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OBJECTIVE: To evaluate patterns of genetic testing among infants with CHD at a tertiary care center.

STUDY DESIGN: We conducted a retrospective observational cohort study of infants in the NICU with suspicion of a genetic
disorder. 1075 of 7112 infants admitted to BCH had genetic evaluation including 329 with CHD and 746 without CHD. 284 of 525
infants with CHD admitted to CMHH had genetic evaluation. Patterns of testing and diagnoses were compared.

RESULTS: The rate of diagnosis after testing was similar for infants with or without CHD (38% [121/318] vs. 36% [246/676],

p =0.14). In a multiple logistic regression, atrioventricular septal defects were most high associated with genetic diagnosis (odds

ratio 29.99, 95% confidence interval 2.69-334.12, p < 0.001).

CONCLUSIONS: Infants with suspicion of a genetic disorder with CHD had similar rates of molecular diagnosis as those without
CHD. These results support a role for genetic testing among NICU infants with CHD.

Journal of Perinatology (2024) 44:1196-1202; https://doi.org/10.1038/s41372-024-01935-1

INTRODUCTION

Congenital heart disease (CHD) comprises a broad spectrum of
structural cardiac anomalies that account for nearly one-third of all
major congenital anomalies and most infant deaths unrelated to
infection [1-4]. Genetic variants play a significant role in the
etiology of CHD: previous studies have described chromosomal
aneuploidy in ~12% of people with CHD, pathogenic deletions or
duplications in ~11%, and single gene disorders in 3-5% [5, 6].
However, many patients with CHD do not undergo genetic testing
during infancy, reducing the ability of providers to consider
genetic risk for comorbidities and complications when generating
treatment plans. Developing a better understanding of which
infants are most likely to have a molecular diagnosis can improve
recommendations for genetic testing among infants with CHD,
ultimately enabling personalized medicine to optimize infant
health and long-term outcomes.

Evidence to guide the genetic evaluations of infants with critical
illness is continuously evolving. For many infants, the recommen-
dation of genetic testing is based on CHD type—for example, the
utilization of multiplex PCR assay for infants with conotruncal
defects due to the relatively high prevalence of 22q11.2 deletion
syndrome [5, 7, 8]. Some centers employ a standardized genetic
testing approach of karyotype and chromosomal microarray for
first-tier evaluation of infants with CHD [9]. However, in larger
cohorts of critically ill neonates who do not necessarily have CHD,

approaches such as exome or genome sequencing (ES or GS) have
led to molecular diagnostic rates ranging from 12-51% [10-17].
Infants with any CHD were a minority of those included in
previous studies, and the use of clinical genetic testing for infants
in this population is not standardized across institutions.
Comparison of the molecular diagnostic yields of different genetic
testing approaches between studies has proved challenging due
to variation in phenotype, types of genetic testing available, and
the method of evaluation for pathogenic variants. Furthermore,
few studies have specifically explored the benefits of clinical ES or
GS among infants with CHD [18].

To test our hypothesis that infants with CHD would have a
molecular diagnostic rate similar to those reported among a
general neonatal intensive care (NICU) population, we conducted
a retrospective chart review of all infants admitted to the NICU at
Boston Children’s Hospital (BCH) over a 10-year period,
2011-2021. Infants with CHD who underwent genetic evaluation
at Children’s Memorial Hermann Hospital (CMHH) from 2013-2019
were also included to better capture the impact of genetic testing
practices on diagnostic rates and provide external validation of
the BCH results. We compared the patterns of genetic testing and
molecular diagnoses among participants with and without CHD
and determined which infant factors were associated with having
a molecular diagnosis explaining their CHD identified during
infancy.
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MATERIALS AND METHODS

Cohort

The study was approved by the BCH and the University of Texas Health
Science Center at Houston institutional review boards, and need for
consent was waived for this retrospective study. The study was performed
in accordance with the Declaration of Helsinki. No identifying information
from an individual person is included in this manuscript. All infants
admitted to the BCH NICU between 1 January 2011 and 31 October 2021
who had suspicion of a genetic disorder based on consultation of the
genetics team were retrospectively identified in the research database. The
data was divided into two cohorts: infants with CHD and without CHD.
Infants with a prenatal or postnatal diagnosis of CHD at CMHH who were
admitted to the NICU between 1 January 2013 and 30 March 2019 were
retrospectively assessed for genetic testing.

