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Syndromes, genetic evaluation, and fetal malformations

• Most structural anomalies are isolated, with a more favorable outcome

• Some are associated with genetic syndromes, often with a less 
favorable outcome

• No one genetic test tells you about all possible genetic disorders

• Suspecting a specific syndrome can guide and optimize testing



Selecting Genetic Testing
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More specific testing, greater certainty of diagnosis



Making a precise diagnosis is 
important for determining:

•Etiology

•Prognosis

•Recurrence risk

•Prevention / prenatal diagnosis options 

in future pregnancies



What syndromes to think about (and what 
to do) when you see…

•Enlarged nuchal translucency

•Ventral wall defects

•Cardiac anomalies

•Short long bones



Increased NT is a nonspecific finding

Many mechanisms and many causes

• Aneuploidy (Turner syndrome, Down syndrome)

• Structural anomalies

• Cardiac abnormalities

• Others

• Single gene disorders

• RASopathies (Noonan syndrome)

• Skeletal dysplasia

• Other genetic diseases

What is the appropriate evaluation 
for increased NT in the cfDNA era?



37 y.o. G1P0 at 13 weeks, cfDNA + for Down syndrome

CVS: trisomy 
21



• Several tests can make the 

diagnosis

• Cell free DNA screening

• Amniocentesis or CVS

• Fluorescence in situ hybridization

• Karyotype (FISH)

• Chromosomal microarray

• Karyotype is the best option

• Definitive diagnosis

• Identifies translocation and 

recurrence risk

• Cell free DNA

• Late gestational age, patient 

declines diagnostic testing

• High PPV with typical anomalies

Suspected Down syndrome



38 yo G2P0 at 13 weeks, cfDNA + for trisomy 18



38 yo G2P0 at 16+ weeks, cfDNA + for trisomy 18



Ultrasound features of common aneuploidies

Trisomy 21 Trisomy 13 Trisomy 18 45,X (Turner 

syndrome)

NT Enlarged Enlarged Enlarged Very enlarged

Cardiac Common, AV canal 

defect, TOF, ASD/VSD

HLHS, VSD/ASD ASD/VSD, TOF Hypoplastic left 

heart, coarctation

Facial Absent nasal bone CL/CP, microphthalmia,

anophthalmia

CL/CP, micrognathia Usually normal

CNS Mild ventriculomegaly Holoprosencephaly, 

ventriculomegaly, ACC 

microcephaly, myelomeningocele

CPC, Dandy Walker, 

myelomeningocele, 

ventriculomegaly, ACC

Usually normal

GU Mild pelviectasis Polycystic kidneys, cystic 

dysplasia

Bladder outlet 

obstruction

Horseshoe kidney

GI Echogenic bowel, 

duodenal atresia

omphalocele Esophageal atresia, 

omphalocele, CDH

Usually normal

Other Thick nuchal fold, cystic 

hygroma, hydrops, ARSA, 

polyhydramnios

Limb reduction defects, 

polydactyly, radial aplasia, FGR, 

polyhydramnios

Clenched hands, FGR, 

rocker bottom feet, 

polyhydramnios

Hydrops, cystic 

hygroma, FGR, 

polyhydramnios



34 y.o. G2P0 at 13 weeks, routine screening

Upper extremities



34 y.o. G2P0 at 13 weeks: thanatophoric dysplasia

Upper extremity

Lower extremities

Lower extremities

With enlarged NT: do a 

detailed ultrasound!



Ventral wall defects



• Omphalocele

• OEIS (omphalocele, exstrophy of the cloaca, 

imperforate anus, and spine abnormalities)

• Pentalogy of Cantrell (heart, pericardium, diaphragm, 
sternum, ventral wall)

• Gastroschisis

• Limb-body wall /body stalk anomaly/amniotic band 

sequence

• Cloacal extrophy

• Bladder extrophy
OEIS complex

Types of ventral wall defects



Cord Insertion:  Physiologic Herniation in 
Early Pregnancy

11 weeks 18 weeks



Gastroschisis versus omphalocele

Important to distinguish as they 
are VERY DIFFERENT



Stoll C et al,
Am J Med Genet 2021

Omphalocele: much 
higher rate of associated 

anomalies than 
gastroschisis



Omphalocele

• Failure of abdominal viscera to return to the abdomen

• 1/1000 pregnancies –> 1/4000 to 6000 live births

• 60% to 80% have associated anomalies

• 50% of these are congenital heart defects

• Clinically recognized disorder: ~60%

• 1/3 have trisomy 18 or another aneuploidy (T13, T21)

• Lower with isolated

13 wk omphalocele



Omphalocele

• Failure of abdominal viscera to return to the abdomen

• 1/1000 pregnancies –> 1/4000 to 6000 live births

• 60% to 80% have associated anomalies

• 50% of these are congenital heart defects

• Clinically recognized disorder: ~60%

• 1/3 have trisomy 18 or another aneuploidy (T13, T21)

• Lower with isolated

➢High risk of aneuploidy with smaller lesions

13 wk omphalocele:
Trisomy 18



Omphalocele associations

Common Rare

• Aneuploidy (T18)
• Beckwith-Weidemann 

syndrome
• Pentalogy of Cantrell (heart, 

pericardium, diaphragm, 
sternum, ventral wall)

