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Abstract

Background: Introduction of cell-free fetal DNA (cff-DNA) testing in maternal
blood opened possibilities to improve the performance of combined first-trimester
screening (cFTS) in terms of better detection of trisomies and lowering invasive
testing rate. The use of new molecular methods, such as chromosomal microar-
ray analysis (CMA) and next-generation sequencing (NGS), has shown benefits
in prenatal diagnosis of chromosomal and genetic diseases, which are not detect-
able with cff-DNA screening, but require an invasive procedure.

Methods: The objective of this study was to evaluate prospectively during two
years performance of CMA and NGS in high-risk pregnancies. Initially, we inves-
tigated 14,566 singleton pregnancies with cFTS. A total of 334 high-risk pregnan-
cies were selected for CMA diagnostic performance evaluation and 28 cases of
highly dysmorphic fetuses for NGS analysis. CMA study group was divided into
two groups based on the indications for testing; group A patients with high-risk
for trisomies after cFTS, but normal ultrasound and group B patients who met
criteria for CMA as a first-tier diagnostic test.

Results: The diagnostic yield of CMA was overall 3.6% (1.6% in Group A and
6.0% in Group B). In NGS analysis group, we report diagnostic yield of 17.9%.
Conclusion: The use of CMA in high-risk pregnancies is justified and provides
relevant clinical information in 3.6% of the cases. NGS analysis in fetuses with
multiple anomalies shows promising results, but more investigations are needed
for a better understanding of practical applications of this molecular diagnosis

method in prenatal settings.
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1 | INTRODUCTION

Over the past 30 years, prenatal screening for chromo-
somal diseases has undergone enormous development;
for example, measuring maternal serum markers during
the second trimester, combining different first-trimester
serum markers with ultrasound examination, and se-
quencing cell-free fetal DNA in maternal plasma.

In addition to chromosomal investigations, molecular
diagnostics for monogenic disorders has evolved in par-
allel facilitating even more precise diagnoses in prenatal
diagnostics. Initially, a chromosomal microarray analysis
(CMA) (Wapner et al., 2012) was implemented, which is a
first-tier prenatal diagnostic test already in some countries
(Muys et al., 2018; Vogel et al., 2018). Approximately 2-3%
of all pregnancies are complicated by fetal structural anom-
alies (Edwards & Hui, 2018). Modern technologies, such as
next-generation sequencing (NGS) have also shown prom-
ising results, with a high diagnostic yield in selected prena-
tal cases (Deden et al., 2020; Ferretti et al., 2019).

We conducted a prospective two-year study to evaluate
the performance of molecular methods in prenatal diag-
nostics in Estonia during the years 2017-2018. The aim
of our study was to assess the diagnostic effectiveness of
CMA and NGS panel testing in high-risk pregnancies after
cFTS and ultrasound examinations, performed according
to the Estonian national guideline (Ustav et al., 2016).

2 | MATERIALS AND METHODS

2.1 | Study groups

CMA analysis study group

During the study period, cFTS was performed in
14,566 singleton pregnancies. We recruited 334
women for the CMA diagnostic effectiveness evalua-
tion (Figure 1). These women were further divided into
two subgroups. Group A (184 women) included all pa-
tients at high-risk of >1:100 for trisomies after cFTS,
but with nuchal translucency (NT) below 3.5 mm, no
ultrasound malformations and normal conventional
karyotype. All women in Group A were counselled be-
fore the invasive procedure and an additional written
informed consent was taken before performing CMA
on fetal DNA. Group B (150 women) included all pa-
tients who met the criteria for CMA as a first-tier diag-
nostic test. CMA in Estonia is performed as a first-tier
diagnostic test after an invasive procedure, if one of
the following clinical indications is met: NT >3.5 mm;
fetal malformations seen on ultrasound; by the deci-
sion of a medical geneticist; or a family history of bal-
anced translocation in one parent (Ustav et al., 2016).
All women in Group B gave written consent for a regu-
lar medical service.

cFTS in 14,566 singleton pregnancies

334 patients included to the study
CMA protocol

!

!

