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Is a fetal pathology examination still necessary
after prenatal exome sequencing ?

Tania ATTIE-BITACH
Embryofetal pathology Unit

Necker – Enfants Malades University Hospital, Paris, France

Fetal structural anomalies

3%  Major
 Minor

Fetal Medicine  Impact
 Counseling

Prognosis

 Type
 Number
 Severity
 Cognitif impairement ?
 Cause ?

Management
Neonatal care

Prenatal treatment

Support

Termination of 
pregnancy

Various etiologies

Reassurance

CMA

5%

23 pairs of chromosomes

• Structure, CNV
– Karyotype: Mb-scale
– CNVs and balanced chromosomal

abnormalities
– FISH

Submicroscopic CNVs 

Genetic investigations
from Karyotype to chromosomal microarray

15 %

Genetic investigations
From Sanger sequencing……to NGS

• NGS (or high throughput sequencing)
- Millions of DNA fragments

Patient 1

Patient 2

Patient 3

Patient 4…

Rapid turnaround time 
Attractive cost

Whole genome 
(WGS, 3.2 Gb)

protein-coding genome 
1,5% ≈ 50 Mb,  Exome

Selected genes (Panel)

- Several patients simultaneously

• Conventionnel Sanger sequencing
– Few hundred base pairs
– Individual genes

SNVs

small variations
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Genetic variants: a continuum
CNV SNV 

 Any type (base change, add, loss, duplication, inversion …)
 Any size (one base to whole chromosome)
 Different implications

 Without effect
 Beneficial effect
 Confere susceptibility
 Disease causing

cgcgtatcagagagatcctcgcta--
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----------------------------------------
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gctctctataattatctcgctaatacgt
gatcgtcagtcgtacg

 1 variation every 1 000 bases

Between 2 individuals
0.1 % of differences 

At the genome level
 1 000 structural variants (CNV)
 3 to 4 millions small variations

(SNV)
300 « deleterious »

50-80 reported in diseases

The genome is variable
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5 Pathogenic Previously reported as disease causing

4
Likely

pathogenic
Not previously reported , but type/nature predicts its
pathogenicity

3
Unknown 

significance

Insufficient evidence to classify it at this time -
could be pathogenic or benign
 Needs further analysis
 Classification may vary with time
 Can not be used for counseling / prenatal

diagnosis

2 Likely benign Not reported, not expected to be disease causing

1 Benign Known not to cause a disease

Variants prioritization and classification

Richards et al., Genetics in medecine, 2015 (ACMG)
VUS not reported in prenatal setting

Number Diagnostics VUS
Retrospective

Alamillo et al. 2015 7 3 (47%) 1 (14%)
Vora et al. 2017 15 7 (47%) inclus
Carss et al., 2014 30 3 (10 %) 5 (17%)
Shamseldin et al. 2018 44 22 (50%) 15 (34%)
Yates et al. 2017 84 17 (20%) 7 (9%)
Fu et al. 2018 196 47 (24%) 25 (13%)

Prenatal settings
Westerfield et al., 2015 10 3 (30%) 1 (10%)
Pangalos et al., 2016 14 5 (36%) 2 (14%)
Drury et al., 2015 24 5 (21%) 1 (4%)
Normand et al., 2018 146 46 (32%) inclus
Petrovski et al., Lancet 2019 234 24 (10%) 46 (20%)
Lord et al., Lancet 2019 596 52 (8 %) 24 (4 %)

Fetal WES: diagnostic rate and VUS

 Diagnostic rate:  8,5-24 % (sytematic analysis , no selection)

 Variants of unknown significance: 4-20 %

Caracterization of fetal disorders : challenges

Fetal death

Termination
of pregnancy

Extreme
phenotype

Partial
phenotype

Postnatal

Prenatal

Lethal

Clinical variability of genetic disorders, 
extreme phenotypes

• Potential difficulties in interpretating
genetic variants

Variants of unknown significance (VUS)    

• Many traits can not be assessed in 
utero

Not accessible to ultrasound / absent at 
this period of life – incomplete phenotypes

• Observed signs rarely specific of 
one disorder

Several or no hypothesis…

• Unknown prenatal signs  
Better knowledge of prenatal signs of 
genetic disorders

• Different spectrum of severity

ARID1A
(NM_006015.4)

c.631C>T 
p.Gln211*

c.4886dup
p.Val1630Cysfs*18

L. Mouthon; NiceS. Patrier, Rouen

c.4859_4860dupA
p.Pro1621Tyrfs*6

N. Laurent, Dijon

Dysmorphism
Cleft palate
Diaphragmatic hernia
Heart defects
oHypoplastic left heart
oAtrio ventricular canal

ACC
Ventriculomegaly 
Cortical anomalies
Nodular heterotopia

8 patients reported
letal
Somatic mosaicism

Tsurusaki et al., 2012, 2014
Santen et al., 2013
Wieczorek et al., 2013

c.2733-2A>C

S.  Zrelli, Necker

Spectrum of severity: Coffin Siris syndrome WES in structural anomalies during pregnancy

MRI 30 w

Counselling
Parents: brain  MRI

CGH
1 w

Extraction  1d
Technic 4d
Seq run 2d
Bioinfo 1d

Analysis
Staff

SA 22-26 w

Fetal pathology
post-mortem MRI

TOP

PlateformeLumière
L. Salomon, AE Millisher

, 
P. Sonigo, D. Grevent

Birth
Follow up

WES

Prognoses
combined results
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Prenatal WES Continuation of pregnancy TOP

Molecular diagnosis : 
15/45 (33%)

7/42, 16%
DCC, DYNC2H1, OFD1, SLC26A3, 

COL1A1, ODAD4 

8/42 (19%) - 5 FPE

No molecular diagnosis
30/45 (66%)

including VSI: 5/45 (11%)

22/42 (52 %)
Two diagnosis postnatally

(GPC3, Silver-Russel)

4

5/42 : 12%, - 4 FPE
Genome sequenciing 4

1

4/13 TOP, declined FPE
- A case without molecular diagnosis: brain anomalies -> no further analysis

3/45 ongoing pregnancies – outcome ?

