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Differentiate the s igni f icanc e of  isolated versus 
syndromic congenita l  heart disease.

Recognize ”cardiovascul ar  red f lags”  that may suggest 
an underly ing genetic  etiology  ex ists

Identi fy  potentia l  comorbid health r isks of  
congenita l  heart disease and multi factor ia l  e lements 
of  disease

Ascertain when a  genetic  consult  i s  warranted and 
next steps to c lench a  molecular  diagnosis.

Objectives
Incidence

Congenita l  heart disease (CHD) is  the most common 
birth defect among newborns worldwide 

CHD accounts for ~40% of  infant deaths in 
North America 

>1 mi l l ion l ive  births per 
annum global ly  

Cr i t ica l C HD re pre sent 25– 30% of pat ients in
the neonatal intensive care units (NICU).

1 2

3 4



Et io logy
Only 20–30% of cases are able to be associated to a known cause

Environmental factors account for 2% 
of reported cases

Chromosomal anomalies (8–10%) 

Copy number variants (3–25%)

Monogenic factors  (3–5%)

Genetic 
Factors

Gastrulation

Mesoderm develops from primitive cells and 
forms the paired heart tubes that fold and 

unite

Valveless Tubular Pumping
3-4 weeks

Heart layers forms from 2 tubes with specific 
tissue formation.  Contractile unidirectional 

blood  flow occurs at 21 days. 

Neural Crest Migration-
5-6 weeks

Fusion of privative atria and ventricles with 
valve development

Cardiogenesis

Internal Partitioning
4 weeks

Septum primum develops between atria superiorly down towards septum 
intermedium. Hole develops in middle named ostium secundum.  

Septation complete
8 weeks 

Secondary wall fromation occurs in atria. Apical  muscular tiissue grows 
up towards the endocardial cushion.

Cardiogenesis

Syndromic CHD is defined as CHD with other 
congenital anomalies and/or dysmorphic features.

The majority of patients with CHD have an isolated 
heart defect without evidence of other affected organ 
system

Syndromic vs Isolated CHD
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Take the Temperature of the CHD

Children resuscitated from a cardiac arrest

Thoracic aortic aneurysm (TAA)
Cardiomyopathy
Conotruncal defects [tetralogy of Fallot, double outlet of the right ventricle, 
transposition of the great arteries, truncus arteriosus and corrected 
transposition of the great arteries.]

Coarctation of the aorta
Septal defects- VSD is one of the most common congenital malformations of 
the heart.
Dextrocardia
Bicuspid aortic valve
PDA

• Born term to a G4P3 20yo mother
• Fetal ultrasounds unremarkable
• Healthy delivery, clubfeet referred to ortho, murmur
detected with referral to cardiology, dc’d DOL2
• Unresolved murmur at 9-month WCC with GDD,
• Low tone, poor weight gain with dysphagia and speech delays referred to cardiology

and interventional therapy.
• PDA closed by PDA occlusion device at 11 months
• Referred back to cardiology due to syncopal events at 4 years of age and further

imaging revealed...

THE CONSULT: 
INFANT WITH CHD AND DEVELOPMENTAL DELAY

IF IT WALKS LIKE A DUCK
And sounds like a duck- it’s a….. 

VASCULAR RING exhibited by double aortic arch 
*The most common vascular ring.  
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A. Coronal CT of right aortic arch  with aberrant left subclavian artery B. Axial CT image showing left persistent PDA and 
aberrant left subclavian artery forming anomalous vascular ring and causing tracheal compression.  
C. Tortuous ductus
D. Insertion of ductus into ostial left PA.  
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ARE THERE ANY CARDINAL SIGNS IN THIS CASE?

A. Murmur heard at birth
B. Speech and swallowing problems
C. Syncope
D. Vascular ring

Cardinal signs are clinical symptoms that may be diagnostic, and pathognomonic of a diagnosis.

Routine screening may result in any combination of these cardinal 
laboratory features:

• Hypoparathyroidism 
• Hypocalcemia
• Growth hormone deficiency
• Hypothyroidism
• Cytopenia (hemolytic anemia, neutropenia, thrombocytopenia)

THE CONSULT: 
INFANT WITH CHD AND DEVELOPMENTAL DELAY
...BUT ALSO A VASCULAR RING
BUT ALSO GROWTH FAILURE ...

