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 25 YEAR HISTORY   

NIPD 



Screening (80% 
anomalies 

without clinical or anam- 

nestic suspicion) 

Diagnosis 

2-4 % of newborns 

Have congenıtal 

malformatıons 



 



Tjio JH, Levan A 

(1956)  

The chromosome 

numbers of man.  

Hereditas 42:1-6  

... we do not wish to generalize our present findings into a statement 

that the chromosome number of man is 2n = 46, but it is hard to avoid 

the conclusion that this would be the most natural explanation of our 

observations. 

Lejeune J, Gautier M, Turpin R (1959)  

Etude des chromosomes somatiques de 

neuf enfants mongoliens. Compt Rend 

Acad Sci 248:1721-1722 

 

Aufklärung, dass Down-Syndrom durch 

Trisomie 21 verursacht ist 
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Invasive Prenat. Dg.: Steady 

decline 

Jahr ACs 

2006 80 684 

2007 77 042 

2008 71 092 

2009 60 936 

2010 52 690 

Jahr CVS 

2006 8814 

2007 9278 

2008 9418 

2009 9534 

2010 9378 



                          N                                      N            NT >  95 NT >  95 %%

Norma lNorma l     21479     21479         8 %        8 %

TrisomyTrisomy 21 21       210       210       83       83 %%

TrisomiyTrisomiy 18       112 18       112       88 %      88 %

TrisomiyTrisomiy 13         29 13         29       79 %      79 %

Turner                 55Turner                 55       94 %      94 %

Triploidiy             Triploidiy             1717       65 %      65 %

Others Others                  30               30       49 %      49 %
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      n= 23'805      n= 23'805
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Wald, J Ultrasound Med 2002 Apr;21(4):481; discussion 483-7 

7th problem: There are more and more good alternatives 





Teaching in councelling 

• Accuracy of information  

 

• Understandable language  

  

• Feedback about councelling 



Lerning curve: min. n=100 examinations 

9/14 reached normal distribution after 80 examinations 

12/14 reached normal distribution after 100 exams 

Most frequent problem: measurements too small 

NT-measurement: The teaching problem 



xxxxx 

NT-measurement: the teaching problem 



NT-measurement: the teaching problem 

xxxxx 













Single gene 

Heart 

CNS 

Aneuploidy 



Some associations with „Nuchal Translucency“ 

 

- Achondroplasia   - Dandy-Walker syndrome 

- Beckwith-Wiedemann Syndrome - Smith-Lemli-Opitz 

syndrome 

- Campomelic dysplasia  - VACTER association 

- Thanatopheric dysplasia  - Zellweger syndrome 

- Roberts syndrome  - Fryns syndrome 

- Jeune syndrome  - Arthrogryposis 

- Joubert syndrome  - Fanconi anemia 

- Partial trisomy 19q  - Long-chain 3 Hydroxyacyl- - 

- Meckel-Gruber syndrome    coenzyme dehydro -

Noonan syndrome                          genase deficiency 

 



 FANCONI ANEMIA 



DiGeorge Syndrome 



DiGeorge Critical Region 22q11.2 

Oncor  

DGCR & D22S39 

 







Triploidy 

Partial Mole (Pat. Imprimting): 

Large placenta with  

  partial molar degeneration 

Syndactyly 

Ventriculomegaly 

 

High AFP 

High HCG 

 

 



ccff 
DNA 

US 

“The accuracy of 
NIPT obtained from 
the investigation of 
pregnancies at high 
risk for aneuploidies 
is applicable to the 

general population”. 

Nicolaides KH, et al. Noninvasive prenatal testing for fetal trisomies in a routinely screened first-trimester population. Am J Obstet Gynecol 2012;207:374.e1-6. 

Non invasive prenatal testing for fetal aneuploidies 

New pyramide of care? 
 

 

 

First experience in low-risk population 

        DR>99%  FPR< 1% 

 

  

 



Procedure risk  AC or CVS = 1% 



CVS: Risks 







Result of quantifying studies: One of every 1 Mio. cells in maternal blood is fetal 

Sometimes it is worthwhile to stick to a topic in research formore than 20 years… 



 
 
 
 

 
 

Birth of 

Luise Joy 

Brown 

July 1978 

Report of 

R. Edwards 

und P. Steptoe 

in The Lancet 





Gänshirt D, Garritsen H, Miny P, Holzgreve W.  



