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Objectives

 To review maternal screening options for aneuploidy

 Traditional maternal serum markers

 Prenatal ultrasound abnormalities 

 Noninvasive Prenatal Screening (Cell-free fetal DNA)

 Invasive Prenatal Screening

 Karyotype vs chromosomal microarray (CMA)

 To discuss carrier testing



Definitions
 Aneuploidy: presence of an abnormal number of 

chromosomes (ie 47: Trisomy 21 or  45: Turner XO)

 Euploidy: condition in which an 

entire set of chromosomes is 

duplicated once or several times

(ie triploidy (69 XXY))

 MFM-perinatologist (high risk OB)

 Cell-free fetal DNA – includes:

 MaterniT 21, verifi, Panorama, Harmony



 Monday morning. You have many administrative 
meetings scheduled.  You check your EMR and see 
7 newborns in the Well Baby Nursery. “Should be 
do-able.”

 Nurse says: “Oh, Dr. GoFast, I’m so glad you’re 
here!  Ms. So Worried and her baby just arrived, 
and she’s very anxious and wants to know if her 
baby has Trisomy 21.”



Baby Boy Worried (#1)
 3600 gram (7 lb, 15 oz) 39 week gestation; born 

vaginally to a 20 y.o. G1P0.  

 Prenatal history: 
 An abnormal first trimester screen

 ultrasound (increased nuchal lucency) 

 normal hCG and PAPP-A.

 MaterniT21 – positive for Trisomy 21. 

 Anatomy scan: normal except for an echogenic foci.  
Fetal echo normal (except for echogenic foci) 

 Mother refused amniocentesis. 



Prenatal Testing

Before Current

 First trimester screen

 Nuchal translucency

 hCG, PAPP-A

 Second trimester quad screen

 Inhibin-A, hCG, uE3, AFP

 Ultrasound

 Karyotype

 First trimester screen
 Nuchal translucency

 hCG, PAPP-A

 MaterniT21  (or 
Verifi/Panorama/Harmony)

 AFP (+/- rest of quad)

 Ultrasound

 Chromosomal microarray 
(CMA) or karyotype



First Trimester Screen



Nuchal (Trans)lucency and Fold

Normal first trimester nuchal translucency Thickened nuchal fold in second trimester



Increased Nuchal Lucency in 1st Trimester

 1/3 chromosomal (Trisomy 21, 18, 13, 45XO)
 Cardiovascular defects
 Pulmonary defects
 Skeletal dysplasias
 Infection
 Metabolic abnormalities
 Hematologic abnormalities
 Genetic syndromes

 Cornelia de Lange
 Noonan
 Smith-Lemli-Opitz syndrome
 Apert syndrome 

Increased risk of fetal demise (2% if resolves; 20% if persistent) 



Second Trimester Screening 
Sequential/Integrated



Cell-Free DNA
 Became available in 2011

 Initially offered to high risk mothers

 Now offered to all pregnant women at my institution

So what is this and does it really work?



Cell-Free “Fetal”  DNA 

 Both mother and fetal-placental unit produce cell-free 
nucleic acids which can be detected in maternal blood

 Nonmaternal: due to apoptosis of 

placental cells (syncyiotrophoblast);

also, apoptosis of fetal erythroblasts

 Maternal: produced by maternal hematopoetic cells

 Cell-free “fetal” DNA:  
 10-20% of total cfDNA = “fetal fraction” 

 Usually need >4% to report test. May be < 4% with 
maternal obesity, sampling before 10 weeks, fetal 
aneuploidy. 



Sequencing Methods

1. Massively parallel sequencing (MPS) of the whole 
genome

2. Targeted sequencing

3. Single nucleotide polymorphisms (SNP)

Fetal DNA <150 base pairs in length; maternal fragments 
are larger (166 -300 base pairs). 

