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Abstract

Introduction: We evaluated the yield of chromosomal mi-
croarray analysis in pregnancies complicated with fetal
growth restriction (FGR) according to specific clinical pa-
rameters. Methods: The study was based on national re-
cords from the Israeli Ministry of Health. Chromosomal mi-
croarray analyses of amniocenteses performed nationwide
for the indication of FGR, from January 2016 to March 2018,

were included. The CMA yield was compared to 2 cohorts
that reported the background risk. Results: Of 174 tests per-
formed for the indication of FGR, there were 11 cases with a
pathogenic/likely pathogenic result (6.3%). The yield of
CMA was significantly higher in cases with major structural
findings (29.4 vs. 3.4%, p =0.001), compared to isolated FGR
but not for minor structural findings (6.1 vs. 3.4%, p = 0.5).
The rate of chromosomal aberrations was significantly high-
er for all cases with FGR, when compared to the background
risk of a cohort of normal pregnancies (odds ratio [OR] 4.7,
95% Cl 2.5-9 and OR 6.09, 95% CI 3.2-11.4) but not for iso-
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lated cases or cases diagnosed after 24 weeks of pregnancy.
Conclusions: Chromosomal microarray analysis should be
performed for all pregnancies complicated with FGR diag-
nosed before 24 weeks and for cases with major structural
anomalies. © 2020 S. Karger AG, Basel

Introduction

Fetal growth restriction (FGR) is a condition in which
the fetus fails to achieve its full growth potential in utero.
Fetuses with FGR are at risk for perinatal morbidity and
mortality [1-3] in the prenatal and postnatal periods. The
common definition is estimated fetal weight <10th per-
centile or abdominal circumference <5th percentile for
gestational age [4, 5]. However, a stricter cutoff of 2 stan-
dard deviations (SDs) below the mean is usually applied
for the purpose of genetic workup. FGR has several pos-
sible etiologies, including placental factors, infection, ma-
ternal chronic conditions, and genetic causes [4]. Genetic
causes are found in up to 20% of FGR cases [5-7]. These
include chromosomal abnormalities, submicroscopic
chromosomal syndromes, monogenic syndromes, and
conditions related to epigenetic mechanisms [5, 7].

The American College of Obstetrics and Gynecology
recommends genetic testing for cases of FGR detected in
the midtrimester and for cases in which a structural
anomaly is detected [8]. Previous studies reported the
yield of chromosomal microarray analysis (CMA) in the
presence of FGR to be in the range of 4.8-18.8%, with a
significantly higher yield whenever additional fetal struc-
tural abnormalities are observed [9-12]. The reported in-
cremental yield of CMA over karyotype in FGR cases is
4.8-10% [10, 12, 13]. The yield for CMA in pregnancies
with no sonographic abnormalities has been reported to
be in the range of 0.84-1.7% [14-16]. Data regarding the
yield of CMA in FGR pregnancies according to specific
clinical characteristics such as gestational age at which
FGR was diagnosed, its severity, and other clinical param-
eters are sparse. The aim of this study was to assess the
yield of CMA in pregnancies complicated with FGR in
various clinical scenarios.

Material and Methods

We searched the electronic database of the Israeli Ministry of
Health (MOH) for CMA tests performed in FGR pregnancies,
from January 2016 to March 2018. All cases included in the study
were tested following formal genetic counseling. The formal cri-
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teria for testing according to the Medical Genetics Association
are fetal growth sonographic estimation of 2 SDs below the mean
(below the 3rd percentile); however, some cases that were in the
low-normal range (but below the 10th percentile) were also test-
ed. Testing was financed by the MOH after approval by a clinical
geneticist.

Clinical data were obtained from the Israeli national database
and from patients’ medical records. Detailed clinical information
including maternal age, maternal chronic illness, familial back-
ground of genetic conditions, obstetrical history of recurrent
spontaneous abortions, elevated nuchal translucency, biochemi-
cal screening results, gestational age at diagnosis, lowest weight
percentile recorded during the pregnancy, and the presence of
additional sonographic findings were retrieved. Additional find-
ings were grouped into the following: major structural anomalies
defined as conditions that create significant medical problems for
the patient or that require specific surgical or medical manage-
ment; minor anomalies that are findings that are not a normal
variation but do not cause increased morbidity and soft signs.
Pathogenic (P)/likely pathogenic (LP) copy number of variants
(CNVs) classification was based on the American College of
Medical Genetics and Genomics (ACMG) and the Clinical Ge-
nome Resource (ClinGen) 2020 guidelines [17, 18].