Nachweis von kindlichen 

Trisomien  

nicht-invasiv aus 

Blut der Schwangeren 



NICHD NIFTY Study  

1998 - 2003 

• NIFTY - National Institute for Child 
Health and Development Fetal Cell 
Isolation Study. 

• Large scale study (3000) cases to 
determine efficacy of fetal cells for 
detection of fetal aneuploidies. 

• Comparison of FACS and MACS 

 

• All lab results were compared to AC / 
CVS 







Babochkina T et al 

2004. 







 

 
 

Maurice Anker & Philippe Stroun 
Uptake of foreign DNA (Nature `66, `67) 

Metabolic DNA (Nature `67 & `71) 

Transcession (Nature `70; Science `73) 

Nature Medicine 1996:2:1033-35. 

Lo YMD et al., Lancet 1997 

Presence of fetal DNA in  

maternal plasma / serum 



Seite 46 



Example: 1. NIPD 

Rhesus- Faktor 





RhD and Sex using fetal DNA 

 

  Gestational Age    Sensitivity         

Specificity 

 

PCR for SRY:        11.5-34.6      94% (n=185)     100% 

(n=52) 

PCR for RhD:        13-17            96%  (n=25)      100%   

(n=9) 

 

SRY/RhD:   13-17          92.6% (n=27)     100% 

(n=7)               

* Zhong XYZ,, Holzgreve W, Hahn S Lancet, 357, 310, 2001 

 



E. Gautier, A. Benachi, Y. Giovangrandi, P. Ernault, 

M. Olivi, T. Gaillon, J-M. Costa: 
 
Fetal RhD genotyping by maternal serum analysis: 

A two-year experience 

AJOG 192, 666-9, 2005 
 

285  pregnant women 

283  with a complete gene deletion  

 

    0   false - positive 

          or  

        false - negative results 

2013: > 25 000 Cases, Accuracy 99,9% 





NIPD 11 wks. : Female child: therefore not affected 

X-link disorders, e.g. Muskeldystrophy, Hemophilia A/B, 

Immunodeficiency, Ichthyosis etc 



Non invasive sex assessment 

 Ultrasound 

CRL =45mm 

15 weeks 

 acc. To M.A. England 


 


 



1851 determinations (1816 cases)  
(gestational age 11.4SA, range: 5-40) 

Fetal sex determination from maternal blood: 

Amer. Hosp. Paris (JM Costa et al.) 2002-2006 

Syndromes            n 

•Duchenne/Becker/ muscular dystrophy 549  

•Hemophilia A and B   278  

•X-linked mental retardation            89 

•X-linked hydrocephalus    55 

•Adrenoleucodystrophy   53 

•Hunter                41 

•Myotubular myopathy   38 

•Menke’s disease    28 

•Granulomatous disease             23 

•Retinitis pigmentosa    22 

•Ectodermic anhydrotic dysplasia  19 

•Lesch-Nyhan syndrome   17 

  





Achondroplasia (ACH):   

G1138A mutation in FGFR3 gene 

Autosomal dominant disease: Myotonic dystrpphy, Marfan-

syndrom, Polycystic kidney,  Maligne Hyperthermie (M), Ehlers-

Danlos-syndrom (B), M….. 

Li Y., Holzgreve W., Page-Christiaens G.C.M., et al.,  

Prenat  Diagn. 24, 896-8, 2004 



Autosomal recessive mode of inheritance 

 

 

Either both parents have the same mutation  

 

or they have different mutations for the same disease = 

 

At risk to be „compound“ heterozygously affected 



Caused by ß-globin gene 

mutations, > 500 mutations 

At least 150,000 lethally 

affected homozygoutes of 

thalassemia are  born 

annually 
Weatherall DJ,   Nature Reviews-Genetics 2002 

Hemoglobinopathies: b-Thalassemia 

Carrier couples frequently have different mutations 

Therefore, detection of paternal mutation can aid in 

determining whether fetus will be affected or not, 

“Compound heterozygously affected” 





 