OMIM.org
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Gene(s):  1.5- to 3.0-Mb heterozygous deletion of chromosome 22q11.2

Clinical Characteristics:

• Congenital cardiac defects (conotruncal malformations VSD, tetralogy of Fallot, 

interrupted aortic arch, and truncus arteriosus)

• Palatal abnormalities 

• Characteristic facial features

• Immune deficiency and/ or autoimmune disorders 

• Hearing loss (sensorineural and/or conductive)

• Developmental delay and/or learning difficulties 

• Hypocalcemia

22q11.2 Delet ion Syndrome
AKA: 22Q11.2 DS, DiGeorge syndrome, Velocardiofacial syndrome

• Born term to a G2P1A1 20yo mother, prenatal care initiated at 25 weeks.
• Fetal ultrasounds with oligohydramnios and concern for complex CHD.
• Prenatal history with no exposures (drugs, alcohol, medications), no hypertension or

diabetes.
• BW 2300 g (2), HT: 47 cm (47), and OFC: 31 cm (2).
• Hypoxia at birth, respiratory distress and further imaging revealed...

THE CONSULT: 
SGA NEONATE WITH CHD
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IF YOU HEAR HOOFBEATS
Think Zebras- Not Horses
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THE CONSULT: 
SGA TERM INFANT WITH CHD
... BUT ALSO
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or a horse?

WELL WHAT IS IT? 

A zebra
Select “A” for 1:50,000 zebra

Select “B” for basic 
horse

Gene(s): JAG1 or NOTCH2 

Clinical Characteristics:

• Bile duct paucity  

• Cholestasis

• Congenital cardiac defects ( peripheral pulmonary stenosis & Tetralogy of 

Fallot)

• Skeletal abnormalities (butterfly vertebrae)

• Renal dysplasia

• Growth failure

• Vascular abnormalities

• Posterior embryotoxon

Alagi l le  syndrome
AKA: ALGS, Arteriohepatic Dysplasia, Syndromic Bile Duct Paucity

• Born term LGA to G2 P2 26 yo diabetic mother
• Hemoglobin A1c levels were 10.2 (10w) and 9.2 (30w)
• Fetal ultrasounds with oligohydramnios and concern for complex CHD.
• BW 4200 g (98), HT 49 cm (38), birth OFC 35 cm (~35%)
• APGARs 8 & 9 found to have single umbilical artery
• Additional exam findings: macrosomia, sacral dimple, micrognathia, cleft palate, &

2-3 toe syndactyly.
• Developed cyanosis shortly after delivery and prostaglandins were initiated.

Further imaging revealed...

THE CONSULT: 
LGA TERM INFANT WITH CHD

AN APPLE A DAY 
Keeps the Maternal Fetal Medicine doctor away

Video of infant with pulmonary atresia and
tetralogy of fallot showing hypertrophic 

cardiomyopathy  
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A. Polyhydramnios
B. Macrosomia
C. Sacral dimple, micrognathia, cleft palate, 2-3 toe syndactyly. 
D. Maternal hemoglobin A1c levels were 10.2 (10w) and 9.2 
(30w)

BUT ARE THERE ANY RED FLAGS IN THIS CASE?

Red flags are clinical signs or clues that raise suspicion of a possible underlying pathology or diagnosis
https://my.clevelandclinic.org/health/diseases/23425-caudal-regression-syndrome

Reducing and maintaining HBA1c below 6.1% and having a goal 
of body mass index of less than 25 during the preconception 
period should be advised to all women. 

Several studies have also demonstrated the benefits of folic acid 
supplementation(5mg/day) starting even prior to conception to 
reduce the incidence of neural tube defects.

Gene(s):  Present in 1% of all pregnancies. Maternal diabetes is a teratogen altering embryonic 

transcriptional profiles and increases the variation between transcriptomic profiles as a result of

altered gene regulation. 

Elevations in hemoglobin A1c higher than 6% to 6.5% during the first 10 weeks of pregnancy may 

increase the risk of diabetic embryopathy

Clinical Characteristics

• Can affect any developing system- most commonly cardiovascular and neural tube defects 

with or without vertebral anomalies 

• Atrioventricular septal (AVS) defects, hypoplastic left heart syndrome, and persistent truncus 

arteriosus are the most frequent cardiac malformations  

• Characteristic facial features: macrosomia, micrognathia,  hemifacial microsomia

• Urogenital anomalies include renal agenesis, hydronephrosis, polycystic kidney, double and 

hydroureter. 