CMA findings were reviewed by 2 authors (R.S.H. and .M.)
and grouped into 4 categories:

1. Normal (including benign and variants of unknown signifi-
cance - likely benign categories),

2. P/LP variants,

3. Microdeletion/duplication with low penetrance, and

4. Variants of unknown clinical significance (VUS).

The categorization was based on laboratory reports, as well as
new information gained from the medical literature and from the
authors’ experience. For VUS, only cases with deletions of =1 Mb
and duplications of =2 Mb were included. These variants are re-
ported by the lab, according to the guidelines determined by Is-
raeli Society of Medical Geneticists.The yield of CMA included
both microscopic and submicroscopic aberrations. Microarray
results were also categorized into “karyotype detectable” (i.e.,
CNVs of at least 10 MB) or not “karyotype detectable” in order
to assess the incremental yield of CMA over karyotype.

Two cohorts were used to assess the background risk. A large
local cohort of 5,541 cases with normal prenatal ultrasounds in a
large, hospital-based clinical laboratory [16]. This cohort includ-
ed cases tested for advanced maternal age, abnormal maternal
first- or second-trimester serum screening and cases with no in-
dication for testing. The prevalence of CNV’s for this cohort was
1.4% (78 cases). A second cohort of 10,614 cases was extrapolated
from a meta-analysis by Srebniak et al. [15]. We calculated the
background risk by adding the risk for submicroscopic chromo-
somal abnormalities to the risk for chromosomal abnormalities
[19]. This risk was 1:384, based on the average maternal age of
our cohort. The prevalence of abnormal CNVs for this cohort
was 1.1%.

The study was approved by the Institutional Review Board for
Human Subjects (September 6, 2016, registration number -
MOH?2016). CMA testing was performed by 12 laboratories as
described previously [20]. Genomic coordinates were evaluated
in accordance with genome build GRCh37/hg19 in all laborato-
ries. All analyses performed in the different laboratories met the
standards and guidelines of the American College of Genetics
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All Chromosomal Microarray Analyses of amniocenteses performed
nationwide for the indication of Fetal Growth Restriction, from

January 2016 to March 2018.

(n =210)
Exclusion (n = 36)

Twin pregnancies (n = 14) |

Clinical data wasn't D

available (n = 22)

Y
Eligible women
(n=174)
Y Y Y
f.DaFa regardlng.US Isolated FGR Non-isolated FGR
indings not available _ _
(n = 49) (n =59) (n = 66)
Fig. 1. Study sample formation. CMA,
chromosomal microarray analysis; FGR,
fetal growth restriction.
Table 1. Clinical characteristics and Genomics for constitutional cytogenomic microarray analy-
sis, including postnatal and prenatal applications [17, 18], ad-
Characteristic Mean + SD/ opted by the recommendations of the Israeli Medical Genetics
N (%) Association [13].

Maternal age 31.5+4.9 Statistical Analysis
Gestational age at diagnosis 25.6+6.15 Fisher’s Exact test or x> were used to test the differences be-
Gestational age at amniocentesis 28.246.7 tween CMA yield in relation to different parameters and compared
Lowest weight percentile* 3.942.5 to the background risk. p < 0.05 was considered statistically sig-
EFW >5 percentile* 19/92 (20.6) nificant. Odds ratio (OR) is derived using the OR formula for a
EFW <5 percentile* 73/92 (79.3) 2-dimensional table with a confidence interval of 95%. Python sta-
EFW <3 percentile* 54/92 (58.7) tistics library version 3.5.1 (scipy.stats) was used for statistical

EFW <1 percentile*

Additional sonographic findings
(non-isolated FGR)*

Abnormal biochemical screen*

Chronic maternal illness*$

Familial background of genetic conditions*

IVF pregnancy*

History of FGR*

Clinical characteristics suggestive of
placental insufficiency*

10/92 (10.8)

66/125 (52.8)
15/93 (16.1)
13/127 (10.2)
28/120 (23)
7/65 (10.77)
4/90 (4.44)

29/112 (25.89)

SD, standard deviation; FGR, fetal growth restriction; IVF, in
vitro fertilization. * Among the cases with available data. ¥ Abnor-
mal biochemical screen: first or second trimester screening test for
Down syndrome. $ Chronic maternal illness includes asthma, hy-
percouglation syndrome, thalassemia, epilepsy.
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analysis.

Analysis was performed only for cases where data regarding the
specific parameter analyzed were available. Cases with missing
data regarding a specific parameter were not included in the anal-
ysis. In the analysis CMA results classified as abnormal (P/LP)
(group 2) were compared to groups 1, 3, and 4 combined (normal
CMA, low penetrance, and VUS).