Chart review and analysis

At BCH, demographics, clinical data such as genetic testing sent and
results, and phenotypic information including presence of CHD, which
was further subcategorized, and other congenital anomalies or
phenotypic features were abstracted from the electronic medical records
by at least two reviewers. Infants with cardiomyopathy or rhabdomyo-
sarcoma without other structural CHD were excluded. From March 2017
to November 2018, rapid ES was available for qualifying infants with
certain phenotypic characteristics via a research study [18]. CHD was not
an automatically qualifying diagnosis, but some infants with CHD
received rapid ES through the study due to other qualifying diagnoses
such as the presence of multiple congenital anomalies or unexplained
hypotonia. After the study period, rapid ES was routinely available on a
clinical basis subject to institutional approval if sent while inpatient. At
CMHH, retrospective chart review was performed on all admissions in
the study period. CHD categories were similarly determined as at BCH,
based on the agreement of two independent reviewers of the
echocardiogram. Clinical data including extracardiac anomalies and
neuroimaging were abstracted from the medical chart. Family history of
genetic disorder as the indication for genetics consultation was
determined from review of the initial genetics consultation note. Infants
who had genetic testing sent only after NICU discharge were excluded
from analysis. Deletions, duplications, or translocations identified on
chromosomal microarray were considered a molecular diagnosis if they
were previously associated with CHD or involved deletion of a known
CHD gene. Regions of homozygosity identified by chromosomal
microarray were not considered diagnostic, and none identified in this
study overlapped the critical region for an imprinting disorder. ES/GS
was available on a limited basis towards the end of the study period
at CMHH.

Categorization

CHD types were categorized based on their anatomical phenotypes such
as isolated septal defects, conotruncal, left or right-sided lesions, and
laterality defects [19]. Presence of extracardiac anomalies in the following
categories were assessed: retrognathia/micrognathia, omphalocele, gastro-
schisis, congenital diaphragmatic hernia, neural tube defect, congenital
anomalies of the kidney and urinary tract, structural brain anomalies,
esophageal atresia, and duodenal atresia. Renal findings of pelviectasis or
hydronephrosis were not counted as congenital anomalies. Brain findings
of intraventricular hemorrhage or simple cysts were not counted as
congenital anomalies.

Statistical analysis and categorization

The eligible BCH cohort of 1075 infants, with 31% having CHD, provided
80% power to detect an odds ratio of at least 1.82. Analyses were
completed in R version 4.2.2. Two-sided Fisher exact test was used to
compare dichotomous or categorical outcomes. For continuous variables,
the means of variables with normal distribution were compared using a
student’s t-test while the means of variables with skewed distributions
were compared using the Mann-Whitney test. A binomial multiple logistic
regression model was used to identify infant characteristics associated
with a molecular diagnosis using the R package stats. Adjusted odds ratios,
confidence intervals, and likelihood ratio p-values were calculated using
the epiDisplay package. All summary data is provided in manuscript tables.
De-identified individual data and computational code is available upon
email request.
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RESULTS

BCH cohort characteristics

Of the 7112 infants admitted to the BCH NICU during the study
period, 1075 received a genetic evaluation of which 329 had CHD
while 746 did not (Table 1). In all patients, indications for genetic
evaluation were for diagnostic evaluation in setting of unexpectedly
severe clinical presentation, multiple congenital anomalies, or features
suggestive of a Mendelian genetic syndrome. In addition to the
presence of CHD, facial dysmorphisms were the most common
indication for genetics evaluation (119/269, 44%) among infants with