Bianchi DW. Clin Chem2014;60:78-87.
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MaterniT21 (and verifi)

Original Plus (Expanded)

 Trisomy 21

 Trisomy 18

 Trisomy 13

 Sex Chromosome 

 XO (Turner’s)

 XXX (Triple X)

 XXY (Klinefelters)

 XYY

 Trisomy 16

 Trisomy 22    (verifi Trisomy 9)

 Microdeletions

 22q11.2 (DeGeorge)

 Cri-du-Chat

 Prader-Willi/Angelman

 1p36

 4p (Wolf-Hirschhorn)

 8q (Langer-Giedion) (verifi-no)

 11q (Jacobsen) (verifi-no) 



VisibiliT (MaterniT21-Lite)

 Cell-free DNA for low risk patients

 ~$300

 Blue Cross-Blue Shield pays for this in low-risk infants

 Screens for Trisomy 21 and 18

 Identifies fetus’s sex (male/female)



MaterniT Genome

 Results not limited to 
Trisomy 21, 18 and 13

 Detects any duplication 
or deletion > 7 Mb (and 
select deletions < 7Mb 
on any chromosome)

 Incidence of these copy 
number variants may be 
as high as 0.5% (1:200)

Lefkowitz RB, et al. Clinical validation of noninvasive prenatal test for genome wide
detection of fetal copy number variants. Am J Obstet Gynecol 2016. In press. 1.e1-1.e16.



Non-Invasive Prenatal Chromosomal Aneuploidy
Testing-Clinical Experience 100,000 Clinical Samples

 Indications for Screening:
 AMA 60%

 US finding 14%

 Serum Screening 11%

 Personal or Family History 4%

 Other 1%

 Multiple reasons 10%

 Age:  35.1 years

 GA:   15 3/7 weeks

 4.54  business days

 1.3% results not reportable

McCullough RM, et al. PLOSONE 2014; volume 9.



Non-Invasive Prenatal Chromosomal Aneuploidy 
Testing:  Clinical Experience 100,000 Clinical 

Samples

 Sensitivity (for Trisomy 21): 99.6%

 Specificity (for Trisomy 21): 99.9%  

But Sensitivity and Specificity are NOT Positive 
Predictive Value (PPV)!          

McCullough RM, et al. PLOSONE 2014; volume 9



ACOG (May 2016)

 Screening for aneuploidy should be an informed patient 
choice, with an underlying foundation of shared decision 
making that fits the patient’s  clinical circumstances, 
values, interests, and goals.

 All women with a positive cell-free DNA test result should 
have a diagnostic procedure before an irreversible action, 
such as pregnancy termination, is taken.

 Cell-free DNA screening tests for microdeletions have not 
been validated clinically and are not recommended at this 
time. 

ACOG Practice Bulletin. Screening for Fetal Aneuploidy. Obstetr Gynecol
2016;163(May) (Published ahead of print)



Age 35: Risk of Trisomy 21 
1:280 (=1000/280,000)at 16 weeks gestation

280,000

http://www.medcalc.org/calc/diagnostic_test.php

→
→



Age 20:  Risk of Trisomy 21 is 1:1200 
(1000:1,200,000)

1,200,000

→
→



Cell-free “Fetal” DNA

 Is really Placental Cell-free DNA.

 “Confined placental mosaicism” can lead to false positives 
and false negatives

 False positives: confined placental mosaicism, resorbing 
twin, maternal malignancy, maternal aneuploidy

 Studies show a 2% risk of aneuploidy if traditional 
screening test  (ie quad screen, US) is abnormal but cf DNA 
test is normal.



DNA Sequencing versus Standard Prenatal 
Aneuploidy Screening

Cell-Free DNA Standard 
Screening

Trisomy 21

Positive Predictive
Value(%) 45.5% 4.2%

Negative Predictive 
Value (%) 100 (99.8-100%) 100 (99.8-100%)

Bianchi DW.  N Engl J Med 2014;370:799-808.

Relative reduction of 89% in the number of amniocentesis (or CVS)  required 
to confirm a positive screening result.



