosis, we assigned an overall cardiac diagnosis type in the classification system 

developed by the National Birth Defects Prevention Study.24 This classification was done 

in a hierarchical fashion based on the approach used by previous epidemiologic studies.25 

Cardiac classifications included anomalous pulmonary venous return, atrioventricular septal 

defect (AVSD), arteriopathy (included with “other” for estimates of testing yield, given 

low numbers), conotruncal defect (CTD), heterotaxy, left ventricle outflow tract obstruction, 

right ventricle outflow tract obstruction, and septal defect. All other lesions were classified 

as “other.”

The univariate comparisons of patients’ characteristics, testing rate, and testing yield across 

years were conducted using the Pearson χ2 test (all expected cell counts in a contingency 

table ≥5) or the Fisher exact test (any expected cell counts <5) for categorical variables 

and one-way ANOVA for continuous variables. The effect (ie, OR) of covariates on testing 

rate and testing yield was estimated via multivariate logistic regression models, including 

year, sex, race, family history of CHD, presence of other major congenital malformation, 

history of intrauterine growth restriction (IUGR) or born small for gestational age (SGA), 
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CHD group, infant of mother with diabetes, maternal teratogens (alcohol, illegal drugs, 

tobacco, and prescription opioids), maternal infection, multiple gestation, gestational age, 

birth weight, number of cardiac surgeries, deceased status, and extracorporeal membrane 

oxygenation (ECMO). All analyses were conducted in R, version 4.0.2 (The R Foundation 

for Statistical Computing).

Results

There were 664 patients included in the study, including 534 with apparently isolated CHD 

and 130 with CHD + MCA (Table I). Within the cohort, 371 (55.9%) were male and 550 

(82.2%) were White. In total, 511 of 664 (77.0%) were born full term, and 76 (11.4%) 

were IUGR or SGA with a mean birth weight of 2.93 kg in the overall cohort. A total 

of 84 of 664 (12.7%) were infants of a mother with diabetes, 82 (12.3%) were exposed 

to maternal teratogens (alcohol, tobacco, or illicit drugs), and 72 (10.8%) were exposed 

to maternal infection. The average number of cardiac surgeries was 1.6, with 90 of 664 

(13.6%) requiring ECMO; 69 (10.4%) patients were deceased at the time of data collection 

(Table I).

In the entire cohort, genetic testing occurred in 360 of 664 patients (54.2%) (Figure 1 and 

Table II). In patients with isolated CHD, genetic testing occurred in 271 of 534 (50.7%) 

(Figure 1, Table II), whereas testing occurred more frequently in the patients with CHD 

+ MCA (89 of 130; 68.5%) (Figure 1, Table II). Overall, the most frequent genetic test 

was CMA, performed in 252 of 664 patients (38.0%), followed by chromosome analysis in 

91 (13.7%), FISH in 61 (9.2%), NIPS in 13 (2.0%), gene panel in 11 (1.7%), and ES in 

6 (0.9%) (Table III). Single gene testing and GS were least frequent, occurring in only 1 

patient each (0.2%) (Table III).

The number of patients who underwent genetic testing increased significantly across years; 

from 63 of 158 patients (39.9%) in 2013 to 77 of 170 (45.3%) in 2014, 77 of 146 (52.7%) 

in 2015, and 143 of 190 (75.3%) in 2018, (P < .001) (Figure 1, Table II). Testing showed a 

similar increase across subtypes, including an increase in patients with isolated CHD, from 

46 of 130 (35.4%) in 2013 to 112 of 155 (72.3%) in 2018 (P < .001) (Figure 1, Table II) and 

in patients with CHD + MCA from 17 of 28 (60.7%) in 2013 to 31 of 35 (88.6%) in 2018, (P 

= .014) (Figure 1, Table II).