Power Analysis

The number of cases needed to detect a 3-fold increase in the
rate of abnormal CMA results from the prevalence of abnormal
CMA results reported in the local background cohort of 5,541
cases (1.4%) was 203 and for a 4-fold increase the minimal sample
size needed was 102 (power of 0.8). The number of cases needed
to detect a 3-fold increase in the rate of abnormal CMA results
from the prevalence of abnormal CMA results reported in the me-
ta-analysis cohort of 10,614 cases (1.1%) was 260 and for a 4-fold
increase the minimal sample size was 131 (power of 0.8).
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Table 2. Summary of P/LP CMA and microdeletion/duplication with low penetrance findings

Case Diagnosis Percentile Additional USA findings CMA result (ISCN*) array GRCh37/hg19 Karyotype
week detectable
1 22.6 PLSVC, retrognathia Wolf-Hirschhorn Yes
arr 4p16.3p15.33 (68,345-12,620,851) x 1
2 24 2.5 CPC prominent forehead, clenched hands Trisomy 18 Yes
3 246 Right club hand, pulmonary stenosis, narrowing of aortic arch arr chr4 p16.3del -p15.32 (1-17,588,863) x 1~ Yes
and widening of the ascending aorta. Small stomach and arr chr7q36.3 (156,646,277-159,321,559) x 3
kidneys Unbalanced translocation
4 26 2.5 SUA, inlet VSD, thickening of the pulmonary valve, hand Trisomy 18 Yes
deformities
5 17 1 No Trisomy 21 Yes
6 20 Echogenic bowel, CCP, SUA, dolichocephaly Wolf-Hirschhorn No
arr 4p16.3p16.1 (68,345-9,569,582) x 1
7 17.7 Unilateral pyeloectasis Arr 15q11.2 (22,770,421-23,625,785) x 1 No
arr 12p1 (23,995,360-24,414,292) x 1
8 arr 16p11.2 (28,824,490-29,051,191) x Imat No
9 227 VSD hypoplastic RV, clenched hands Trisomy 18 Yes
10 22 No arr 17q12 (34440088-36307773) x 3 No
11 14 CPC, SUA arr (1-22) x 3), (X) x 2, (Y) x 1 Yes
Intracardial echogenic focus Triploid male
Microdeletion/duplication with low penetrance
1 32.3 7 No arr 15q11.2 (22,299,434-23,288,275) x 1 No
2 346 3 Oligohydramnios arr 15q11.2 (22,299,434-23,288,275) x 1 No

P/LP, pathogenic/likely pathogenic; CMA, chromosomal microarray analysis; CPC, chorid plexus cyst; SUA, single umblical artery; VSD, ventricular

septal defect; PLSVC, persistent left superior vena cava.

Results

Clinical Characteristics of the Study Cohort

A total of 210 CMA were performed as part of FGR
workup during the study period. We excluded 14 cases of
twin pregnancies (Fig. 1) and 22 cases for which we had
no clinical data. Clinical data were available for 174 sin-
gleton pregnancies (Table 1).

The mean maternal age in the cohort was 31.5 + 4.9
years. Mean gestational age at diagnosis was 25.6 £ 6.15
weeks. The mean lowest estimated fetal growth percentile
was 3.9 £ 2.5. Our cohort included 59 cases of isolated
FGR and 66 cases with additional findings. Data regard-
ing specific ultrasound findings in the additional 49 cases
were not available.

Chromosomal Microarray in Fetal
Growth Restriction Pregnancies

The Yield of CMA According to Different Clinical

Characteristics

Out of the 174 cases of singleton pregnancies for which
clinical data were retrieved, 159 had no abnormal CMA
findings (91.4%), 7 had chromosomal anomalies detect-
able by karyotype (4.0%), and 4 had a submicroscopic P/
LP CNV (2.3%). In 2 cases (1.2%) a microdeletion/dupli-
cation with low penetrance was detected, and in 2 cases
(1.2%) variants of unknown clinical significance were de-
tected (Table 2). The total yield of CMA testing was (6.3%)
(11 CNVs of 174 tests).

There were 3 cases of trisomy 18, 1 case of trisomy 21,
1 case of triploidy, 3 cases of Wolf-Hirschhorn syndrome
(2 cases with deletions and 1 case of an unbalanced trans-
location [deletion of chr4 p16.3-p15.32 and duplication
of chr7q36.3]) and 3 cases of submicroscopic chromo-
somal anomalies. In the P/LP group, 7 cases were detect-
able by karyotype and the incremental yield of CMA over
karyotype was 2.3%.
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Table 3. The yield of CMA according to clinical parameters