• OEIS sequence (omphalocele, 
exstrophy of the cloaca, 
imperforate anus, and spine 
abnormalities)

• CHARGE
• Cornelia de Lange
• Focal dermal hypoplasia
• Fryns syndrome
• Fraser syndrome
• Boomerang dysplasia
• Carpenter syndrome
• Shprintzen syndrome
• Fibrochondrogenesis, type 1
• Hydrolethalia
• Pallister-Killian syndrome
• Meckel-Gruber syndrome



Beckwith Weidemann Syndrome (BWS)

• Reported in 5-25% of fetal omphaloceles

• Higher (37%) after exclusion of aneuploidy

• Higher chance with IVF pregnancies

• Usually contain only small bowel

• Usually no other structural anomalies but can have overgrowth 

including macrosomia, organomegaly, macroglossia, 

polyhydramnios, and placentomegaly

• One recent study, only 33% of cases were diagnosed prenatally



G1P0 at 32 weeks’ gestation



Beckwith Wiedemann Syndrome

• Molecular studies done on 
amniotic fluid confirmed BWS.

• Hypomethylation of IC2 gene, 
the most common genetic 
cause of BWS.



Monochorionic/diamniotic twins: 16 wks

Twin A

Twin A Twin B



Twin A

Twin A Twin B

Monochorionic/diamniotic twins: 16 wks



Hypomethylation of BWS-IC2 critical region, responsible for 50% of BWS cases

Twin A

Twin B



• N=301 prenatal samples tested for BWS; 40 were positive

J Assist Reprod Genet (2018) 



Gastroschisis

• Defect right of the umbilical cord 

• Not covered by a membrane

• Usually isolated

• Associated anomalies are often related to bowel injury

• Chromosome abnormalities are rare

• Risk factors: young maternal age, low BMI, nulliparity, 

rural birth, cigarette and alcohol use, some over-the-

counter medications

• 2-5 per 10,000 live births, rate increasing in many studies



Am J Epidem 1985

N=791 cases of prenatal CHD
• 25% had extracardiac malformations
• 12% chromosomal abnormalities
• 5% 22q11.2 deletion syndrome

• 25% of children with CHD had extracardiac malformations

• 1/3 of these had known genetic disorders

PLoS ONE, 2021

Genetic causes of CHD



• Atrioventricular septal defect:  75% (mostly trisomy 21)

• Tetralogy of Fallot:   25% (many are 22q11.2 deletion)

• Transposition of great arteries:  Rare

•Genetic causes affect:

• Associated anomalies

• Outcomes of syndromic versus non-syndromic cases

• Recurrence risk

• Test options in future pregnancies

Rate of syndromic associations and other extracardiac 
malformations varies with type of CHD



Ultrasound features of 22q11.2 deletion syndrome

•Conotruncal heart defects

• Truncus arteriosus, tetralogy of Fallot, interrupted 
aortic arch type B, DORV, pulmonary atresia

•Absent thymus

•Cleft palate

•Renal anomalies

•Growth restriction

•Wide CSP 

Dou, Y. et al. J Clin Immunol 40, 783–785 (2020)



Important prognostic implications:

• Many associated anomalies, 
including cleft palate, 
developmental delay and 
psychiatric disorders

• About 5% of cases inherited 
from apparently normal parent

• If so, recurrence risk is 50% (vs 
2-3% for isolated heart defect)

• Prenatal diagnosis very accurate

22q11.2 deletion syndrome (DiGeorge)



36 yo G4P0 at 24 weeks’

• Ultrasound: wide CSP, complex CHD 

including VSD with malalignment, 

interrupted aortic arch

• Findings suspicious for 22q11.2 

deletion syndrome

• Prognosis for isolated CHD and 

22q11.2DS are much different



Suspected 22q11.2 deletion syndrome

• Several tests can make the diagnosis

• Cell free DNA screening including 22q11.2DS

• Amniocentesis or CVS:

• Chromosomal microarray

• Karyotype with FISH for 22q11.2

• Chromosomal microarray is the best option

• Definitive diagnosis

• Detects other CNV as well

• Cell free DNA

• Late gestational age, patient declines diagnostic testing

• Accuracy varies by laboratory; sensitivity varies widely but lower than CMA

• PPV with typical heart defect much higher than with normal ultrasound

FISH



G1P0 at 27 weeks with short long bones 



G1P0 at 27 weeks with short long bones:
normal bone morphology 





FL and HC in achondroplasia

X X
X

X



• N=47 cases

• Correct in 46 (96.2%)

• Useful tool in 3rd trimester to distinguish FGR from 

achondroplasia

Chitty LS, et al. Prenat Diagn 35:656, 2015





Conclusions

•Even if US anomaly is felt to be lethal, full evaluation is 

important.

  Prognosis

  Recurrence

•Value of detailed imaging evaluation, careful history, 

and genetic consultation and testing.

•Range of testing options depending on certainty that 

disorder is genetic, suspicion of diagnosis



Thank you!
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