Our institution implemented genetic testing guidelines for newborns with CHD in 2014, 

which recommended chromosome analysis for patients with likely aneuploidy and CMA for 

all other patients with CHD. Therefore, we analyzed genetic testing, including a breakdown 

of testing modalities, in the cohort of patients from 2013 to 2015 compared with a cohort 

from 2018 (Table III). The increased genetic testing prevalence was accompanied by a 

shift in genetic testing modalities between the 2013–2015 and the 2018 cohort (Table 

III). Compared with 2013–2015, there was a significant increase in the use of 3 testing 

modalities: CMA, from 26.6% to 66.3% (P < .001); gene panels from 0.8% to 3.7% (P = 

.016); and ES from 0% to 3.2% (P = .001) in the 2018 cohort (Table III). Although there 

was no statistically significant difference across years, testing prevalence also increased for 

NIPS, from 1.7% to 2.6% (P = .535), single gene testing, from 0% to 0.5% (P = .286), and 
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GS, from 0% to 0.5% (P = .286) (Table III). Only one testing modality had significantly 

decreased use, with the rate of FISH analysis falling from 11.8% to 2.6% (P < .001); 

and although not statistically significant, testing prevalence also decreased for chromosome 

analysis, from 14.3% to 12.1% (P = .525) (Table III).

Medical geneticists were involved in the care of 268 of 664 (40.4 %) patients, including 185 

of the 534 (34.6%) patients with isolated CHD and 83 of the 130 (63.8%) patients with CHD 

+ MCA (Figure 1, Table II).

The genetic testing guidelines implemented in 2014 recommended medical genetics 

evaluation for all patients with CHD. Medical geneticist involvement significantly increased 

across years (P < .001) from 38 of 158 patients (24.1%) in 2013, to 44 of 170 (25.9%) 

patients in 2014, 65 of 146 (44.5%) patients in 2015, and 121 of 190 (63.7%) patients 

in 2018. With respect to patient subtype, significant increases occurred for patients with 

isolated CHD, from 22 of 130 (16.9%) patients in 2013, to 91 of 155 (58.7%) patients in 

2018, (across years, P < .001) as well as in patients with CHD + MCA from 16 of 28 

(57.1%) patients in 2013; to 30 of 35 (85.7%) patients in 2018 (across years, P = .005) 

(Figure 1, Table II). The reported family history of CHD also increased from 1 of 158 

(0.6%) in 2013 to 29 of 190 (15.3%) in 2018 (P = .004), possibly reflecting increased rigor 

in history taking and more formal documentation in the medical record due to the increased 

medical genetics involvement.

We analyzed factors affecting the prevalence of genetic testing by estimating the effects 

(OR; odds ratio) of multiple factors on genetic testing (Table IV, Figure 2). After adjusting 

for multiple factors, there was still a significant difference in genetic testing prevalence 

across years (P < .001), reflecting increased testing after implementing the algorithm in 

2014 (Table IV, Figure 2). Compared with 2013, the genetic testing prevalence increased 

significantly in 2015 (OR 1.79, 95% CI 1.04–3.08, P = .036) and 2018 (OR 5.02, 95% CI 

2.84–8.98, P < .001).

Our guidelines recommended genetic testing for all cardiac lesions outside of isolated septal 

defects. Compared with CTD (used as the reference, given longstanding recommendations 

for genetic testing in this group),14 multiple patient groups were tested less often, including 

anomalous pulmonary venous return (OR 0.26, 95% CI [0.11–0.62, P = .002), arteriopathy 

(OR 0.2, 95% CI 0.04–0.92, P = .039), left ventricle outflow tract obstruction (OR 0.49, 

95% CI 0.29–0.83, P = .008), septal defects (OR 0.39, 95% CI 0.20–0.77, P = .007) and all 

other heart defects (OR 0.25, 95% CI 0.11–0.57, P = .001) (Table IV, Figure 2).

Additional factors drove genetic testing in patients with CHD. Infants who were IUGR or 

SGA were tested more frequently (OR 3.77, 95% CI 1.79–7.97, P < .001). Patients with 

CHD + MCA were also tested more frequently (OR 2.13, 95% CI 1.28–3.53, P = .003) 

(Table IV, Figure 2). Female patients were tested more frequently than male patients (OR 

1.56, 95% CI 1.05–2.32, P = .026). Patients without a family history of CHD were tested 

less frequently (OR 0.15, 95% CI 0.04–0.51, P = .003). Compared with patients who were 

born at term, infants born preterm were tested less frequently (OR 0.15, 95% CI [0.04–0.58], 

P = .006) (Table IV, Figure 2). There was no significant difference in testing prevalence 
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based on race, maternal diabetes, maternal teratogen exposure, maternal infection, multiple 

gestation pregnancy, weight at birth, requirement for ECMO, number of cardiac surgeries, or 

mortality.