Parameter CMA p value
normal, N (%) abnormal, N (%) total

Isolated FGR 57 (96.6) 2(3.4) 59 0.07

Non-isolated FGR 58 (87.9) 8 (12.1) 66

Normal fetal echo 100 (95.2) 5 (4.8) 105 <0.005

Abnormal fetal echo 1(25) 3 (75) 4

Diagnosed >24 GW 59 (96.7) 2(3.3) 61 0.047

Diagnosed <24 GW 53 (86.9) 8(13.1) 61

Diagnosed >26 GW 51 (100) 0 51 0.005

Diagnosed <26 GW 61 (85.9) 10 (14.1) 71

Lowest percentile <5% 69 (94.5) 4 (5.5) 73 0.3

Lowest percentile >5% 19 (100.0) 0 19

Lowest percentile <3% 51 (94.4) 3 (5.6) 54 0.5

Lowest percentile >3% 37 (97.4) 1(2.6) 38

Lowest percentile <1% 9 (90.0) 1(10.0) 10 0.35

Lowest percentile >1% 79 (96.3) 3(3.7) 82

Signs of placental insufficiency 27 (100.0) 0 (0.0) 27 0.26

No signs of placental insufficiency 63 (95.5) 3 (4.5) 66

Maternal age >40 years 6 (85.7) 1(14.3) 7 0.29

Maternal age <40 years 150 (94.9) 8 (5.1) 158

Abnormal screening test* 14 (93.3) 1(6.7%) 15 0.8

Normal screening test* 74 (94.9) 4(5.1) 78

Previous FGR 4(100.0) 0(0.0) 4 0.58

No previous FGR 80 (93.0) 6 (7.0) 86

Hx of recurrent abortions 6 (85.7) 1(14.3) 7 0.5

No Hx of recurrent abortions 84 (92.3) 7(7.7) 91

IVF pregnancy 7 (100.0) 0(0.0) 7 0.4

No IVE 53 (91.4) 5(8.6) 58

Data presented here include only cases where data regarding the specific parameter analyzed were available.
CMA, chromosomal microarray analysis; FGR, fetal growth restriction; GW, gestational week; IVF, in vitro fer-
tilization. * First or second trimester screening test for Down syndrome.

Isolated FGR

Among cases with available ultrasound clinical infor-
mation and isolated FGR, 2 (3.4%) had P/LP CNV versus
8 (12.1%) in the non-isolated FGR group (p = 0.07, Ta-
ble 3). Findings in the isolated FGR group included
Down syndrome and 17q12 duplication ([34440088-
36307773] x 3).

Non-Isolated FGR

Among the 66 cases with available ultrasound clinical
information and non-isolated FGR, 49 had minor struc-
tural findings (such as soft signs and pericardial effusion)
or other findings related to parameters out of the normal
range (such as oligohydramnios/polyhydramnios, head
circumference of —2 SDs). The other 17 cases had major
structural anomalies, including hypospadias, persistent
left superior vena cava, micrognathia/retrognathia, ven-
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Table 4. P/LP CNV rates according to additional sonographic
findings

Parameter Cases, P/LP  p

n CNV  value*
Isolated FGR 59 3.4%
Non-isolated FGR 66 12.1%  0.07
FGR with minor structural findings 49 6.1% 0.5
FGR with major structural findings 17 29.4%  0.001

P/LP, Pathogenic/likely pathogenic; CNV, copy number of vari-
ant; FGR, fetal growth restriction. * Compared to isolated FGR.

tricular septum defect, cardiomegaly, aortic stenosis, club
foot, and ventriculomegaly. The yield of CMA was sig-
nificantly higher in cases with major structural findings,
when compared to isolated FGR (29.4 vs. 3.4%, p = 0.001),
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Table 5. The yield of CMA for FGR cases compared to background risk

Parameter Cases,  Clinically Compared to a background risk of 1.4%  Compared to a background risk of 1.1%
n significant CMA  in a population of 5,541 cases with in a population of 10,614 cases with
results,* 1 (%) normal ultrasound [16] OR (95% CI) normal ultrasound* [15] OR (95% CI)
p value p value
All FGR cases 174 11 (6.32) 4.7 (95% CI 2.5-9) 6.05 (95% CI 3.2-11.4)
p <0.0001 P <0.0001
Isolated FGR 59 2(3.39) 2.4 (95% CI0.6-10.2) 3.14 (95% CI 0.76-13.05)
p=02 p=09
Non-isolated FGR 66 8(12.12) 9.6 (95% CI 4.4-20.9) 12.4 (95% CI 5.8-26.5)
p < 0.0001 p < 0.0001
Diagnosis >24 weeks gestation 61 2 (3.28) 2.4 (95% CI 0.6-9.89) 3.04 (95% CI10.73-12.6)
p=0.22 p=0.11
Diagnosis >22 weeks gestation 85 5(5.88) 4.38 (95% CI 1.72-11.1) 5.6 (95% CI 2.2-14.1)
p =0.0007 p < 0.0001
Lowest percentile >1% 82 3(3.66) 2.66 (95% CI1 0.82-8.6) 3.4 (95% CI 1.06-10.9)
p=0.089 p=0.028
Lowest percentile >3% 38 1(2.63) 1.89 (95% CI 0.25-13.9) 2.42 (95% CI0.3-17/8)
p=0.52 p=037

FGR, fetal growth restriction; CMA, chromosomal microarray analysis; OR, odds ratio. * Pathoigenic and likely pathogenic. ** The background risk was
calculated as the risk for submicroscopic chromosomal abnormalities plus the risk for chromosomal abnormalities [17] (1:384) based on the average mater-

nal age of the cohort.

but not significantly higher for cases with minor struc-
tural findings (6.1 vs. 3.4%, p = 0.5; Table 4).