Diabetic  Embryopathy 
• Born term via c-section to G2 P2 26 yo mother
• Fetal distress with SVT with HR 300bpm
• At delivery chemically converted with adenosine with resolution
• Post-delivery EKG with no signs of pre-excitation, started on propranolol.
• Discharged to home on DOL #5.
• Returned for urgent care on DOL#10 for tachypnea, respiratory distress with return of

SVT-received cardioversion. Observed for 48hrs with no return and sent home.
• At 1 month returned with HR >200bpm at night and further imaging revealed...

THE CONSULT: 
PRENATAL/ NEONATAL SVT 
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IT WAS JUST A RED HERRING

left ventricular noncompaction 
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A. Polyhydramnios
B. Maternal Covid 19 infection 
C. Ventricular Dysfunction 
D. Hydrops Fetalis

WHICH OF THE FOLLOWING CAN BE THE ETIOLOGY OF FETAL 
SVT?

THE CONSULT: 
PRENATAL/ NEONATAL SVT 
... BUT ALSO

https://www.mountsinai.org/health-library/symptoms/hypotonia
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Gene(s):  GAA

Polyglucosan vacuolar myopathy that results from absence or partial deficiency of  

acid alpha-glucosidase enzyme activity in the lysosome. 

Clinical Characteristics:

• Hypotonia, progressive weakness

• Hypertrophic cardiomyopathy

• Diaphragm and intercostal muscles: respiratory failure 

• Proximal skeletal muscle: progressive limb-girdle myopathy 

• Genioglossus: tongue weakness 

• Extraocular muscles: unilateral or bilateral ptosis 

• Smooth muscle: abdominal pain/nausea/vomiting/diarrhea/urinary 

incontinence 

• Cerebral vasculature: cerebral aneurysm.

Pompe Disease
AKA:  AKA: Acid Alpha-Glucosidase Deficiency, Acid Maltase Deficiency, GAA Deficiency, 

Glycogen Storage Disease Type II (GSD II), Glycogenosis Type II
• Born term via c-section to G2 P1 26 yo mother
• Had prenatal care, mother took zolpidem
• BW 3020gms. NBS with hypothyroidism
• Had respiratory distress and harsh murmur and was transferred to tertiary care

center
• Initial genetic screen was negative.
• Exam findings of: Widely spaced eyes, macrocephaly, short neck and further

imaging revealed...

THE CONSULT: 
THE TERM INFANT WITH SHORT STATURE 
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I HAD A GUT FEELING 
So I just followed my gut

L-TGA with Pulmonary valve stenosis 
and subpulmonary VSD with RPA narrowing 

THE CONSULT: 
THE TERM INFANT WITH SHORT STATURE 
... BUT ALSO

https://www.aboutkidshealth.ca/article?contentid=1637&language=english&hub=genetics
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ARE THERE ANY CARDINAL SIGNS IN THIS CASE?

A. Pulmonary valve stenosis
B. Short Stature
C. Short neck
D. Hypertelorism and downslanted palpebral 
fissures

Gene(s):  PTPN11(50%), KRAS, SOS1, RAF1, SHOC2, NRAS, CBL, BRAF, and MAP2K1 

account for approximately 75%–80% of all Noonan syndrome cases. Additionally 

known associated genes include RIT1, PPP1CB, SOS2, and LTRZ1.

Clinical Characteristics:

• Congenital cardiac defects seen in 80% of cases: most common PV stenosis, 
secudum ASD and hypertrophic cardiomyopathy

• Growth failure is a cardinal feature

• Characteristic facial features

• Dysphagia, dental malocclusions

• Developmental delay and/or learning difficulties 

• Cryptochidism with delayed puberty associated with male infertility

• Can have factor deficiency, thrombocytopenia 

Noonan Syndrome
AKA:  Male Turner Syndrome, Leopard Syndrome, RASopathies

Ok that’s great 

but-

What test do I 

order?

https://www.aboutkidshealth.ca/

22q11.2
https://www.rarechromo.org/
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https://www.cdc.gov/pulsenet/pdf/Genome-Sequencing-508c.pdf

https://www.ncbi.nlm.nih.gov/books/NBK1124/
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