Overall, the greatest effect on genetic testing prevalence occurred in 2018, the time point 

after implementation of genetic testing guidelines. We analyzed the testing yield or the 

proportion of patients for whom testing yielded abnormal results. Overall, 151 of 360 

(41.9%) tested patients had abnormal results (Table II, Figure 1). Abnormal results were 

detected in 103 of 271 (38.0%) patients with isolated CHD and 48 of 89 (53.9%) patients 

with CHD + MCA (Table II, Figure 1).

As the genetic testing prevalence increased, the genetic testing yield decreased, but not 

significantly (yield of 49.2% in 2013, 49.4% in 2014, 44.2% in 2015, and 33.6% in 2018, 

across years P = .061). This held true for patients with isolated CHD (yield 45.7% in 2013, 

43.1% in 2014, 40% in 2015, and 31.2% in 2018, across years, P = .257) as well as for 

patients with CHD + MCA (yield 58.8% in 2013, 68.4% in 2014, 54.5% in 2015 and 41.9% 

in 2018, across years, P = .312) (Table II, Figure 1).

We analyzed factors that affected the yield of genetic testing by estimating the effects 

of multiple factors (Table IV, Figure 2). Interestingly, after adjusting for multiple factors, 

despite the significantly increased testing prevalence across years, there was still not a 

significant decrease in testing yield (P = .139). Only cardiac lesion type and sex influenced 

yield. Female patients had a significantly greater yield of genetic testing (OR 1.91, 95% CI 

1.17–3.13, P = .010). Our guidelines recommended genetic testing for hospitalized infants 

with all types of CHD except septal defects, which were left to the provider’s decision. 

Compared with CTD, septal defects actually had increased yield (OR 2.97, 95% CI 1.24–

7.11, P = .015). AVSD also had significantly increased yield (OR 3.81, 95% CI 1.58–9.15, 

P = .003). There was no significant difference in testing yield for any other cardiac lesions. 

There was also no difference in testing yield based on family history of CHD, IUGR or 

SGA, congenital malformations, gestational age, race, maternal diabetes, maternal teratogen 

exposure, maternal infection, multiple gestation pregnancy, weight at birth, requirement for 

ECMO, number of cardiac surgeries, or mortality.

Our institution implemented genetic testing guidelines in 2014, recommending universal 

testing for patients with CHD. Our results indicate testing was still not universal in 2018, 

although there was a significant increase in testing prevalence from 39.9% in 2013 to 75.3% 

in 2018. The testing yield decreased from 49.2% in 2013 to 33.6% in 2018, although not 

significantly. With increased testing, the proportion of patients with a genetic diagnosis in 

our cohort increased, from 19% (31 of 158) in 2013 to 25% (48 of 190) in 2018. Through 

this time, our institution managed an average of 174 newborns undergoing surgery for CHD 

per year, and extrapolating testing rate and yield from 2013 compared with 2018 added an 

estimated 10 additional genetic diagnoses per year, reflecting a 29% increase, or genetic 

testing rate ratio of 1.29, after implementation of testing guidelines.
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Discussion

Genetic testing demonstrated high yields across almost every patient subtype, including 

both isolated CHD (38.0%) and patients with MCA (53.9%). The overall diagnostic 

yield of 41.9% is similar to other studies in infants with CHD, with yields from 25% 

to 50%,8–10 despite distinct ascertainment protocols or comprehensiveness of genetic 

evaluation. Significantly increased testing rate (P < .001), with consistent testing yield (P 
= .139) increased the proportion of patients with CHD with a genetic diagnosis (Table 

IV, Figure 2). Although multiple factors influenced genetic testing rate, including a family 

history of CHD, IUGR/SGA at birth, and the presence of other congenital anomalies, 

none of these factors significantly impacted testing yield. In a recent study, Shikany et 

al identified specific congenital anomalies that increased the yield of abnormal genetic 

testing,10 although their study focused on patients younger than 1 month of age and included 

only patients evaluated by a genetics team (possibly with improved phenotyping). Another 

recent study reflected our results, where patient subtypes, including congenital anomalies, 

did not increase the odds of abnormal genetic testing.8 Together, these results seem to 

support universal testing in hospitalized infants with CHD requiring surgery.