The yield of CMA was significantly higher for cases
with abnormal echocardiogram, (75 vs. 4.8%, p < 0.005;
Table 3). The number of additional sonographic findings
was correlated with the rate of abnormal CMA results: of
66 cases with additional abnormal sonographic findings,
there were 13 cases with >2 additional findings of which
5 had abnormal CMA results and 53 cases with <2 addi-
tional findings of which there were 3 cases with abnormal
CMA results (p = 0.001).

Estimated Weight Percentile

Data regarding the lowest estimated weight percentile
were available for 92 cases. P/LP CMA was found in 4, all
had an estimated fetal weight lower than the 5th percen-
tile. No correlations between the estimated weight per-
centiles and CMA yield were found in our cohort (3.7 vs.
10%, p = 0.35; 5.6 vs. 2.6%, p = 0.5; and 5.5% vs. 0, p = 0.3
for 1st percentile, 3rd percentile, and the 5th percentile
respectively; Table 3).

Gestational Age at Diagnosis

Early detection of FGR was correlated to a significant-
ly higher yield of pathogenic/likely pathogenic results.
The yield of CMA for cases diagnosed at <24 weeks of

Chromosomal Microarray in Fetal
Growth Restriction Pregnancies

gestation compared to cases diagnosed after 24 weeks was
significantly higher (13.1 vs. 3.3%, p = 0.047). For FGR
cases diagnosed after 26 weeks there were no P/LP results
(Table 3). Other parameters such as maternal age, mater-
nal chronic illness, familial background of genetic condi-
tions, obstetrical history of recurrent abortions, elevated
nuchal translucency, elevated Down syndrome risk ac-
cording to biochemical screening, and prenatal workup
were not significantly associated with an increased likeli-
hood of pathogenic CNVs (Table 3).

The Yield of CMA Compared to the Background Risk

(Table 5)

We assessed the yield of CMA in different clinical sce-
narios of FGR pregnancies compared to 2 cohorts that
represented the background risk: a cohort of 5,541 un-
complicated pregnancies for which the yield of CMA was
1.4% [16] and a cohort of 10, 614 cases extrapolated from
a meta-analysis by Srebniak et al. [15] for which the yield
of CMA was 1.1%.

The rate of chromosomal abnormalities was signifi-
cantly higher for all FGR cases as compared to the back-
ground population for both cohorts; OR for the cohort of
5,541 cases was 4.7 (95% CI 2.5-9), and OR for the cohort
of 10,614 cases was 6.05 (95% CI 3.2-11.4) (p < 0.0001).
While the yield for non-isolated cases (8/66, 12.12%) was
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significantly higher than the background risk, ORs for the
2 cohorts were 9.6 (95% CI 4.4-20.9) and 12.4 (95% CI
5.8-26.5) respectively (p < 0.0001); for isolated FGR cases
(3.4%) it was not significantly higher (p = 0.9). The yield
was higher than the background risk for cases diagnosed
with FGR after 22 weeks of gestation compared to both
cohorts. OR for the 2 cohorts were 4.38 (95% CI 1.72-
11.1, p = 0.0007) and 5.6 (95% CI 2.2-14.1, p < 0.0001),
respectively, but not for cases diagnosed after 24 weeks
(p = 0.11). For cases in which the lowest estimated birth-
weight percentile was below 1%, the yield was higher than
the background risk.

Discussion

In our cohort of 174 FGR cases of singleton pregnan-
cies the yield of both microscopic and submicroscopic
aberrations detected by CMA was 6.3%. The rate of P/LP
results for cases diagnosed at <24 weeks of gestation was
significantly higher compared to cases diagnosed after 24
weeks. The yield of CMA in non-isolated FGR cases and
in cases diagnosed before 24 weeks was significantly high-
er as compared to the background risk reported in un-
complicated pregnancies.

Several studies reported the yield of CMA for FGR cas-
es to be in the range of 4.8-18.8% [9-12, 21]. The cohorts
in these studies involved various inclusion parameters
and clinical characteristics.

The rate of pathogenic CMA in non-isolated FGR cas-
es was found to be higher than in the isolated FGR cases,
in most cohorts. The difference between the yield of CMA
in the non-isolated (12.7%) compared to the isolated
groups (3.4%) in our study is that it approached statistical
significance (p = 0.07) and would have probably been sig-
nificant with a larger cohort. The reported rates of 12%
(3/27) [9] and 10.2% (5/49) [10] for non-isolated cases in
previous studies were similar to our detection rate of
12.7% (8/63).