 A negative result doesn’t exclude a genetic cause
 Postnatal  / postmortem phenotyping
 Need to reanalyse the negative data

Rapidely evolving knowledge in Genetics

10 % of diagnosis after reanalysis one year

Prenatal exome sequencing Continuation of pregnancy TOP

3/48 ongoing pregnancies – outcome ?

Molecular diagnosis : 
15/45 (33%)

7/42, 16%
DCC, DYNC2H1, OFD1, SLC26A3, 

COL1A1, ODAD4 

8/42 (19%) - 5 FPE

No molecular diagnosis
30/45 (66%)

including VSI: 5/45 (11%)

22/42 (52 %)
Two diagnosis postnatally

(GPC3, Silver-Russel)

4

5/42 : 12%, - 4 FPE
Genome sequenciing 4

1

4/13 TOP, declined FPE
- A case without molecular diagnosis: brain anomalies -> no further analysis
- Signs not reported in the syndrome (hydramnios, SKI ; HCN, CREBBP)
- Incomplete phenotype (isolated ACC, CDH2)

MCDA pregnancy
CCA in both female fetuses
Apparently isolated on ultrasound 24w
Parents: brain MRI normal
MCA: normal
WES: CDH2 (N-cadherin , neuronal)
NM_001792.4: c.1522G>A, 
p.(Glu508Lys) de novo (March 2020)
TOP

AJHG 2019 Oct 3;105(4):854-868. Incomplete phenotype

Meckel / OFDIV

Liver

Kidney

Joubert

severe

Baala,  AJHG 2007 
Baala, AJHG, 2007

TMEM67, CEP290,

Hydrolethalus

Acrocallosal

Putoux,  Nat Genet 2011
Putoux, JMG, 2012

KIF7

Delous et al, Nat Genet 2007
Valente et al, Nat Genet 2010

RPGRIP1L,  TMEM216

Lopez, Hum Genet, 2014 Alby, AJHG, 2015

Jeune/Joubert

SRP/HydrolethalusOFDVI

Joubert

c5orf42 KIAA0586

OFDIV

Joubert +

TCTN3

No brain malformation
No bile duct proliferation

24 w22 w

+/- Situs inversus

BBS, lethal forms

Bardet-Biedl

Karmous-Benailly et al, AJHG 2005
Putoux et al, J Med Genet, 2011

Thomas,  AJHG, 2012

Extreme phenotypes of ciliopathies

Known phenotypes

Genes with 1 phenotype 2,686

Gens with 2 phenotypes 734

Genes with 3 phenotypes 264

Genes with 4+ 
phenotypes

233

Distribution of Phenotypes across Genes 

Phenotypes, OMIM statistics

Genes with 1 phenotype 3,162

Gens with 2 phenotypes 820

Genes with 3 phenotypes 306

Genes with 4+ 
phenotypes

239

13/10/2021

2020
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• weight : 2385 g
• Mensurations

• VT : 47 cm
• VC : 31 cm
• HC : 31 cm (50e c)
• feet : 6,8 cm

TOP at 34gw for  brain and heart
anomalies
Female
Facial dysmorphism
Overriding fingers
Kidney asymetry
Normal growth parameters

« callosome » panel : DHCR7
- c.906C>G, p.(Phe302Leu) maternal
- c.385_412+5del, p.(Ile129Glyfs*3) 

paternal

Reverse phenotyping

CC short and thick, short vermis

J. MARTINOVIC

• weight : 2385 g
• Mensurations

• VT : 47 cm
• VC : 31 cm
• HC : 31 cm (50e c)
• feet : 6,8 cm

« callosome » panel : DHCR7
- c.906C>G, p.(Phe302Leu) maternal
- c.385_412+5del, p.(Ile129Glyfs*3) 

paternal

Reverse phenotyping

CC short and thick, short vermis

J. MARTINOVIC

Atypical cases

Brain weight 234 g (<5e p) -> Micrencephaly

2015
Died at 24 mo2000 2016

36 SANo postmortem

• Hydramnios T3
• Epilepsy
• Retinitis pigmentosa, vision defect
• Brain MRO : cerebral atrophy, white 

matter anomalies
• Severe post-natal microcephaly
• Poor psychomotor development
neurodegenerative disorder ?

• Hydramnios T3
• Fetal brain MRI (31 & 35 gw) : 

white matter anomalies

TOP

Normal biometries and gyration 
Thin and straight CC

firm and yellowish subcortical and 
periventricular white matter
atrophic thalami, slightly enlarged v3

storage material mainly found 
in the perikaryon of neurons 

WES: CTSD (NM_001909.4) 
c.644T>C, p.(Phe215Ser) homozygous Access to tissues

• Prenatal HPO • Prenatal phenotyping

Fetal phenotyping WES: fetal exome sequencing
• Improves of prenatal management
• Still challenging
• VUS not returned
• Possible subsequent reanalysis

• Development rapid analytical and interpretation pipelines
• Better knowledge on prenatal signs of genetic 

disorders

• Following TOP, fetal examination is important
- Accurate phenotyping
- Reverse phenotyping
- Access to tissue

 contribute to a better knowledge of prenatal signs of rare disorders

 If negative : further reinterpretation / analysis
 If positive : consolidate the genetic result / incomplete phenotypes / atypical signs / 
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