NIPD durch Digital PCR 

 Lun et al. PNAS 08 



Nicht-invasiver Nachweis fetaler Chromosomenstörungen 

 
Next Generation Sequencing (NGS) = massively parallel (shotgun) sequencing  

5. Amplifizierung/Quantifizierung 

Bibliothek 

4. Erstellung genomischer 

Bibliothek 

3. Extraktion zellfreier DNA 

2. Plasmagewinnung 

1. Blutabnahme 

6. Next Generation Sequencing 

Chiu et al. 2008 

8. z-score Berechnung 

7. Bio-IT Datenanalyse 



 ~10% of the DNA fragments in a pregnant 
woman’s blood are from the fetus (        ) 

 ~90% are from the mother (        ) 

Schematic of DNA Fragments Isolated 
From Maternal Plasma Containing Maternal 
DNA and Euploid Fetal DNA 

Schematic of DNA Fragments Isolated 
From Maternal Plasma Containing Maternal DNA, Fetal DNA  
and Extra Fragments of Chromosome 21, 18 or 13 
Contributed by a Fetal Trisomy 21, 18 or 13 

Euploid Fetus  Fetus with Trisomy 21, 18 or 13 

Principles of Fetal Trisomy Testing From a 
Maternal Blood Sample Using DNA Sequencing 



Principles of Fetal Trisomy 21 Testing From a 
Maternal Blood Sample Using DNA Sequencing 

The total number of ccf-fetal fragments vs. ccf-maternal 

fragments of any one chromosome is proportional to the 

size of the chromosome, and is consistent from sample to 

sample, and patient to patient. 

 

Chromosome 1 Chromosome 21 

Sequencing tells you which chromosome the combined 

maternal and fetal fragments come from. 



GGCCCTGGGGACAGTCTCCAATCCACTGAGTCATCT  chr10 

GACACGGTGGAGCTCGGCCACACCAGGCCCAGCTGG  chr14 

GGCCCTGGGGACAGTCTCCAATCCACTGAGTCATCT  chr10 

ACAGTGGTGGGGCCCATCCCTGGGTGAGGCTCAGTT  chr21 

GGCCCTGGGGACAGTCTCCAATCCACTGAGTCATCT  chr10 

GGCCCTGGGGACAGTCTCCAATCCACTGAGTCATCT  chr10 

Principles of Fetal Trisomy Testing From a 
Maternal Blood Sample Using DNA Sequencing 

GGCCCTGGGGACAGTCTCCAATCCACTGAGTCATCT  chr10 

TCCGCCCAGGCCATGAGGGACCTGGAAATGGCTGAT  chr21 

GACACGGTGGAGCTCGGCCACACCAGGCCCAGCTGG  chr14 

GGCCCTGGGGACAGTCTCCAATCCACTGAGTCATCT  chr10 

ACAGTGGTGGGGCCCATCCCTGGGTGAGGCTCAGTT  chr21 

GGCCCTGGGGACAGTCTCCAATCCACTGAGTCATCT  chr10 

GGCCCTGGGGACAGTCTCCAATCCACTGAGTCATCT  chr10 

GACACGGTGGAGCTCGGCCACACCAGGCCCAGCTGG  chr14 

GGCCCTGGGGACAGTCTCCAATCCACTGAGTCATCT  chr10 

Sequencing tells you which 

chromosome the ccf fragment 

comes from. 

TCCGCCCAGGCCATGAGGGACCTGGAAATGGCTGAT  chr21 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X Y 



Using ccf DNA as the Analyte:  
The Power of Sequencing 

x 10-2 x 10-2 x 10-2 

Graphic key: Expected chromosome 21 material;  Excess chromosome 21 material  

Terabyte of data: a minimum of 9 million unique reads per sample 



BMJ 2011;342:C7401 



Next Generation Sequencing (NGS) für 

nicht-invasiven Nachweis fetaler Trisomie 21 

 
Sensitivität 

(Falsch neg.) 

 

100%  

100% 

100%  

100% 

100%  

100%  

 

 

100%  

100%  

99,1% (2) 

100%  

 

Spezifität 

(Falsch pos.) 