“Soft” Ultrasound Markers for Trisomy 21

 Echogenic intracardiac focus
 Hypoplastic nasal bone
 Pyelectasis
 Hyperechoic bowel
 Slightly shortened humerus or femur*
 Hypoplasia of middle phalanx of fifth digit*
 Separation of great toe (sandal gap toe)*
 Widened iliac angle*

 Ventriculomegaly
 Choroid plexus cysts



Echogenic Intracardiac Focus
 Seen in 24-30% of fetuses 

with Down syndrome vs 4% 
of normals (2-8%)

 Related to 
microcalcification/fibrosis of 
the papillary muscle or 
chordae

 Incidence decreases with 
increasing gestational age

 Often disappears postnatally

 Not associated with 
myocardial dysfunction or 
structural anomalies



Nasal Bone and Trisomy 21

• In FASTER trial, successful exam: 76% of 6324 patients.  
• None of the 11 cases of Down syndrome were identified.
• Probably not useful



Echogenic Bowel

 Increased echogenicity of fetal bowel

 Increased risk of fetal demise 

 Associations

 Chromosomal abnormalities 4-25%

 IUGR

 Cystic fibrosis

 CMV and other congenital infections 

 Intra-amniotic bleeding

 GI obstruction



Echogenic Bowel

Normal bowel Echogenic bowel



Choroid Plexus Cysts
 Occur in 30-50% of fetuses with 

Trisomy 18, and 0.6-3% of all 
second trimester fetuses

 Caused by filling of 
neuroepithelial folds with CSF

 PPV for aneuploidy of isolated 
choroid plexus cysts is 1:200-
1:400

 If isolated, associated with 
normal neurodevelopmental 
outcome



Does Baby Worried have Trisomy 21?

Trisomy 21

 Flat facial profile

 Poor Moro

 Excessive skin at nape of neck

 Slanted palpebral fissures

 Hypotonia

 Hyperreflexibility of joints

 Dysplasia of pelvis

 Anomalous ears

 Dysplasia of midphalanx of fifth 
finger

 Simian crease

Baby Worried

 Normal facial profile

 Normal Moro

 No nuchal fold

 Slanted palpebral fissures

 Normal tone/joints

 Normal ears

 No clinodactyly

 Unilateral  Simian crease 

No structural abnormalities on ultrasound;  +echogenic foci;
abnormal MaterniT21  probably NOT



Baby #2

 38 week, 2400 gram(5 lb, 5 oz) male infant born after 
STAT C-section for fetal distress, to a 41 year old G1Po

 Prenatal ultrasound: single umbilical artery with no 
other abnormalities.

 Chromosomal microarray: 46 XY

 Pregnancy followed with serial ultrasounds and 
biophysical profiles for IUGR.



Screening infants with an isolated single umbilical 
artery for renal anomalies: Nonsense?

 Retrospective, 1997-2005, Netherlands
 10% renal anomalies
 General population: 3.1-17.7% have abnormalities seen on renal US 

(mean 10%)
 Routine screening: not necessary 

 1973 study:  0/266 surviving with SUA had a renal anomaly (vs 28% of 
SUA infants who died)

Froelich LA, Fujikura T. Pediatr 1973;52(1):22-29.
Doornebal N, et al. Early Hum Dev 2007;83:567-570.
Thummula MR, et al. J Pediatr Surg 1998;33:580-585. 



Chromosomal Microarray (CMA)
vs Karyotyping

 23 chromosomes  contain 3.2 billion bases pairs

 Kilobase = 1000 base pairs 

 Megabase = 1,000,000 base pairs 

 Karyotype resolution:   5-10 megabase pairs

 CMA resolution: 35 kb;  1/100 size of smallest 
abnormality seen on karyotype



Chromosomal Microarray (CMA) vs
Karyotyping for Prenatal Diagnosis

 Both diagnosed all autosomal and sex 
chromosome number abnormalities (8.7%)

 Structural anomalies
 Karyotype detected 1.5%; CMA detected 1%

 CMA failed to detect:
 Balanced translocations

 Triploidy

Wapner RJ, et al. NEJM 2012;367(23)2175-2184. 



CMA with Normal Karyotype
Indication   Normal 

Karyotype
Uncertain-
Potential
Significance

Pathogenic Pathogenic 
+Potential
for 
Significance

Any 3822 61(1.6%) 35(0.9%) 96(2.5%)

AMA 1966 25(1.3%) 9(0.5%) 34(1.7%)

+Trisomy 
21 screen

729 9(1.2%) 3(0.4%) 12(1.6%)

Anomaly 755 24(3.2%) 21(2.8%) 45(6.0%)

Other 372 3(0.8%) 2(0.5%) 5(1.3%)

Wapner RJ, et al. NEJM 2012;367(23)2175-2184. 