Previous single-center studies indicate genetic testing is likely underused at many sites, with 

rates ranging from 25% to 87%.8–10,26–30 Our results indicate that genetic testing use was 

significantly improved with the implementation of genetic testing guidelines, with testing 

rates climbing from 39.9% in 2013 to 75.3% in 2018. We identified numerous factors that 

drove selective genetic testing, although none of these factors actually impacted testing 

yield. Universal genetic testing may allow us to better discern patient subpopulations who 

may not require testing. Despite the increased testing rate in 2018 to 75.3%, approaching 

universal testing, the diagnostic rate remained high at 33.6% and resulted in an increased 

proportion of patients with CHD with a genetic diagnosis.

Increased genetic testing and diagnosis has been shown to impact patient care and outcomes. 

Recommendations from the AHA, endorsed by the American Academy of Pediatrics, outline 

the importance of obtaining a genetic diagnosis in order to (1) Identify pathology in other 

organ systems, (2) to inform prognosis, (3) to identify recurrence risk, and (4) to inform 

family members at risk, and inform their screening.14 Multiple recent studies in patients 

with CHD demonstrate abnormal genetic testing correlates to poorer surgical outcomes.17–21 

A study of critically ill newborns demonstrated a high prevalence of genetic disorders in 

this population and highlighted that increased genetic testing has potential to shorten the 

time to a diagnosis and targeted therapeutic interventions.31 Another more recent study 

in the same population demonstrated increased use of broad genetic testing improved the 

detection of genetic disease, which bolstered understanding of the patient’s condition and 

prognosis.32 Studies using rapid whole-genome sequencing in critically ill newborns have 

demonstrated diagnostic genetic testing led to avoided morbidity in up to 26% of patients, 

and had potential to reduce the likelihood of mortality, aid transition to palliative care, and 

led to changes in management that reduced inpatient cost.33 A follow-up study revealed 

genetic testing led to clinical change in one-third of affected patients and reduced net 

healthcare expenditures.34 Identifying a genetic diagnosis can inform the need for early 

intervention services, impacting long-term outcomes, and therefore should occur early, and 
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genetic diagnoses should not be missed. These studies, along with our findings, highlight the 

need for broad genetic testing in CHD patients.

Our genetic testing guidelines expand upon the 2010 ISCA recommendation,12 for 

chromosomal analysis in select patients, and universal CMA in all others. This study shows 

the emerging use of molecular panels and ES technologies in 2018, suggesting an important 

role of these newer technologies in the identification of genetic etiologies that may have 

otherwise not been identified. To address the evolving landscape of genetic testing, the AHA 

updated guidelines in 2018 to reflect the availability of newer, more advanced, molecular 

based technologies, similar to those used in our study. Our data indicate that ES and GS 

were just beginning to be adopted in 2018 in select cases and the changing use of test 

modalities during the years of this study reflects the moving target nature of genetic testing. 

Our study was before the dramatic rise in clinical use of next-generation sequencing-based 

tests in recent years. In 2019, our algorithm was updated to include molecular panel testing 

of more than 500 genes. In 2021, American College of Medical Genetics and Genomics 

updated clinical guidelines and recommended ES and GS as a first- or second-tier test in 

pediatric patients with congenital anomalies or intellectual disability, based on a higher 

diagnostic yield and cost-effectiveness when ordered early in the diagnostic evaluation.13 

This creates a new challenge and opportunity to compare tiered testing vs first-line GS. 

Notably, the use of rapid GS has been shown to improve care and reduce costs in the 

NICU in selected populations35,36 and was recently shown to impact care and improve cost 

specifically in infants with CHD, conferring a diagnostic yield up to 46%, albeit in a small, 

selected cohort.37 Rapid GS is now available at our NICU and other select institutions38,39 

and has been incorporated into an updated guideline in our NICU. Our study has limited 

use of GS, and future analyses will be needed to monitor the impact of this new technology. 

Increased geneticist involvement will likely be necessary to guide testing and interpret 

increasingly complex results from newer modalities.