In order to better explore the yield of CMA in the pres-
ence of structural findings, we subgrouped these cases
into minor and major structural anomalies. The yield of
CMA was significantly higher in the major structural
findings group, when compared to isolated FGR, but this
was not true when comparing pathogenic CMA in the
minor structural anomalies group to isolated FGR. While
in our cohort the rate of pathogenic CMA was higher in
the major structural findings group, 29.4% (5/17), com-
pared to the minor findings group, 6.1% (3/49), Borrell et
al. [10] reported differently. In their cohort, when differ-
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entiating between nonstructural abnormalities and major
structural malformations the yield of CMA was similar:
10% (3/30) and 10.5% (2/19), respectively [10]. This dif-
ference may be due to a difference in the inclusion crite-
ria. Borrell et al. [10] included only cases with normal
rapid chromosomal analysis results for 5 chromosomes
while in the current study CMA was the primary genetic
test performed. In our cohort, 7 cases with pathologic
CMA were karyotype detectable (4 detectable by rapid
chromosomal analysis), of which 5 had major structural
findings, 1 had a minor anomaly, and 1 was a case of iso-
lated FGR.

As reported in previous studies [17, 22], the yield of
CMA for FGR cases combined with prenatally detected
congenital heart malformations was significantly higher.

We found no correlation between the severity of [IUGR
and the yield of CMA. In this study, most cases were be-
low the 3rd percentile, according to the formal criteria for
testing, and the vast majority of cases were below the 5th
percentile. However, our study did include some cases in
the low-normal range between the 3ed and 10th percen-
tile. There are a number of reasons for performing inva-
sive testing and CMA analysis in these cases including the
limited time available for genetic workup in an ongoing
pregnancy, the known margin of error for fetal biometric
measurements, and the possibility that growth restriction
can be progressive and parameters below the normal
range may be detected in a follow-up scan later in the
pregnancy. The inclusion of these cases allowed us to as-
sess the yield of CMA in these borderline cases. We had
19 cases with fetal parameters between the 5th percentile
and 10th percentile of which no abnormal CMA findings
were detected and 38 cases above the 3rd percentile with
1 abnormal CMA result (2.6%). As far as we know, no
previous study has assessed the yield of CMA according
to the estimated fetal weight percentile. A larger cohort
might help clarify the impact of the estimated fetal weight
percentile on the risk for a P/LP CMA result.

Regarding microscopic chromosomal anomalies,
there is an assumption that cases detected early in preg-
nancy are more likely to have a chromosomal abnormal-
ity as compared to cases detected later in the pregnancy
[23]. In our cohort, all cases of pathologic CMA were di-
agnosed with FGR before 26 weeks of gestation; hence,
the yield of CMA was strongly correlated with gestation-
al age at diagnosis. Of the cases detected before 24 weeks,
42.8% (3/7) were submicroscopic anomalies compared to
33.33% (1/3) for cases detected after 24 weeks.

Peng et al. [24] explored chromosomal anomalies (mi-
croscopic and submicroscopic) in isolated FGR cases and

Tzadikevitch Geffen et al.

=
<
w0
<}
@
®
I
=
N
=}
o
R
o
B
~
o
LY




found higher rate pathologic findings in cases detected
before 32 weeks of gestation compared to cases detected
later in the pregnancy (12.7 vs. 1.8%, p = 0.042) [24]. An
etal. [11] recently reported a similar trend in a cohort of
isolated FGR cases detected at 19-23.8 weeks as com-
pared to cases diagnosed at 24-32.8 weeks (9.6 vs. 9.3%,
p = 1.00, respectively) [11]. This suggests that for cases
where FGR is diagnosed earlier in the pregnancy, the mo-
tivation for invasive testing and CMA analysis should be
higher.

When counseling couples with a diagnosis of FGR, one
of the major issues is to aid them in their decision regard-
ing invasive genetic testing. These cases are usually diag-
nosed in the mid-second trimester or third trimester;
hence, this is relevant for couples that had not opted for
invasive testing earlier in the pregnancy. In some cases,
noninvasive prenatal screening (NIPS) had already been
performed. In this study, out of 11 P/LP abnormal CMA
results, there were 4 detectable by standard NIPS and an
additional 3 cases could have been detected by NIPS plat-
forms that includes specific submicroscopic aberrations.
However, the sensitivity for NIPS is not 100% especially
for submicroscopic aberrations.

We found that the yield of CMA in all FGR cases was
significantly higher compared to the background popula-
tion of both a local cohort [16] and a cohort derived from
a meta-analysis [15]. The OR for all FGR cases was 4.7
(95% CI 2.5-9) and for non-isolated FGR it was 10.2 (95%
CI4.7-22.1).