Table 1. Infant characteristics for those with and without CHD who
had a genetic evaluation in the BCH NICU.
CHD, Non-CHD, p-value
n=329 n=746
Female, N (%) 168 (51) 314 (42) 7.8E-3
Gestational age, mean 36 (3) 36 (4) 0.81
(SD)
Birthweight, mean (SD) 2563 2659 (913) 0.11
(863)
NICU admission length, 15 13 (6-31) 0.13
median days, (IQR) (7-40.5)
Deceased, N (%) 29 (9) 93 (12) 0.09
Congenital anomalies, N (%)
Multiple anomalies 182 (55) 107 (14) <2.2E-16
Micrognathia/Robin 22 (7) 51 (7) 1
sequence
Omphalocele 15 (5) 20 (3) 0.13
Gastroschisis 1 (<1) 5(1) 0.67
Congenital 4 (1) 3 (<1) 0.21
diaphragmatic hernia
Neural tube defect 12 (4) 18 (2) 0.31
Congenital anomalies 44 (13) 56 (8) 3.0E-03
of kidney and urinary
tract
Brain malformation 33(11) 67 (9) 0.57
Esophageal atresia 40 (12) 15 (2) 4.7E-11
Duodenal atresia 17 (5) 8 (1) 1.1E-04

CHD type, N (%)
Hypoplastic left heart 6 (2)

syndrome

Double outlet right 11 (3)

ventricle

Transposition of the 9 (3)

great arteries

Tetralogy of Fallot 40 (12)
Ebstein 3 (1)
Atrioventricular canal 16 (5)
Pulmonary valve disease 11 (3)
Atrial septal defect 108 (33)
Ventricular septal defect 70 (21)
Other 55(17)

Some infants have more than one CHD type. Gestational age, total NICU
days were compared by Wilcoxon rank sum test, birthweight by t-test.
Categorical variables compared by Fisher exact test. Bonferroni p-value
threshold is 3.33E-03 based on 15 tests.

CHD congenital heart disease, IQR interquartile range, SD standard
deviation.

Bold values indicate statistical significance p < 3.33E-03.

SPRINGER NATURE



E.E. D'Souza et al.

Table 2. Genetic testing and diagnostic rates among infants with or
without CHD who were admitted to the BCH NICU.
CHD, Non-CHD, p-value
N =329 N =746
NICU genetic testing 269 (82) 644 (86) 0.06
sent, N (%)
Karyotype 71 (26) 109 (17) 1.4E-03
FISH 20 (7) 37 (6) 0.37
Chromosomal 152 (56) 334 (52) 0.22
microarray
Single gene 58 (21) 200 (31) 3.7E-03
Gene panel 69 (26) 214 (33) 0.03
Exome 43 (16) 127 (20) 0.19
Genome 1(<1) 4 (<1) 1
Mitochondrial 12 (4) 48 (7) 0.11
sequencing
Fragile X 4 (1) 6 (<1) 0.49
Other triplet repeat 0 (0) 7 (1) 0.11
Deletion/duplication 27 (10) 68 (11) 0.91
analysis
Prader-Willi 5(2) 34 (5) 0.02
Molecular diagnosis®, N 121 (38) 246 (36) 0.14
(%)
Karyotype 32 (26) 21 (8) 1.2E-05
FISH 11 (9) 16 (7) 0.40
Chromosomal 39 (31) 54 (22) 0.04
microarray
Single gene 12 (10) 56 (23) 2.6E-03
Gene panel 7 (6) 52 (21) 1.2E-04
Exome 17 (14) 62 (25) 0.02
Genome 0 (0) 1(<1) 1
Mitochondrial 0 (0) 3(1) 0.55
sequencing
Fragile X 0 (0) 1(<1) 1
Other triplet repeat 0 (0) 1(<1) 1
Deletion/duplication 1(<1) 6 (2) 043
analysis
Prader-Willi 0 (0) 5(2) 0.18

Bonferroni p-value threshold is 1.92E-03 based on 26 comparisons.