184 CMA performed in group A

150 CMA performed in group B
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12 (3.6%) clinically significant CNVs

/
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5VOUS
12 benign CNVs
not reported

3 pathogenic
CNVs

N\

9 pathogenic or 6 VOUS
likely pathogenic 9 benign CNVs
CNVs not reported

FIGURE 1 CMA study group. cFTS- combined first trimester screening, CMA-chromosomal microarray analysis, CNV-copy-number

variant, VOUS- variant of uncertain clinical significance
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NGS analysis study group

During the study period, a total of 28 cases were selected for
the NGS panel analysis group. Inclusion criteria were: fetal
brain anomalies, non-immune fetal hydrops, combined heart
defects, or multiple fetal anomalies suggestive of an underly-
ing genetic syndrome (Table 1). The decision to perform NGS
panel analysis was made by a clinical geneticist who also
counselled the patient, and an additional written informed
consent for performing NGS analysis on fetal DNA was taken.
CMA was performed in every case prior to the NGS analysis.
Only two pregnancies resulted in live births; all others were
terminated upon patients’ request and medical indication be-
fore the 22nd week of pregnancy, according to Estonian law.

2.2 | Methods

Ethical compliance

The present study was approved by the Research Ethics
Committee of the University of Tartu (protocol 263/M-19
17.10.2016).

CMA methods

Genomic DNA was extracted directly from AC or CVS
or from a cultured sample. CMA was performed using
Ilumina HumanCytoSNP-12 BeadChips (Illumina Inc.).
Genotype analysis was carried out using GenomeStudio
software v2011.1 (Illumina Inc.) with additional input
from QuantiSNP v2.3 software.

Copy number variants (CNV) were classified as fol-
lows: pathogenic, likely pathogenic, variant of uncertain
clinical significance (VOUS) and benign or likely benign
(Nowakowska, 2017). In prenatal cases, benign and likely
benign findings or long contiguous stretches of homozy-
gosity (LCSH) of any size were not reported.

Several online databases were used in the decision-
making; OMIM, human genome browsers (UCSC, Ensembl),
Database of Chromosomal Imbalance and Phenotype in
Humans using Ensembl Resources (DECIPHER), and
Database of Genomic Variants (DGV) were most often used.

In case of reported findings, the parents’ genomic
DNA, extracted from blood lymphocytes, was also ana-
lyzed to determine the heredity of the finding.

NGS methods

Fetal DNA was extracted either from fetal material ac-
quired from invasive procedures prenatally or from fetal

Molecul i ic Medici 3of9
olecular Genetics & Genomic e:w_wl LEY

tissues after the termination of pregnancy. NGS was per-
formed using TruSight One (4,813 genes) or TruSight
One Expanded (6,699 genes) sequencing panels (Illumina
Inc.). Sequencing was carried out on a NextSeq 500 plat-
form (Illumina). NGS was performed to probands only.
Reads were aligned to the reference genome hgl9 by
Burrows-Wheeler Aligner (BWA) (Li & Durbin, 2009) and
variants were called by Genome Analysis Toolkit (GATK)
(McKenna et al., 2010) tools using BWA Enrichment
v2.1. workflow on BaseSpace Onsite System (Illumina).
Variants from VCF files were annotated using an in-
house variant annotation pipeline involving Annovar
(Wang et al., 2010), SnpSift (Cingolani et al., 2012) and
GATK (McKenna et al., 2010). CNV detection was carried
out using CoNIFER software (Krumm et al., 2012). All
reported pathogenic, likely pathogenic, and VOUS vari-
ants were validated via Sanger sequencing in the fetus and
both parents to confirm the inheritance pattern. Variants
were reported according to ACMG standards (Richards
et al., 2015).

2.3 | Statistical analysis

Statistical analysis was performed with STATA 16.2 soft-
ware using Wilson confidence intervals for detection rates
in every study group.