The rate of isolated FGR cases and of cases diagnosed
after 24 weeks was not significantly higher than that of the
control population background. However, if we look at
the yield of isolated cases (3.39% compared to the back-
ground risk of 1.4%) we can assume that a significant dif-
ference could have been reached if the cohort were larger.
Therefore, this information should be conveyed to cou-
ples and factored into their decisions.

The spectrum of abnormal CMA results included
both chromosomal microscopic and submicroscopic
anomalies. The incremental yield of CMA over karyo-
typing was 2.3%. Interestingly, there were 3 cases of
Wolf-Hirschhorn syndrome (MIM #194190) one of
which was an unbalanced translocation, a common
mechanism for this disorder [25]. This multisystem dis-
order consists of characteristic facies, delayed growth
and development, hypotonia, hearing loss, intellectual
disability, and seizures, as well as congenital heart de-
fects, urinary tract malformations, and/or structural
brain abnormalities. All 3 cases diagnosed in this cohort
had additional findings; however, in 1 case these were

Chromosomal Microarray in Fetal
Growth Restriction Pregnancies

only minor findings and in all 3 a specific diagnosis could
not have been determined based on the combination of
sonographic findings.

The current analysis has several important limitations.
The study cohort does not include all suspected FGR cas-
es. It consists of only cases where genetic testing was opt-
ed, indicating a potential bias for inclusion of cases that
are more suggestive of a genetic abnormality. Hence, the
true rate of abnormal CMA results may be lower than the
calculated rate in our study. The retrospective nature of
data acquisition did not include complete clinical data for
every case; hence, the cohorts used for analysis of the dif-
ferent clinical aspects were limited to cases where infor-
mation was available to us. However, we undertook great
efforts to access the clinical files and retrieve the maxi-
mum information available for most cases. We also did
not have access to postnatal data, which could be import-
ed in counseling couples with FGR pregnancies. How-
ever, our aim was to assess the yield of CMA based on
clinical parameters that are available during pregnancy
when the decision regarding invasive testing is made. An-
other limitation was that CMA was performed by several
laboratories using different platforms. Finally, our cohort
size may have been underpowered for some of the sub-
analysis performed for specific stratification groups. Nev-
ertheless, this study presents one of the largest cohorts of
CMA results in pregnancies with FGR and focused on
analyzing the results according to specific clinical charac-
teristics.

Conclusion

The yield for CMA in cases of FGR pregnancies is sig-
nificantly higher than the background risk for non-isolat-
ed cases and for cases diagnosed before 24 weeks. These
findings should be conveyed to couples who opt for inva-
sive genetic testing as part of FGR workup.

Statement of Ethics

The study was approved by the Ministry of Health Institution-
al Review Board (Helsinki Committee) for Human Subjects (Sep-
tember 6, 2016, registration number - MOH2016). The study is
retrospective, there was no interaction with the study participants.
Hence, the institutional review board granted us an exemption
from obtaining informed consent.

Fetal Diagn Ther 2021;48:140-148 147
DOI: 10.1159/000511475

1 7:38:05 AM



Conflict of Interest Statement

The authors report no conflict of interest.

Funding Sources

This study received no funding.

References

Lees C, Marlow N, Arabin B, Bilardo CM,
Brezinka C, Derks JB, et al. Perinatal morbid-
ity and mortality in early-onset fetal growth
restriction: cohort outcomes of the trial of
randomized umbilical and fetal flow in Eu-
rope (TRUFFLE). Ultrasound Obstet Gyne-
col. 2013;42(4):400-8.

Perez-Cruz M, Cruz-Lemini M, Fernandez
MT, Parra JA, Bartrons J, Gomez-Roig MD, et
al. Fetal cardiac function in late-onset intra-
uterine growth restriction vs small-for-gesta-
tional age, as defined by estimated fetal
weight, cerebroplacental ratio and uterine ar-
tery Doppler. Ultrasound Obstet Gynecol.
2015;46(4):465-71.

Longo S, Bollani L, Decembrino L, Di Comite
A, Angelini M, Stronati M. Short-term and
long-term sequelae in intrauterine growth re-
tardation (IUGR). ] Matern Fetal Neonatal
Med. 2013;26(3):222-5.

American College of Obstetricians and Gyne-
cologists. ACOG practice bulletin no. 134: fe-
tal growth restriction. Obstet Gynecol. 2013;
121(5):1122-33.

Maulik D. Fetal growth restriction: the etiol-
ogy. Clin Obstet Gynecol. 2006;49(2):228-35.
Fang Q, You Z, Wang C, Chen J, Su X, Zhang
X. [Analysis of chromosomal karyotypes in
300 fetal blood samples during the second and
third trimesters of gestation]. Zhonghua Yi
Xue Yi Chuan Xue Za Zhi. 2000;17(1):16-9.
Snijders RJ, Sherrod C, Gosden CM, Nico-
laides KH. Fetal growth retardation: associ-
ated malformations and chromosomal abnor-
malities. Am ] Obstet Gynecol. 1993;168(2):
547-55.