 

100% 

100% 

100% 

100% 

100% 

100%  

 

 

97,9% (3) 

99,7% (1) 

99,9% (1) 

100%  

 

  

 

Fallzahl 

 

 

    18 

    28 

    15 

    47 

  298 

    43 

 

 

  232 

  449 

1696 

  493 

Studie 

 

proof-of-concept 

Fan et al. 2008 

Chiu et al. 2008 

Chiu et al. 2010 

Sehnert et al. 2011 

Sparks et al. 2012 

Stumm et al. 2012  

 

clinical setting 

Chiu et al. BMJ 2011 

Ehrich et al. AJOG 2011 

Palomaki et al. 2011 

Bianchi et al. 2012 

Fetale T21 

 

 

    9 

  14 

    5 

  13 

  89 

    8 

 

 

  86 

  39 

212 

  39 



Trisomie 18 

Trisomie 13 



Sequencing & Quality –  

v2 Biochemistry 

 Chromosome 21: 

• Sensitivity: 99.6 % 

• Specificity: 99.9 %  

 

 Chromosome 18: 

• Sensitivity: 99.0 % 

• Specificity: 99.9 % 

 

 Chromosome 13: 

• Sensitivity: 98.9 % 

• Specificity: 99.9 % 



Comas 2013 

Non invasive prenatal testing for fetal aneuploidies 

NIPT methodologies 

Counting method 

MPSS 

Sequenom 

MaterniT21Plus™ 

Verinata 

Verifi™ 
BGI 

Targeted 
sequencing 

Ariosa 

Test Harmony™ 

Non-
counting 
method 

Targeted 
Sequencing 

Natera 
(NATUS) 

Test Panorama™ 

NATUS: Next-Generation Aneuploidy Testing Using SNPs 

data are not yet available comparing the performance 
and cost of these tests directly to each other
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MaterniT21™ PLUS LDT  

Laboratory Experience: > 100,000 Patients  

Results of Testing 
Updated March 31, 2013 

N = 96,681 Cases 

1,7% 

0,5% 

0,2% 

Increased representation of Trisomy 21 

Increased representation of Trisomy 18 

Increased representation of Trisomy 13 

Normal representation of  

Trisomy 21, 18 and 13 

2.3% 

Positive 

Bombard, et al. Noninvasive prenatal testing (NIPT) in multiple gestations:  

A report of laboratory experience. American College of Obstetricians & 

Gynecologists Annual Meeting. New Orleans, LA. May 2013. 

LifeCodexx 

5600 cases 

 

98% negat. 

1.5% Tris 21 

0.4% Tris 18 

0.1% Tris 13 
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© 2013 Sequenom CMM. All rights reserved. 

MaterniT21™ PLUS LDT  

Laboratory Experience: > 100,000 Patients  

Indications for Use 
Updated March 31, 2013 

N = 96,681 Cases 

*Total equals greater than 100% as certain patients have multiple indications for testing 

Maternal age 

Personal or family history 

Serum biochemical screening 

Ultrasound finding 

67.9% 

18.7% 

19.4% 

5.6% 
Bombard, et al. Noninvasive prenatal testing (NIPT) in multiple gestations:  

A report of laboratory experience. American College of Obstetricians & 

Gynecologists Annual Meeting. New Orleans, LA. May 2013. 



10 weeks: 
• Scan to measure the fetus 
• Blood for cfDNA test 

12 weeks: 
• Detailed ultrasound scan 
• Discuss results 
• Decide if CVS is necessary 

• +ve NIPT test 
• Fetal defects 
• NT >3.5 mm 

Amniocentesis CVS 

K Nicolaides 

Non invasive prenatal test for aneuploidies 

    Future prenatal strategy 



Comas 2013 

Non invasive prenatal testing for fetal aneuploidies 

Professional recommendations 



Non- 

invasive 

prneatal 

diagnosis 

(NIPD) 

from 

blood  

of 

pregnant 

women 

finally 

available 
 

 

  

RHESUS- 

FAcTOR/  

KELL/ 

X-linked diseases 

 

AUTOSOMAL 

DOMINANT 

diseases 

(PATERNAL 

MUTATIOS) 

 

COMPOUND 

HETEROZYG. 

AUTOSOM. 

RECESSIVE 

DISEASES 

 

FINALLY ALSO 

AVAILABLE FOR 

CHROMOSOMAL 

ANOMALIES 