CHD congenital heart disease, FISH fluorescence in-situ hybridization.

?As proportion of infants with testing sent; 318 of the infants with CHD and
676 of the infants without CHD had genetic testing sent at least once.
Some infants received a molecular diagnosis by more than one test; for
example, an infant diagnosed with 22911 by both exome and chromo-
somal microarray was counted in both categories.

Bold values indicate statistical significance p < 1.92E-03.

CHD. Only eight infants with CHD who had genetic testing (3%) had a
family history of a related genetic disorder as the indication for
genetics consultation. Twelve percent (38/269) of infants with CHD
neither a family history of a genetic disorder as their reason for
genetics consultation nor another major congenital anomaly.

Infants with CHD were more likely to have multiple congenital
anomalies (182/329 vs 107/746, p < 0.001), esophageal atresia (40/
329 vs 15/746, p <0.001), duodenal atresia (17/329 vs 8/746,
p < 0.001), or congenital anomalies of the kidney and urinary tract
(44/329 vs 56/746, p < 0.001) than those without CHD. There was
no difference gestational age, birthweight, NICU admission
duration, or mortality at 1-year between the CHD and non-CHD
groups. Atrial and ventricular septal defects were the most
prevalent types of CHD (33% and 21%, respectively).

SPRINGER NATURE

Genetic testing at BCH

Testing was sent from the NICU with similar frequency in infants
with or without CHD (269/329, 82% vs. 664/746, 86%; p = 0.06).
Karyotype testing was more frequent in the CHD cohort (71/269 vs
109/644, p<0.001). Chromosomal microarray was the most
common test sent while in the NICU in the CHD cohort and
non-CHD cohort (152/269, 56% and 334/746, 52%, respectively;
Table 2). There was also an similar rate of molecular diagnosis
among those who had genetic testing sent regardless of CHD
status (121/318 CHD, 38%; 246/676 non-CHD, 36%; p =0.14).
Diagnosis rates were also similar among infants with CHD
regardless of the presence of other congenital anomalies (14/38
isolated vs 98/231 non-isolated or familial, p = 0.60). The most
common genetic diagnosis among infants with isolated CHD was
22q11 deletion (5/14, 36%). Karyotype was more likely to yield a
molecular diagnosis in the CHD cohort (32/121 vs 21/246,
p <0.001), while gene panels were more likely to be diagnostic
in the non-CHD cohort (52/246 non-CHD vs 7/121 CHD, p = 0.001).
After removing the 29 infants with CHD and Trisomy 21, including
23 who had diagnosis by karyotype sent while in the NICU, there
was no difference in karyotype yield between groups (9/92 CHD vs
21/246 non-CHD, p = 0.67).

Factors associated with molecular diagnosis among infants
with CHD at BCH

In a multivariate model, there was no association between sex, or
birthweight, and the likelihood of having a molecular diagnosis
among the infants with CHD (Table 3). Diagnosis of atrioven-
tricular septal defect or ventricular septal defect was associated
with increased likelihood of a molecular diagnosis (odds ratio [OR]
29.99 (95% confidence interval [Cl] 2.69-334.12, p < 0.001; OR 2.18,
95% Cl 1.02-4.66, p=0.042, respectively)). In analysis of the
relationship between extracardiac anomalies and occurrence of
molecular genetic diagnosis, esophageal atresia was associated
with a decreased likelihood of having a molecular diagnosis (OR
0.11, 95% Cl 0.02-0.06, p = 0.003). Within our cohort, karyotype
testing was associated with an increased rate of molecular
diagnosis (OR 3.67, 95% Cl 1.41-9.54, p = 0.006), while molecular
diagnoses were less frequent among infants who had gene panel
testing (OR 0.25, 95% Cl 0.10-0.68, p =0.004) as part of their
evaluation. When excluding the 29 infants with Trisomy 21 at BCH,
gene panel testing and esophageal atresia remain associated with
a decreased likelihood of a molecular genetic diagnosis (OR 0.31,
95% Cl 0.11-0.87, p =0.02; OR 0.07, 95% Cl 0.01-0.60, p = 0.002,
respectively), while VSD remains associated with an increased
likelihood of a molecular genetic diagnosis (OR 2.38, 95% ClI
1.07-5.31, p =0.031). Assessment by karyotype and AVSD are no
longer associated with a molecular diagnosis after excluding
infants with T21.

Factors associated with diagnosis by CMA among infants in
the combined CHD cohorts

Of the 525 infants with CHD admitted to the CMHH NICU, 284 had
a genetic evaluation performed while in the NICU. Most genetic
evaluations in infants with CHD at CMHH were with chromosomal
microarray testing (271/284, 95%). Forty-six (17%) infants from
CMHH received a molecular diagnosis from the chromosomal
microarray. A multivariate model was used to determine the infant
traits associated with molecular diagnosis by chromosomal
microarray among the infants at CMHH and BCH who had
chromosomal microarray testing (271 at UT, 152 at BCH). As with
the multivariate model for any molecular diagnosis, there was no
association with sex, birthweight, or infant mortality (Table 4).
Further, no subtypes of CHD were associated with a difference in
likelihood of molecular diagnosis by chromosomal microarray.
Infants who died in the first year of life had a trend towards
increased likelihood of molecular diagnosis (OR 6.84, 95% ClI
0.92-51.08, p=0.43). As with the BCH cohort, patients with
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Table 3. Multivariate analysis of traits associated with molecular
diagnosis among infants with CHD.
Factor Odds ratio (95% p-value
cl)
Male sex 0.8 (0.4,1.62) 0.538
Birth weight 1.00 (1.00,1.00) 0.464
Infant mortality 1.38 (0.41,4.7) 0.608
Total NICU days 1.00 (1.00,1.01) 0.3
Critical CHD 0.79 (0.36,1.72) 0.55
CHD type
Hypoplastic left heart 0.78 (0.07,8.95) 0.841
syndrome
Double outlet right ventricle 2.11 (0.38,11.84) 0.399
Transposition of the great 0.51 (0.05,5.1) 0.548
arteries
Tetralogy of Fallot 1.47 (0.45,4.72) 0.523
Atrial septal defect 2.1 (0.96,4.59) 0.058
Ventricular septal defect 2.18 (1.02,4.66) 0.042
Atrioventricular septal defect 29.99 < 0.001
(2.69,334.12)
Pulmonary valve disease 0.39 (0.04,4.41) 0.418
Other 0.96 (0.43,2.1) 0.91
Type of congenital anomaly
Multiple congenital anomalies 0.74 (0.31,1.73) 0.482
Micrognathia/Robin sequence 0.43 (0.03,6.11) 0.518
Omphalocele 0.34 (0.05,2.09) 0.22
Congenital diaphragmatic 0.69 (0.04,11.97) 0.795
hernia
Neural tube defect 0.33 (0.04,2.64) 0.278
Congenital anomalies of 0.75 (0.22,2.63) 0.655
kidney and urinary tract
Brain malformation 0.77 (0.19,3.04) 0.704
Esophageal atresia 0.11 (0.02,0.6) 0.003
Duodenal atresia 0.95 (0.17,5.13) 0.95
Testing sent type
Karyotype 3.67 (1.41,9.54) 0.006
Fluorescence in situ 1.89 (0.46,7.83) 0.37
hybridization
Chromosomal microarray 1.31 (0.64,2.68) 0.465
Single gene 1.02 (0.21,4.81) 0.985
Gene panel 0.25 (0.1,0.68) 0.004
Exome 1.55 (0.6,3.97) 0.362
Mitochondrial sequencing 0.34 (0.06,1.96) 0.216
Deletion/duplication analysis 3.67 (1.41,9.54) 0.099

As the proportion of patients with Ebstein anomaly, gastroschisis, genome
sequencing, Fragile X testing, and Prader-Willi testing was small, adjusted
odds ratios could not be accurately calculated and those factors are not
included in the table.

CHD congenital heart disease, CI confidence interval, NICU neonatal
intensive care unit.

Bold values indicate statistical significance p < 0.05.

esophageal atresia in the combined cohort were less likely to have
a molecular diagnosis by chromosomal microarray (OR 0.08, 95%
Cl 0.01-0.75, p = 0.004).

Molecular diagnoses in combined CHD cohorts

An additional 10 infants at CMHH had a molecular diagnosis on a
test other than chromosomal microarray: four with causal variants

Journal of Perinatology (2024) 44:1196 - 1202

Table 4. Multivariate analysis of traits associated with molecular
diagnosis by CMA among infants with CHD.
Factor Odds ratio (95% p-value
cl)
Male sex 0.52 (0.22,1.2) 0.122
Birth weight 1.00(1.00,1.00) 0.217
Infant mortality 6.84 (0.92,51.08) 0.043
CHD type 0.45 (0.04,5.11) 0.511
Hypoplastic left heart 1.44 (0.17,12.34) 0.742
syndrome
Double outlet right ventricle 0.74 (0.06,9.05) 0.809
Transposition of the great 1.64 (0.42,6.44) 0.481
arteries
Tetralogy of Fallot 0.9 (0.36,2.24) 0.824
Atrial septal defect 1.76 (0.76,4.1) 0.19
Ventricular septal defect 0 (0,Inf) 0.372
Atrioventricular septal defect 0 (0,Inf) 0.175
Ebstein anomaly 0.6 (0.02,16.11) 0.761
Pulmonary valve disease 0.71 (0.27,1.83) 0.476
Other 0.52 (0.22,1.2) 0.122
Type of congenital anomaly
Micrognathia/Robin 0.75 (0.18,3.09) 0.687
sequence
Omphalocele 0.62 (0.12,3.05) 0.547
Gastroschisis 0 (0,Inf) 0.343
Congenital diaphragmatic 0 (0,Inf) 0.353
hernia
Neural tube defect 1.23 (0.14,11.11) 0.853
Congenital anomalies of 1.07 (0.32,3.59) 0.911
kidney and urinary tract
Brain malformation 2.17 (0.54,8.73) 0.281
Esophageal atresia 0.08 (0.01,0.75) 0.004
Duodenal atresia 0.31 (0.02,4.12) 0.344

CHD congenital heart disease, C/ confidence interval.
Bold values indicate statistical significance p < 0.05.

identified via single gene testing (3 CHD7, 1 EVC), two with causal
variants identified by exome sequencing (1 CHD7 and 1 SMARCA4),
two with Trisomy 21 diagnosed via karyotype, and two with
unbalanced translocations found via karyotype. Among the 177
infants in the combined CHD cohort who had a molecular
diagnosis, 48 (27%) had aneuploidies including 33 (69% of
aneuploidies) with Trisomy 21, 5 (10% of aneuploidies) with
Trisomy 13, 4 (8% of aneuploidies) with Trisomy 18, and two (4%
of aneuploidies) with mosaic trisomies (Table 5). Eighty-six infants
had deletions, duplications, or unbalanced translocations, includ-
ing 36 with 22q11 deletion (52% of deletions). Single nucleotide
variants were found in 40 infants, with CHD7 being the most
affected gene, occurring in 14 infants (35% of single nucleotide
variants). Among the other 26 infants with single nucleotide
variants, only PTPN11 had variants in two infants. Finally, four
infants had Beckwith-Wiedemann or Prader-Willi syndromes.
Both Prader-Willi diagnoses were due to 15q11 deletions, while
one Beckwith-Wiedemann diagnosis was due to a deletion and
the other due to abnormal methylation patterns.

DISCUSSION

Comprehensive genetic testing can have a significant impact on
the health and long-term outcomes of infants with CHD by
revealing an etiology for the CHD, helping care providers
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Table 5.

Aneuploidies

Trisomy 21

Trisomy 13

Trisomy 18

Other: mosaic trisomy 8, mosaic trisomy 14, XO, XXX, XXY (2)
Deletions

22911

1p36

Other: 10921, 11q, 11925, 14921, 15q11 (2), 15915, 15921, 15926 (2), 16p11 (2), 16g,
17p13, 1943, 23p26, 2q13, 2q21, 4p16, 4931, 4934, 6p25, 7q11, 9q (2), Xp11, JAG1 exon

1-5 deletion, NF1 deletion
Duplications

22911

Other: 3926, 4922, 8p28, 10924, 14q, 16p13, 18p, Xp22
Single nucleotide variants

CHD7

Other: CHAMP1, CRB2, CREBBP, DDR2, DHCR7, DNAH11, EVC, FLNA, GNAS1, HRAS, KAT6B,
KMT2D, MAP2K1, MMP21, NOTCH1, PACS1, PEX1, PKHD1, PTCH, PTPN11 (2), SETD1A, SMAD4,

SMARCA4, TARP, VARS2
Unbalanced translocation
Other
Beckwith-Wiedemann syndrome
Excessive homozygosity

Molecular diagnoses among 177 infants in combined cohort with CHD.

Infants, N (%) Diagnostic modalities

48 (27)

33 (69) 28 karyotype, 3 CMA, 2 FISH

5 (10) 3 karyotype, 2 FISH

4 (8) 2 karyotype, 2 FISH

6 (13) 3 karyotype, 3 CMA

69 (38)

36 (52) 31 CMA, 3 FISH, 2 targeted

4 (15) 4 CMA

29 (42) 3 karyotype, 23 CMA, 2 exome, 1
single gene

11 (6)

3 (27) 3 CMA

8 (73) 8 CMA

40 (23)

14 (35) 1 exome, 2 gene panel, 11
single gene

26 (65) 15 exome, 5 gene panel, 6
single gene

6 (3) 2 karyotype, 4 CMA

3(2)

2 (67) 1 CMA, 1 methylation testing

1(33) CMA

Some infants received a diagnosis by more than one modality. Among those with Trisomy 21, 2 with diagnosis by karyotype also had the diagnosis by FISH
while one also had the diagnosis by CMA. One infant with Trisomy 13 who had diagnosis by FISH also had CMA. One infant with Trisomy 18 while had
diagnosis by karyotype also had CMA. Of the infants with 22q11 deletion, one with diagnosis by CMA also had exome, and one infant with diagnosis by CMA
also had FISH. Among the infants with other deletions, two with diagnosis on karyotype also had CMA. One infant with molecular diagnosis of 22q11

duplication by CMA also had FISH.

anticipate potential comorbidities, and ultimately enabling
targeted therapies. We found that NICU infants with CHD are as
likely to have a molecular diagnosis as infants without CHD who
had a genetic consultation (121/318 vs 246/676, p = 0.14), despite
the former group being enriched for congenital anomalies that are
not commonly inclusion criteria for rapid genomic testing in the
NICU when they occur in isolation [20, 21], such as esophageal
atresia and micrognathia. Previous studies of neonates with CHD
have also demonstrated that the prevalence of extracardiac
anomalies, particularly those of the ear, nose, and throat or brain,
are associated with an increased likelihood of receiving a
molecular diagnosis after clinical genetic testing [22]. Karyotype
and chromosomal microarray were the most common tests sent
for infants with CHD during NICU admission. These findings
confirmed our hypothesis that infants with CHD benefit from the
approach to genetic testing that prioritizes use of rapid ES/GS
which is becoming standard of care among a general NICU
population, as has also been demonstrated in a recent study that
focused on infants who underwent surgical repair for CHD [23].
Their cohort, though different regarding age and indication for
hospital admission, also demonstrated a high rate of molecular
diagnosis (42% overall).