ACOG Practice Bulletin No. 204. ACOG
practice bulletin No. 204: fetal growth restric-
tion. Obstet Gynecol. 2019;133(2):e97-e109.
Zhu H, Lin S, Huang L, He Z, Huang X, Zhou
Y, et al. Application of chromosomal micro-
array analysis in prenatal diagnosis of fetal
growth restriction. Prenat Diagn. 2016;36(7):
686-92.

10

11

12

13

14

15

16

17

Author Contributions

K.T.G. - project development, data collection and analysis, and
manuscript writing. A.S. - project development, data collection,
and manuscript editing. I.M. - data analysis and manuscript edit-
ing. S.B.S. - data collection and manuscript editing. L.S.D. - data
collection and manuscript editing. H.D. - data collection and
manuscript editing. R M.C. - data collection and manuscript edit-
ing. L.G. - data collection and manuscript editing. M.F.Z. - data
collection and manuscript editing. R.S.H. - project development,
data collection and analysis, and manuscript writing.

Borrell A, Grande M, Meler E, Sabria J, Maz-
arico E, Muiioz A, et al. Genomic microarray
in fetuses with early growth restriction: a mul-
ticenter study. Fetal Diagn Ther. 2017;42(3):
174-80.

An G, Lin Y, Xu LP, Huang HL, Liu SP, Yu
YH, etal. Application of chromosomal micro-
array to investigate genetic causes of isolated
fetal growth restriction. Mol Cytogenet. 2018;
11:33.

Borrell A, Grande M, Pauta M, Rodriguez-
Revenga L, Figueras F. Chromosomal micro-
array analysis in fetuses with growth restric-
tion and normal karyotype: a systematic re-
view and meta-analysis. Fetal Diagn Ther.
2018;44(1):1-9.

Sagi-Dain L, Maya I, Reches A, Frumkin A,
Grinshpun-Cohen J, Segel R, et al. Chromo-
somal microarray analysis results from preg-
nancies with various ultrasonographic anom-
alies. Obstet Gynecol. 2018;132(6):1368-75.
Wapner R, Martin CL, Levy B, Ballif BC, Eng
CM, Zachary JM, et al. Chromosomal micro-
array versus karyotyping for prenatal diagno-
sis. N Engl ] Med. 2012;367(23):2175-84.
Srebniak MI, Joosten M, Knapen MFCM, Ar-
ends LR, Polak M, van Veen S, et al. Frequen-
cy of submicroscopic chromosomal aberra-
tions in pregnancies without increased risk
for structural chromosomal aberrations: sys-
tematic review and meta-analysis. Ultrasound
Obstet Gynecol. 2018;51(4):445-52.
Sagi-Dain L, Cohen Vig L, Kahana S, Yacob-
son S, Tenne T, Agmon-Fishman I, et al.
Chromosomal microarray vs. NIPS: analysis
of 5541 low-risk pregnancies. Genet Med.
2019 Nov;21(11):2462-7.

Hureaux M, Guterman S, Hervé B, Till M,
Jaillard S, Redon S, et al. Chromosomal mi-
croarray analysis in fetuses with an isolated
congenital heart defect: a retrospective, na-
tionwide, multicenter study in France. Prenat
Diagn. 2019;39(6):464-70.

148

Fetal Diagn Ther 2021;48:140-148

DOI: 10.1159/000511475

18

19

20

21

22

23

24

25

Riggs ER, Andersen EF, Cherry AM, Kantarci
S, Kearney H, Patel A, et al. Technical stan-
dards for the interpretation and reporting of
constitutional copy-number variants: a joint
consensus recommendation of the American
College of Medical Genetics and Genomics
(ACMG) and the clinical genome resource
(ClinGen). Genet Med. 2020;22(2):245-57.
Hook EB. Rates of chromosome abnormali-
ties at different maternal ages. Obstet Gyne-
col. 1981;58(3):282-5.

Tzadikevitch Geffen K, Singer A, Maya I, Sa-
gi-Dain L, Khayat M, Ben-Shachar S, et al.
Chromosomal microarray should be per-
formed for cases of fetal short long bones de-
tected prenatally. Arch Gynecol Obstet. 2020
Aug 6.

Shaffer LG, Rosenfeld JA, Dabell MP, Cop-
pinger J, Bandholz AM, Ellison JW, et al. De-
tection rates of clinically significant genomic
alterations by microarray analysis for specific
anomalies detected by ultrasound. Prenat Di-
agn. 2012;32(10):986-95.

ZhuX,LiJ,RuT, Wang Y, Xu Y, Yang Y, et
al. