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Disclosures

• Nothing to disclose



Objectives
• Recall relevant background 

information for prenatal screening 
and testing.

• Summarize current guidelines for cell 
free DNA (cfDNA, NIPS, NIPT) 
screening.

• Discuss updated recommendations 
for invasive testing. 



Background: 
Prenatal Screening and Testing



Background: 
Prenatal Screening and Testing

What is the distinction between screening and testing?
• Screening: Non-invasive, not definitive

• Testing: Invasive, definitive



Why do patients request screening?



Why do patients request 
screening?

Maternal age and risk for Down Syndrome



“Traditional” Prenatal Screening
• Traditional testing

• First trimester screening
• NT + PAPP-A and HCG
• 85% detection rate, 5% false positive

• Second Trimester screening (Quad 
screen)

• HCG, PAPP-A, AFP, estriol
• ~81% detection rate, 5% false positive

• Integrated/sequential/contingent 
screening

• ~88-95% detection rate, 5% false 
positive

• Ultrasound (US) Evaluation at 18-20 
weeks

• ~50% detection rate for Down Syndrome



Gold Standard: Invasive Testing

• Chorionic villus sampling 
(CVS)

Performed at 11-14 weeks
Risk of loss ~0.2-1.3%

• Amniocentesis
Performed >15 weeks
Risk of loss ~0.1 to 0.9% 



Cell free DNA (cfDNA) 



• Released through cellular death 
(apoptosis)

• DNA cleaved into small fragments 
(150-200bp)

• Released into blood stream as 
cfDNA

• During pregnancy maternal blood 
contains both fetal and maternal 
cfDNA

• Fetal Fraction

• Most of cell free fetal DNA Is 
placental in origin. 

• Rapidly cleared after delivery

What is “Cell Free DNA”?



Cell-free DNA; cfDNA
(NIPS, NIPT)
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cfDNA Technologies 



Cell Free Fetal DNA and Non-Invasive Prenatal 
Screening 

• 1997: Lo et al -fetal DNA in maternal serum 
• 2011: Clinical testing for +21 (high risk 

pregnancies)
• Competing commercial laboratories

• Patents, IP and legal battles
• 2012: Clinical testing for +13, +18

• ACOG and SMFM: High Risk 
Pregnancies; (ACMG, SOGC 2013)

• 2013-2014: Sex chromosome aneuploidy and 
microdeletions

• 2015: cfDNA genome
• 2017: Single gene disorders



Current Clinical Test Offerings
• Basic panel: 21, 18, 13 (common aneuploidies), 

fetal sex
• Extras:

• Trisomy 16 and 22
• Microdeletions
• Sex chromosome aneuploidy
• Triploidy (using SNP technology)

• “Genome” (similar to microarray)
• Single gene disorders

• Skeletal dysplasias
• Noonan
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Recommends “informing all pregnant women that NIPS is 
the most sensitive screening option for traditionally 
screened aneuploidies”

2016

“…supports prenatal cell-free DNA (cfDNA) screening, also 
known as NIPT or NIPS as an option for pregnant patients” 2016

“any patient may choose cell-free DNA analysis as a 
screening strategy for common aneuploidies regardless of 
her risk status”

2015

“Different scenarios are possible, including NIPT as an 
alternative first tier option” 2015

“The following protocol options are currently considered 
appropriate: cfDNA screening as a primary test offered to 
all pregnant women.” 2015

Professional Society Statements on NIPT



cfDNA:ACMG Guidelines
ACMG Statement  July 2016 doi10.1038/gim.2016.97

• Patient education and pre-test counseling
• Common aneuploidy screening and follow up
• Fetal fraction and no call results

• Maternal obesity, aneuploidy, gestational age, (Lupus, heparin 
therapy?)

• No call due to stretches of homozygosity
• Sex chromosome aneuploidy (SCA)
• Copy number variants (microdeletions, genome wide CNV studies)

• PPV and NPV have been modeled
• Special considerations

• Twins/donor oocytes
• Unanticipated findings

• Maternal cancer, chromosomal imbalances



ACMG Statement 
• NIPS and aneuploidy screening

• NIPS: most sensitive screening option for common 
aneuploidies

• Genetics referral for increased risk of aneuploidy
• Offer diagnostic testing after positive NIPS screen
• Labs to provide DR, SPEC, PPV, NPV

• Do not offer testing if information not available
• Screening should not be offered if this data cannot be 

provided
• Screen should not include autosomal aneuploidies other than 

13, 18, 21



ACMG Statement 
• Fetal fraction and no-call results

• 5% of patients: non-reportable results
• Factors:

• Maternal weight (BMI >35)
• Gestational age (<10 weeks)
• Twins, triplets etc
• Systemic Lupus Erythematosus
• Aneuploid
• Diagnostic testing after “no-call NIPS”

• … “repeat blood draw NOT appropriate”
• Labs should report fetal fraction
• Offer screening other than NIPS for obese patients
• Lab to report reason for no call

• Genetics referral, offer diagnostic testing



Maternal Weight and Fetal 
Fraction



ACMG Statement 
• Sex chromosome aneuploidy (SCA)

• Discuss availability with all patients
• Discourage use of NIPS for purpose of sex determination

• Pretest counseling (false positives, variable prognosis)
• Genetics referral with high risk NIPS for SCA, offer 

diagnostic testing
• Educational materials
• Laboratory details regarding DR,SPEC, PPV (48%), NPV



Copy Number Variants 



ACMG Statement 
• Copy number variants (specific microdeletions, “genome-wide 

CNVs”)
• Discuss availability

• Discuss NIPS versus diagnostic testing
• False positives, false negatives, prognosis
• Referral to genetics for high risk results

• Laboratory specifics (DR, SPEC, PPV, NPV)
• ACMG does not recommend NIPS for genome wide 

CNVs
• “If this level of information is desired, diagnostic 

testing…is recommended”.
• Multiple US anomalies and patient declines 

diagnostic testing.



ACMG Statement 
• Special circumstances

• Twins/donor oocytes
• Contact laboratory regarding validation studies

• Unanticipated findings
• Maternal imbalances

• Maternal cancer
• Maternal chromosomal imbalance

• Patients with history of bone marrow or organ donation from 
male or sex of donor not known

• Genetics referral for unanticipated findings



ACOG/SMFM Recommendations
Practice Bulletin 640, Sept 2015

• Discuss all options with all patients.
• Conventional screening is most appropriate for most 

women, given current limitations of cfDNA.
• Patients choosing cfDNA should understand limitations and 

benefits.
• “The cell free DNA will screen only for the common 

trisomies, and, if requested, sex chromosome composition.
• Diagnostic testing should be recommended after positive 

cfDNA results.
• Multiple screening methods should not be offered.
• Management decisions should not be made based on cfCNA

results



ACOG/SMFM Recommendations
Practice Bulletin 640, Sept 2015

• Patients with “no call” results should be counseled, and 
offered comprehensive US and diagnostic testing.

• cfDNA should not be used to screen for microdeletions.
• cfDNA not recommended for multiple gestations.
• Diagnostic testing should be offered after detection of US 

abnormalities.
• Normal cfDNA result does not ensure unaffected pregnancy.
• cfDNA does not assess for NTDs or ventral wall defects.

• Offer US or AFP
• Patients may decline all screening and testing. 



cfDNA: What Does it Cost?

Mayo Medical Labs (NIPS)
• $0 out of pocket for 

MMSI SELECT/PREMIER

• Other insurances - ?

• Down syndrome, T18, 
T13, fetal sex, 

• sex chromosome 
aneuploidy

• MaterniT21 PLUS

• Out of pocket cost is 
~$200 if denied

• Down syndrome, T18, 
T13, fetal sex

• SCA is OPTIONAL



ACOG Practice Bulletin 162, May 2016



ACOG Bulletin 163,  May 2016



cfDNA and Partial Karyotype…



Invasive Testing
• “When did amnio become so 

dangerous?”…Dr. David Ledbetter
• Testing after invasive procedure?
• Chorionic villus sampling (CVS)

• Performed at 11-14 week
• Risk of loss ~0.2-1.3%

• Amniocentesis
• Performed >15 weeks
• Risk of loss ~0.1 to 0.9%



Chromosome Microarray

Trisomy 21



Microarray and Copy Number Variants
(CNV)



Microarray Versus Karyotype
(ACOG Committee Opinion 682, Dec 2016)

• CMA identifies most abnormalities identified by karyotype
• May identify disorders not identified by karyotype
• May identify adult onset disorders
• Doesn’t identify

• Single gene disorders
• Balanced translocations

• May identify disorders with variable presentation
• May identify consanguinity
• May identify changes (CNV) with unknown disease 

association
• Parental studies may help clarify

• Does not require cultures cells



Prenatal Microarray Versus 
Karyotype

(ACOG Committee Opinion 682, Dec 2016)
• After CVS/amnio

• Recommended for fetuses with >1 
structural abnormality
• Significant finding in 6% of fetuses 

with normal karyotype
• Consider for structurally normal 

fetuses
• Significant finding in 1.7% of fetuses 

with normal karyotype
• CNV in 1.6-3.4% of cases



First Trimester 
Screen

Anatomy 
Ultrasound

MaterniT21/NIPS
cfDNA CVS Amnio

Detects

Down syndrome

Trisomy 18

NO GENDER

Some chromosome 
conditions 

Some birth defects

Can sometimes detect 
gender

Down syndrome 

Trisomies 13 and 18,

Sex chromosome 
aneuploidy (optional)

Microdeletions
(optional)

Detects gender

All Chromosomes

Other genetic testing

Detects gender

All chromosomes

Other genetic testing

Other testing (AFP, 
antibodies, infections 
etc)

Detects gender

Timing 11-14 weeks ~18-20 weeks After 10 weeks 11-14 weeks 15-22 weeks

Detection Rate

85% for Down 
syndrome

80% for Trisomy 18

>95% for neural tube 
defects, Trisomy 13 & 
18

50% for Down 
syndrome

99% for most

92% for Trisomy 13

60-90% for 
microdeletions

>99.9% >99.9%

False Positive
Rate

~5% (especially
women over 35)

Low <1% <1% (mosaicism) <1%

Procedure
Blood draw + nuchal 
translucency 
ultrasound

Ultrasound Blood draw Chorionic Villi Sample 
(placental biopsy)

Amniocentesis

Cost

Usually covered by 
insurance*

Usually covered by 
insurance*

$0-200 out of pocket*

NIPS covered for MMSI 
Select and Premier*

Usually covered by 
insurance*

Usually covered by 
insurance*

*All insurance plans are different. Each test may be subject to copays and deductibles. Please contact your insurance for any questions about personal coverage 



The Perinatal Exome/Genome
• Whole Exome/Genome Sequencing in the 

perinatal setting 
• WES/WGS
• Emergency medical genomes

• NICU
• Faster and more cost effective than 

“genetic odyssey”
• Diagnosis in 20-30% of cases

• Prenatal WES/WGS not endorsed by ACOG 



Thanks for your undivided attention!

Fillmore County History Center
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