3 | RESULTS

3.1 | CMA analysis results

CMA was performed in 334 singleton pregnancies after
cFTS or ultrasound examination with diagnosed anomaly;
184 in Group A and 150 in Group B analyses (Figure 1). A
total 12 clinically significant pathogenic or likely patho-
genic CNVs were found in both study groups (Table 2 and
Figure 1), providing an additional diagnostic yield of 3.6%
(95CI 2.07%-6.17%). Nine of these findings were in Group
B, as expected, where the diagnostic yield was 6.0% (95CI
3.27%-11.29%). In Group A, the diagnostic yield of CMA
was 1.6% (95CI 0.56%-4.71%). Additionally, we found
21 benign or likely benign CNVs and 11 VOUS, most of
which were LCSH regions and, therefore, not reported,
according to our laboratory protocol (Table S1).

3.2 | NGS analysis results

NGS analysis revealed five pathogenic variants of dysmor-
phic fetus, related to phenotype, among 28 selected cases.
Two variants were of unknown clinical significance but fit
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TABLE 1 Fetal ultrasound and autopsy findings in cases

selected for NGS analysis

Fetal ultrasound findings/types of

Case anomalies on autopsy

Brain anomalies

1 Corpus callosum dysgenesis. Bilateral
ventriculomegaly
2 Corpus callosum dysgenesis.

Dysmorphic facial features

3 Absence of corpus callosum.
Additional spleen. Hydrops.
Sandal gap

4 Agenesis of corpus callosum

Agenesis of corpus callosum.
Dysmorphic facial features

6 Agenesis of corpus callosum.
Lissenecephaly

7 Cerebellar hypoplasia with
ventriculomegaly

8 Holoprosencephaly

9 Brain atrophy with hemorrhage

Cardiac anomalies

10 Combined heart defect, asplenia.
Malrotation of the gut

11 Combined heart defect. Polysplenia

12 Truncus arteriosus communis

13 Stenosis of pulmonary artery

14 Truncus arteriosus communis.
Maternal 2q13 2,1Mb
microdeletion

15 Cardiomegaly, critical aortic stenosis

Non-immune hydrops

16 Cystic hygroma and generalized
hydrops

17 Enlarged nuchal translucency and
hydrops

18 Cystic hygroma and generalized
hydrops

19 Generalized hydrops

Multiple anomalies or syndromic suspicion

20 Facial cleft. Syndactyly of II-III toe.
Absence of right kidney and
ureter, aplasia of spleen

21 Polycystic kidneys diagnosed at 29th
week of pregnancy. Presence of
ascites

22 Unexplained anhydramnios at week
17

23 Multiple anomalies: facial cleft,

anencephaly, gastrochisis

No. of
cases

9

(Continues)

TABLE 1 (Continued)

Fetal ultrasound findings/types of = No. of
Case anomalies on autopsy cases

24 Large midline defect
25 Enlarged nuchal translucency.

Ectopia cordis. Gastroschisis
26 Holoprosencephaly. Dysplastic cystic

kidneys
27 Large diaphragmatic hernia,

dysmorphic facial features
28 Large spina bifida in thoracic region.

Dysmorphic facial features.
Deformation of ribs on the right
side

with the phenotype, and there were two incidental find-
ings also reported, based on informed consent. The addi-
tional diagnostic yield of NGS analysis in our study group
was 17.9% (95CI 7.88%-35.59%). Detailed descriptions of
cases with pathogenic results and results with uncertain
clinical significance are provided in Table 3.

4 | DISCUSSION
We conducted a two-year study to assess the performance of
molecular prenatal diagnostics in Estonia. All investigations
used in this study were performed by the standard algorithm
for fetal evaluation at our institution, except of CMA study
Group A. The main strength of this study is its prospective
structure and the combined use of several prenatal diagnos-
tic methods. Although our study group is representative of
the whole country, one of the main study weaknesses is a
relatively small sample size due to our population size and
annual birth rate. As of 2017, the Estonian population was
1,324,820 people and there were 13,784 births (EUROSTAT).
It has been shown that clinically relevant CNVs can be
found in approximately 1.7% of fetuses, where CMA was
done with indications such as advanced maternal age, anx-
iety, or positive serum screening without ultrasound mal-
formations (Wapner et al., 2012). In the CMA study Group
A, 184 CMA analyses were performed with widened indi-
cations, resulting in three pathogenic CNVs with clearly
described associated phenotypes being identified (Table 2).
Among the pathogenic findings from Group A, the first
case 15q13.3 microdeletion of 1.6 Mb was diagnosed. This
region of deletion covers five genes, including FANI and
TRPM1. Phenotypically normal baby was born with normal
early neonatal period. This is a highly variable syndrome
associated with a higher risk to intellectual disability, epi-
lepsy, and autistic spectrum disorders (Lowther et al., 2015).
In this particular case, microdeletion was inherited from



50f9

—WILEY

Molecular Genetics & Genomic Medicine

RIDNOI ET AL.

Open Access,

6/6 1®3dy "wo 8y ‘3 gz

6/8 1e3dy "wo 05 ‘3 0S6€

UONBUIULIS],

UOT}RUTULId T,

UOT}RUTULID T,

UOT}RUTULId ],

UOTJRUTULId ],

UOT}BUTULIS ],

S/¥/1 1e3dy S 0011

6/8 Teddy "wo tSs ‘3 066¢

6/6 Teddy "wo s ‘3 769¢

6 /6 1e3dy ‘W €6 ‘8 ppey

(reSdy ‘qiSuay ‘ySrom)
QuwI09INn0 Adurusarg

snooj A111qndassng
Joruagoyyed ApoyrT

snooj A111qndassng
Joruadoyyed A1

oruagoyied AT

oruadoyied

oruadoyied

oruadoyied

oruadoyied

oruagoyied

oruadoyied

oruagoyied

oruaSoyied

oruadoyied

ouedyrudIs [edTuI)

QWIOIPUAS
uonaPpoIIW 7' 1ThsT

QWIOIPUAS
uonaEpoIw 7 1ThsT

uonapponw 7 ¢zbr c7hy

1A 2dK
‘@jo9y1odur SISOUL3093SO

juelIeA
Jresowx OEOHUQ%m Jouing,

QWOIPUAS
uonsepoow z 11d9T

UOI}BJ0[SUBI) PadUB[EqUN

QWOIPUAS 943 18D

BIWOSSEIRY}
©19q ®J[op eurwed uorisdg

QWOIPUAS
uone[epoIdTW ¢7zbe

(%02-0T)
QEOHUC%m JouIngJ, SOIeSON

QwoIpuks
uonsEposIw ¢'¢TbsT

uonyejdadiayug

*Kouadn[suen) [eyonu ‘TN SISA[eue AeITeOIOTW [BWOSOWOIYD VA SUOTJRIAIqQY

Jjewr X
(PITOVIET CTePSLTT)T TIDST [LEYDUD|1e

JjelwW X
(0S82S9€T TTeySLTT)T TIbST [LEUDYD 1R

TX(€SL6STHET STSL6E0ET)T €2h1°¢b9
[LeyDgD]ire

ZWy gX

(010£ZT6 085€8L)T°¢Tde ¢TdLT ‘Yed yew 0x

(8T€089T 2985991)¢€TdLT “Yeuwr TX
(PITOPIET TTeySLTT)T TIDST [LEUDYD]1Te

TX(£€8SETSST-S0v9£568)8¢b1 12X

‘T~TX(816£T¥68-98¢£079P)T¢ Tehe TTdX ‘T
(S0€6L197-8T1£6)¢ TTdeezdX [LEUDYD]1Te

1X(S086610€ ¢1Z¥£962)T T1d9T [LEUDYD]1Te

€xX(01€916 61916T)EE €TdTT
‘€X(TTLOTLEY 6£T9¥)TT T1DbE zzdL [LeyDun]ire

X(S6¥9S981 0LLYSS9T)TT TIbT 1TbZZ
[LeyD¥uD]ire

JeW TX(£ESEPES 80L8TTS)Y STATT [LEYDUD 1R

up 1X(0£ZOLTIOT 996865L6)s€ TTbTe
‘zzbe [LeyDYD] e

[z 0]Tx(X)11E
Jjewr X
(2686057 6¥15S60€)E € TbZ'€TbST[LeyDgD] TR

QuOop jou

AX‘Op

XX ‘Ot

vﬁov jou
[v](1¢ 12bg 11d)
(0020 %7
/[9T]X St sow

AXOF
jew(geerdirz 11b)
(@rLN(L)IP+ AX L1

up(1z°'11b)
(20)IpI+ XX L1

Quop jou

W §°¢
LN pasearouf
wuw 9°¢
LN pasearouy
wu ('6
LN paseaou]
11 T¢ Awosin
10 SII PaUIqUIO)