Lessons from Baby #2

 Although SUA is associated with congenital anomalies, 
IUGR, increased risk of fetal demise, and adverse labor 
events, a nondysmorphic infant with isolated SUA 
does not need extra evaluation in WBN.

 Chromosomal microarray, rather than karyotype, is 
preferred test. 



Baby #3
 25 yo G1 PO with family history of cystic fibrosis. Mother 

decided to have an Extended Carrier Panel and was told 
that she is not a carrier for CF but she is a carrier for 
Joubert syndrome. Father of baby is “negative for Joubert.”

 Prenatal ultrasound was normal except for a questionably 
small cerebellum.  Fetal MRI was recommended but 
parents decided not to have it done when father’s screen for 
Joubert was negative.

 Infant is mildly hypotonic, with some “funny eye 
movements” described by nursing. 



Questions 
 Is carrier testing done routinely on all 

pregnancies?

 What is Joubert’s?

 How do I assimilate this data to formulate a plan?



Carrier Screening
 All

 Cystic fibrosis

 African, Southeast Asian, Mediterranean descent
 Hemoglobinopathies

 Ashkenzi Jewish
 Tay-Sachs (also French Canadian, Cajun ancestry)

 Cystic fibrosis

 Canavan disease

 Familial dysautonomia

 *Other (Niemann-Pick, type A, Group C Fanconi anemia, 
Mucolipidosis IV, Gaucher diesease, Bloom syndrome) 



Carrier Screening (continued)

 Targeted

 Spinal muscular atrophy +/- *family history

 Fragile X:  family history of:

 Developmental delay

 Autism

 Premature ovarian insufficiency

ACOG and *American College of Medical Genetics (ACMG)



Extended Carrier Panels
Counsyl Family Prep screen

 >100 disorders

 Full exon sequencing

 Detection rate 94%

 85 of 98 disease have > 
90% detection rates

Progenity Global Plus

 232 disorders

 Targeted mutation screening

 Detection rate 10-99%

 Residual risk may be high





Progenity Pan-Ethnic Carrier Panel
(>200) 



Joubert’s Syndrome

 Autosomal recessive disorder

 Rare: 1:80,000-1:100,000 

 Symptoms: hypotonia, abnormal eye movements, 
tachypnea alternating with apnea, ataxia, 
developmental delays

 May have associated anomalies 

 19 genes identified



Back to Baby #3
 Facts: mother a carrier for Joubert syndrome, abnormal prenatal US 

c/w Joubert, hypotonia, nystagmus on PE

 Father “not a carrier” 

 Counsyl (~100):  Detection  Rate 99%

 Progenity (~200):  Detection Rate

Ashkenazi Jewish 95%
Other <10%

 Assessment: Infant is probably homozygous for Joubert. 
 Plan: Order ultrasound (or MRI), genetics consult, neurology 

consult.



Take Home Message re: Carrier Screening

 Extended Carrier Panels are not routinely recommended by 
ACOG

 ACOG recommends carrier screening for: 

 all patients for cystic fibrosis, 

 for hemoglobinopathies for certain ethnic groups,

 for 3-8 rare disorders for the Ashkenazi Jewish population,

 For SMA and Fragile X, when there is positive family history.

 If the infant has symptoms consistent with the mother’s 
heterozygous carrier state, this is probably the most likely 
diagnosis, even if the father had a negative carrier screen.



Baby #4
 38 week gestation, born via C-section to a G1 P0

 Prenatal US- 2 cm cystic mass in the right mid-
abdomen. No other anomalies noted.

 MaterniT21 – female (46 XX).

 +/- Pediatric Surgery consult

 PE-normal. No abdominal mass palpable. 