Our multivariate analysis identified no particular subtype of
CHD or extracardiac diagnosis as being associated with a
molecular diagnosis. Across institutions, chromosomal microarray
is one of the most utilized genetic tests due to its high diagnostic
yield and relatively lower cost [24]. Previous studies have
suggested that chromosomal microarray can provide a molecular
diagnosis for 10-20% of children with CHD [19, 25, 26]. It is also
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known that the use of specific tests varies significantly across
institutions, for example with 26-67% of infants undergoing
surgical repair for CHD having a chromosomal microarray in one
multi-institutional study [27]. However, in our multivariate model,
chromosomal microarray was not positively associated with
receiving a molecular diagnosis indicating that changes in
utilization of genetic testing could improve overall diagnostic
rates for infants with CHD, though a focus on improving the total
proportion of infants with a molecular diagnosis would be most
beneficial.

Of note, clinical ES became available during the study period at
both of our institutions. 14% of infants with CHD and 15% of
infants without CHD received a molecular diagnosis via ES. This
finding aligns with previous recent research that found an
incremental increase in diagnostic yield in infants with CHD who
underwent testing with exome sequencing compared to chromo-
somal microarray [28]. Many of the larger deletions or duplications
detected by chromosomal microarray would also be diagnosed by
exome sequencing, often with a quicker time to result. In addition,
only two out of the 48 exome diagnoses (variants in NOTCHT and
PTPN11) could have been found on the most common CHD panel
[29]. Therefore, our results contribute to the growing body of
evidence supporting the use of exome sequencing for NICU
infants with CHD [29]. Furthermore, cost of testing and parental
perspectives must be factored in when evaluating the use of
exome/genome sequencing as part of the genetic evaluation of
infants.

Our study is limited by the fact that the cohort reflects a level IV
population that differs from the patient population of many
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NICUs. Infants with isolated CHD were a small proportion of those
studied, so the diagnostic rates in that subset may not be
generalizable to all infants with CHD in the NICU. In addition, the
generalizability of our findings may be limited by the fact that our
cohort consists of infants from only two centers and is an
observational study in which the study interval overlapped a
research study of rapid exome sequencing at BCH. Genetic testing
practices at these centers were not standardized, and infants
spent variable amounts of time in the NICU, which could have
affected decisions regarding genetic consultations and testing.
Prior studies have shown that variable testing modalities across
different institutions can contribute towards significant differences
in diagnostic yield [28]. Finally, our participants in the CHD and
non-CHD subsets were not matched for clinical characteristics.

In conclusion, our study aimed to develop a better under-
standing of which infants are most likely to have a molecular
diagnosis identified during early hospitalization to ultimately
improve recommendations for genetic testing among infants with
CHD. Genetic evaluations can optimize infant health and out-
comes through changes in clinical care, targeted therapies, and
early interventions. Our findings contribute to the growing body
of evidence supporting the implementation of institutional
genetic testing guidelines as well as utilization of newer
sequencing methods in newborns with congenital heart defects
to improve patient care. Our study has provided important
findings that we hope contribute to the understanding of genetic
knowledge in hopes of subsequently increasing access to testing.

SUMMARY FOR SOCIAL MEDIA IF PUBLISHED
Congenital heart disease affects ~1% of infants. Most CHD is due
to genetic risk. Of >1000 infants admitted to our NICU, 38% with
CHD received a molecular diagnosis. Our results suggest that
genetic testing should be considered for infants with CHD.

CHD affects ~1% of infants and is mostly genetic. Of >1000
infants, 38% with CHD received a genetic diagnosis. We suggest
testing be considered for CHD.
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