wur 06°8
IN pasearouf
punosenn
uo eisejdod4y
SO UAA T

punosenn
Uo [OIe d1}I0.
pardniisjur
I STUNWWOD

SNSOLI9)IE SNOUNL],
punosenn

uo SNSAOeION
punosenn
uo A3o1oyyed

yoIe o110y
sIsouweue

pareardwo)

g dnoio yIAD ul sSurpury orusdoyied

AX9r

XX 9P

AX‘9Pp

ITT

1z a

96'1

v dnoio yIAD ul sgurpury oruadoyied v dnoio yAD ur sSurpulj oruadoyied

msalt VIND

adKyoLxeyy

TZ AwosrLI}
J0J YSLI paUIquIod
pasearou]

QWI0JINO PUE ‘90UBIYIUSIS [edIUI[d ‘UoneldIdIaul ‘synsal VA ‘@dKjoArey ‘suonedrpur :g pue v dnoio urssuipuj viNy ¢ A 194V.L



RIDNOI ET AL.

Open Access,

Molecular Genetics & Genomic Medicine

MWI LEY—

(SOLETT#INIINO)
J9OUBD UBLIBAO — JSBAIQ JRI[IWE,]

(SEFOTTHINIINO) SWIOIPUAS [OUAT

(86TO6THNIINO) T 1032031 YoION

(006ELTHININO)
1 9seasIp Adupry d1IsKdoA[0d

(006 TOSHNTINO) SWOIPULS
UBWIT-UUBWISSIO]-U0SaIQ[g

(06LSTTHINTINO) UWIOIPULS I[MO,]

(0£S8OTHNTINO) SWOIPUAS
JIRWIAT ‘WISLISWOST [e113e 1YSTy

(00YILTHNINO)
erud[dse [e31ua3u0d paje[os]

(SYPOT9#INIINO)
QUWIOIPUAS SILIA 9P-US[00

aseasIp INIINO

“3unsa) 10§ S]qe[TRAR JOU SEM VN( S IoYIed,

*109Jop wn)das TB[NOLIUSA ‘QSA 20UBdIIUSIS [BIIUI[D TBI[OUN JO JuBLIEA ‘SNOA ‘Kourudard Jo uoneurunid) ‘gO, ‘AOudn{sues) [eyonu ‘LN :SUONBIAIAQY

IOLLIBD B 10U ST Iajowx

reursyed

I9LIIBD
Ayreay e 1 I9yjour 3y}

umouy jou snjejs Idrrred

oaou ap

SIOTITRD
sno84z019)ay a1e sjuared

SIOLLIBD
sno84zo19)ay a1e syuared

0aou ap

oaou ap

oueILIdYUL

Surpuy
[eyuaprouy

Surpuy
[eyuaprouy

SNOA

SNOA

oruadoyied

oruagoyied

oruadoyied

oruagoyied

oruadoyied

UOT)BOYISSE[D

dOL

dOL

dOL

LERIGEING |

dOL

dOL

dOL

dOL

dOL

JawodIno
KoueuSaxg

SNo3AzoIalo

Sno34zo10)o

sSno3Azo1a)o

SN03AZ01919

sSno3Azo1a1o

sno84zo193oy
punoduwo)

sno3Azowo]

SN0SAZ0I919

SNoSAzoIalo

K1s0847

wstydiowsAp
[e1oe] ‘uoidax

(0T4Sys&T19PETNID)d oToRION) UT
[PPSE0Y0:(TVOEL)E00£L00” NN epyyIq eurds

sdoipAy [e1of

‘usords reuonippe

(TT.Syusvo6£n1)d ‘wnsores
[9P8ITT9:(THTIN)T 6¥2000 AN snd109 Jo sisouady

SIUNUWWOD

(1hLLTTshD)d SnsoLIa)Ie
V<9089 9:(THOLON)V' LT9LI0 AN snoun ‘qQsA

(39N89LZIRA)d skoupry onseldsAp
V<D70£8:(1A3d)E 962000 NN onskoAod [ersieng

ud91ds jo sisouage
‘Kaupry Jy3Li Jo

V<OI-1¥¢9:(94H)T 8S+ZE0 NN S0UBSqE P[0 [eoR]

(s£D81¢41D)d wnso[es sndiod

1<DTS6 9 (TIDATITT6LLIO NN JO SISaUagsAp

‘{(s&160cusY)'d ‘AreSomwonornuaA
V<DLT6:(TIDATAIT T6LLIO NN [exdjeNg

Asdojne

uo A[ewoue

JRIPIRD ‘[aMO(

(815SJ81vH0sTReA) d 9Y} Jo uonBIOIRW
dnp6060:(TAAD)S T6HT00 NN ‘sarfewoue Adnny
(T+sys£D8€1108) d sdoxpAy
[PPLIY €T+ 9:(VSdA)S S6TT00 NN [e39F ‘Wit 0'8 LN
Asdoine
Uo saInjeaJ
orydrowsAp
V<D ‘wnsojred
T+ZSOTI(TTISNVIDE €PPSTO NN sndoo jo sisouady
NSy  SHN JI0J UOHIEITPUT
‘sSurpuy [e104

dnoi3 Apnis SON ur s3urpuy pajiodey € ATAV.L



RIDNOI ET AL.

apparently healthy mother, so prognosis can be varying.
This child will need a close neurobehavioral follow-up. In
the second case, a low-level mosaicism (10-20%) for mono-
somy X was found. Ultrasound examination of the fetus was
normal as well as postnatal examination of a child at the
age of 1 year showed no developmental delay. Still chromo-
somal analysis from peripheral lymphocytes confirmed a
mosaic Turner's syndrome. In this case, regular follow-up
by the pediatric endocrinologist and later gynecologist is
recommended, due to increased risk for infertility and endo-
crine disorders (Levitsky et al., 2015). The third pathogenic
finding in Group A was a 3.7 Mb deletion in 9922.32q22.33
region. This region covers 23 genes, including FANCC,
PTCHI1, ERCC6L2, HSD17B3, TDRD7, XPA, FOXE1, NANS,
and GPR51. Craniosynostosis, hydrocephaly, macrosomia
and intellectual disability have been described in this known
9g22.3 microdeletion syndrome (Muller et al., 2012). A baby
of 3990 g. was born at term and had dysmorphic features:
trigonochephaly, hypoplasia of eyebrow arches, postaxial
polydactyly (rudimentary finger on the left hand), broad
nasal bridge and dysmorphic ears. This baby would need a
close follow-up due to the high risk of early craniosynosto-
sis as well as early intellectual disability.

The diagnostic yield of 1.6% in Group A is, therefore,
similar to the reports of other studies and reviews (Hillman
et al., 2013; Vogel et al., 2018; Wapner et al., 2012). However,
compared to the recently published Danish study, which re-
ported a CNV detection rate of 2.3% in screen-positive cases
after cFTS, our rate is lower (Vogel et al., 2018). This can be
explained by the fact that the indication for CMA in our study
was a risk greater than 1 in 100 after cFTS, whereas in the
Danish study the cut-off point was a risk greater than 1 in 300.

The diagnostic yield for CMA in Group B was 6.0%,
which was similar to other studies (Chong et al., 2019;
Hillman et al., 2013; Vogel et al., 2018; Wapner et al., 2012).
We found nine clinically significant pathogenic or likely
pathogenic CNVs (Table 1). Six pregnancies were termi-
nated due to fetal malformations and three babies were
born: two cases of 15q11.2 region microdeletion and a case
of 0.1 Mb deletion in 11p15.4 region. In first two 15q11.2
cases, microdeletion is inherited from apparently healthy
mothers, but it is a known region for possible intellectual
disability and autistic spectrum disorders (Butler, 2017),
therefore these children should have a thorough follow-up
by the neurologist. In second 11p15.4 deletion case, inva-
sive diagnostics was done due to high-risk result after cFTS
and familiar history. Mother has epsilon-gamma-delta-beta
thalassemia due to 11p15.4 microdeletion (OMIM#141900).
The same microdeletion was diagnosed in the fetus. Thus,
close antenatal surveillance was conducted. By the week
30, the fetus developed signs of anemia and intrauterine
blood transfusion was done. After the procedure fetus de-
veloped bradycardia and an emergency cesarean section
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was performed. Hemoglobin level was 90 g/l after birth
and several blood transfusions were performed. In this case
CMA provided with relevant clinical information not only
for postnatal life, but for antenatal surveillance as well.

In summary, we conclude that use of CMA in high-risk
pregnancies after cFTS is justified and provide with relevant
clinical information in about 3.6%. In the era of NIPT careful
consideration should be taken in high-risk patients, whether
to choose NIPT and potentially miss important microdele-
tions and duplications (Sotiriadis et al., 2017) or take a very
small risk of miscarriage after invasive diagnostic procedure
(Akolekar et al., 2015; Wulff et al., 2016), but possibly get infor-
mation of a great value for prenatal and postnatal surveillance.

The incidence of VOUS among both CMA study groups
was 3.3%. This number is higher than previously reported,
but is very dependent on the CMA technology used, local
protocols, or difficulties in interpretation during fetal life
(Levy & Wapner, 2018). In this study, a SNP-array CMA
platform is used. This allows us to evaluate the presence
of LSCH regions, although these findings are usually not
reported prenatally due to the lack of corresponding phe-
notypic description and the difficulties in interpreting the
results. LSCH regions may rarely be reported prenatally in
a case where the clinician suspects a specific recessively
inherited disease based on ultrasound or post-mortem
findings. Decisions about reporting or not reporting cer-
tain findings are made on a case-by-case basis (Pajusalu
et al., 2015). Reporting all VOUS in the prenatal setting is
challenging, but still worthwhile because some cases can
change their significance over time (Stosic et al., 2018).

In the sequencing cohort, an additional diagnostic yield
of 17.9% was seen after finding five clearly pathogenic find-
ings (Table 3). All cases were selected for NGS analysis only
due to ultrasound abnormalities (Table 1). This number
differs between published studies. Reasons for such dis-
crepancies include the selection of cases according to fetal
anomaly, number of probands in the cohorts, and choice of
NGS method used (Deden et al., 2020; Ferretti et al., 2019;
Monaghan et al., 2020). In NGS studies, the additional di-
agnostic yields when primarily using ES range from 8.5%
(Lord et al., 2019), in a large unselected cohort of 610 fe-
tuses, to 81% (Chandler et al., 2018), in a small series of 16
fetuses strongly suspected of having skeletal dysplasia and
using a targeted sequencing panel. In our previous study,
NSG diagnostic performance was investigated in the adult
and pediatric population in Estonia, resulting in a diagnostic
yield of 26.3% (Pajusalu et al., 2018). Regarding exome and
panel sequencing, similarly to CMA, challenges with report-
ing VOUS arise (Wert et al., 2020). In some cases, reporting
VOUS variants may still be considered, for example if the
known phenotype associated with the gene fits with ultra-
sound findings (Monaghan et al., 2020). This was the case in
which PKD1 VOUS was reported in a fetus with polycystic
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kidneys and another case in which a NOTCH1 variant was
reported after ultrasound findings of a heart defect. Two
pathogenic secondary findings in cancer-predisposing
genes (MLHI and BRCAI) were detected in this cohort and
reported back to the ordering physician for cascade screen-
ing of the family members. However, we are aware that The
European Society of Human Genetics recently published
their recommendations and suggested to be cautious with
reporting secondary findings (Wert et al., 2020).

Our NGS results illustrate how NGS-based tests may have
additional benefits beyond the scope of fetal medicine. Still,
more research is needed for a better delineation of malforma-
tion groups, where NGS would give the best diagnostic result.

5 | CONCLUSION

The use of CMA in high-risk pregnancies after cFTS is
justified and provides relevant clinical information in
approximately 3.6% of cases. In the NGS study group, we
report an added diagnostic yield of 17.9%.
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