Our genetic testing guidelines recommend genetic testing in all cardiac lesions except septal 

defects; however, compared with CTD, multiple cardiac lesions were tested less frequently 

(Table IV, Figure 2). Furthermore, compared with CTD, patients with septal defects had 

increased diagnostic yield. It is possible that patients with septal defects selected to undergo 

genetic testing had obvious dysmorphisms or syndromic features that led to testing. In our 

results, AVSD had the greatest diagnostic yield, a finding that has been demonstrated in 

multiple studies and in part may reflect the common finding of these defects in patients with 

Down syndrome.8,26

For this study, a hierarchical cardiac classification system was used, grouping CHDs into 

umbrella categories (a single Botto Level 3 diagnosis) established by the National Birth 

Defects Prevention Study.24 At this broad level, all CHD subtypes appear to benefit from 

genetic testing for identifying etiology. Whether the more detailed Level I subtypes within 

each Level 3 category derive benefit remains a question for future investigation. Difficulties 

in resolving this question stem from incomplete genetic testing, small numbers of specific 

CHD subtypes at single institutions, and incomplete phenotyping in published literature. 

Future studies may need to employ a more complex nonhierarchical system of cardiac 

phenotyping to identify specific subtypes of CHD, or combinations thereof, that are highly 
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associated with abnormal genetic testing results.10 Beyond CHD, sick neonates may require 

more detailed phenotyping, in order to implement broad use of genetic evaluation, including 

more detailed and rapid genetic testing.

One limitation of our study is that we used genetic testing results available within the 

electronic medical record and did not include testing that may have been performed at 

outside institutions, or outside the data collection window. Other limitations of our study 

include that our results reflect patients undergoing surgery and exclude less critically ill 

infants. The study also may also miss a small number of the most critically ill infants, those 

who died prior to surgery, a population that may be enriched for genetic anomalies. Future 

studies should explore larger sample sizes, across multiple institutions, with increased 

medical genetics involvement. Investigation of genotype–phenotype correlations using 

systems more focused on cardiac physiology or surgical repair type will help assess impact 

and the use of nonhierarchical cardiac classification systems may identify differences in 

genetic testing yield based on patient subtypes to better guide genetic testing.

Given the rapid expansion in genetic testing availability in recent years, the findings 

from this study have implications beyond CHD, to numerous pediatric patient populations 

affected by congenital anomalies and critical illnesses, where genetics evaluation and 

adherence to guidelines are likely beneficial.
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Glossary

AHA American Heart Association

AVSD Atrioventricular septal defect

CHD Congenital heart disease

CMA Chromosomal microarray analysis

CTD Conotruncal defect

ECMO Extracorporeal membrane oxygenation

ES Exome sequencing

FISH Fluorescence in situ hybridization analysis
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GS Genome sequencing

ISCA International Standard Cytogenomic Array Consortium

IUGR Intrauterine growth restriction

MCA Multiple congenital anomaly

NIPS Noninvasive prenatal screening

SGA Small for gestational age

STS Society of Thoracic Surgeons
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Figure 1. 
Comparison of testing rate, testing yield, and medical genetics involvement by year. 

Participants included children ≤14 months of age who underwent surgical repair for CHD. 

The proportion of patients who had genetic testing (testing rate), the proportion of patients 

whose genetic testing results were reported as abnormal (testing yield), and proportion of 

patients who were evaluated by a medical geneticist were analyzed. We separately analyzed 

patients with isolated CHD and patients with CHD + MCA.
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Figure 2. 
Effects of patient characteristics on genetic testing rate and yield. We estimated the 

effects (OR) of multiple factors on genetic testing rate and genetic testing yield, 

including year, sex, race, family history of CHD, maternal diabetes, maternal teratogen 

exposure, maternal infection, multiple gestation pregnancy, weight at birth, gestational 

age, IUGR or SGA, congenital malformation, requirement for ECMO, number of cardiac 

surgeries, mortality, and cardiac lesion. APVR, anomalous pulmonary venous return; 

AVSD, atrioventricular septal defect; CHD, congenital heart disease; CTD, conotruncal 

defect; ECMO, extracorporeal membrane oxygenation; HTX, heterotaxy; IUGR, intrauterine 

growth restriction; LVOTO, left ventricle outflow tract obstruction; RVOTO, right ventricle 

outflow tract obstruction; SGA, small for gestational age.
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