Differential diagnosis of abdominal cyst

Common
 Ovarian cyst
 Meconium pseudocyst
 Mesenteric cyst
 Urachal cyst 
 Enteric duplication
 Choledochal cyst

Less common
 Hepatic cyst
 Splenic cyst
 Extra-lobar pulmonary sequestration
 Pancreatic cysts
 Adrenal cysts



Outcome of Antenatally Diagnosed Abdominal 
Cysts

(47%)

• 24% resolved on postnatal scan
• Ovarian cyst most common; 50% diagnosed prenatally; 69% (of total) resolved
• 29% required surgery (choledochal cyst (5), enteric duplication (5), meconium 

pseudocyst (4), patent urachus (1), non-resolving 8 cm ovarian cyst(1))
• Sherwood W, Lakhoo K. Postnatal outcome of antenatally diagnosed intra-abdominal cysts. 

Pediatr Surg Int 2008;24:763-765.      



Baby #5
 PG complicated by: prenatal US-mild bilateral cerebral

ventriculomegaly (12 mm). No CNS or intraabdominal
calcifications; No ascites; no polyhydramnios.  EFW and 
BPD (HC) is 50% for GA.

 No history of viral illness, consumption of undercooked 
meats, exposures to cats, or rodents (mice, hamsters).

 Family history is negative for L1CAM anomalies:
 Agenesis of corpus callosum
 Hirschsprung disease or other intestinal pseudo-obstruction
 Limb anomalies
 Hydrocephalus

 Prenatal work-up included:
 Karyotype 46 XY
 CMV and toxo PCR on amniotic fluid negative
 Fetal MRI at 23 weeks-mild ventriculomegaly; no other CNS 

anomalies



Fetal Ventriculomegaly
 Prevalence 1:675 (0.15%)

 M:F = 1.7:1

 Ventriculomegaly = atrial diameter > 10 mm

 Mild 10-12 mm

 Moderate 13-15 mm

 Severe > 15 mm

 Associated anomalies 10-76%

 Abnormal karyotype 4.7%



Etiology of Fetal Ventriculomegaly
 Idiopathic

 Chromosomal disorders (5%)

 Genetic syndromes

 Aqueductal stenosis
 Developmental (X-linked, stenosis of aqueduct of 

Sylvius)

 Acquired (fibrosis from infections, IVH, mass)

 Cortical malformations
 Cortical atrophy from infection 

 Migrational abnormalities



Fetal MRI for CNS Anomalies

 65% agreement between ultrasound and MRI

 22% more info with MRI (mostly midline defects)

 2% postnatal MRI showed abnormalities not shown on 
fetal MRI

 2.5% false positives with MRI

 2%- 5.5% seen on ultrasound; not seen on fetal MRI

Rossi AC, Prefumo F. Additional value of fetal magnetic resonance imaging in the 
prenatal diagnosis of CNS anomalies: a systematic review of the literature. Ultrasound 
Obstet Gynecol 2014; 44: 388-393. 



Developmental Outcome of Isolated Mild 
Fetal Ventriculomegaly

 Older articles have reported 30% risk of neurodevelopmental 

sequelae, but 8% risk on meta-analysis.

Pagani G, et a. Neurodevelopmental outcome in isolated mild fetal ventriculomegaly: 
systematic review and meta-analysis. Ultrasound Obstet Gynecol 2014;44: 254-260.



Lessons from Baby # 5

 Mild fetal ventriculomegaly may be benign if isolated. 
The likelihood of abnormal neurodevelopmental 
outcome is ~8-30%.

 Order MRI or ultrasound postnatally. 

 Consider CMV PCR (saliva, urine) if not sent 
prenatally.

 Consider neurology consult as outpatient. 



Baby #6
 3300 gram (7 lb, 4 oz) ,  38 weeks,  NSVD 

 Prenatal ultrasound: bilateral clubfeet. No other 
anomalies. 

 Karyotype 46 XY



Talipes Equinovarus (Clubfoot)

 Developmental deformity of the foot where: 

 Smaller calf muscles

 Adductus of forefoot

 Varus of the heel (heel is turned in)

 Equinus of the foot (foot in plantar flexed)

 0.4-8/1000 live births

 M:F 2:1

 30-60% bilateral

 50+% with associated anomalies, syndromes

 Differential diagnosis includes postural talipes



Etiologies of Clubfeet



Prenatal Detection & Postnatal Outcome of 
Congenital Talipes Equinovarus (CTEV) in

106 Fetuses

 All fetuses with isolated or non-isolated CTEV at tertiary 
referral center 1993-2009

 124 of 46,735 fetuses had CTEV

 61% had complex CTEV

 39% isolated CTEV

 67% of liveborn infants with CTEV had isolated CTEV



Ponseti Technique
 6-8 weeks of long leg plaster casts (toe to 

groin)with gentle manipulation around 
the talar head (part of ankle joint)

 Casts are changed once per week

 90% require Achilles tenotomy (as an 
office procedure) to correct remaining 
heel cord tightness

 After the casting, patients wear boots

and bar brace for 23 hours per day for 3

months. Then during sleep until age 4

years.



Isolated Talipes Equinovarus

Orthopedic Treatment 

67% treated conservatively

33% required additional surgery

Orthopedic Outcome

59% (29/49) Excellent

39% (19/49) Very good

2% (1/49) Good



Baby # 6
 Most infants in Well Baby Nursery will have isolated 

CTEV, but be aware of possibility of neuromuscular, 
connective tissue, chromosomal and genetic 
syndromes 

 Special attention to hip exam

 Ask for orthopedic consult early – Ponseti technique

 Reassure family

 Most infants do not require surgical intervention 

 Very good-excellent outcome in > 90%



Infant # 7
 42 year old G5P0 delivers via elective C-section at 39 

weeks. IVF conception. Fetal echo-normal. Prenatal 
ultrasound – normal except for bilateral pyelectasis. 
Apgars 8, 9.

 Mother had a normal quad screen and MaterniT21. 

 PE- normal.



Renal Pyelectasis

 Renal pelvic diameter > 4 mm at 15-19 weeks

 Occurs in 1-3% of infants without aneuplody; 10-25% 
of fetuses with Trisomy 21

 If isolated, there is a 0.3-0.9% of aneuploidy 

 Usually caused by vesicourteral reflux

 Usually resolves postnatally



PyelectasisHydronephrosis



Infant #7
 Isolated renal pyelectasis is usually a physiologic state and 

is rarely predictive of significant renal disease. 

 Most infants should have renal ultrasound after 7 days of 
age.
 Unilateral or bilateral pyelectasis:  7-28 days. No prophylaxis.

 Mild-moderate unilateral hydronephrosis: After 7 days.

 Severe unilateral hydronephrosis should have ultrasound 
at 48 hours. Consider antibiotic prophylaxis. 

 Severe bilateral hydronephrosis (>15 mm) +/- bladder 
distension should have ultrasound within first 48 hours of 
life. Consider antibiotic prophylaxis.



Minor Anomalies
Number of Minor 
Anomalies

% of healthy newborns % with Major Anomaly

1 15-20% 3%

2 0.8% 10%

3 0.5% 20%

Adam M, Hudgins L. The importance of minor anomalies in the evaluation 
of the newborn. Neoeviews 2003; 4:e99-e104.

Common minor anomalies include:
• Preauricular ear tags, pits
• Dorsal cutaneous stimata (Sacral dimple)
• Asymmetric crying facies
• Simian crease
• Café-au-lait



Minor Congenital Anomalies



Summary
 PPV of Cell-free DNA depends on prevalence (age; risk factors)

 Karyotype ≠ results of MaterniT21/verifi/Panorama/Harmony

 Carrier-testing:
 Is not all created equal
 More is not always better

 Most isolated “soft markers” for aneuploidy do not need follow-up in a 
well-appearing newborn

 Avoid renal ultrasounds in the first week of life, unless there is severe 
unilateral or bilateral hydropnephrosis

 Call your orthopedic consult to cast your patient with CTEV.

 Consider CMV testing for ventriculomegaly or echogenic bowel if there is 
no other diagnosis. 

 If a baby appears normal, he usually is.  If he has > 3 minor anomalies, 
consider imaging his heart, brain and kidneys +/- CMA. 
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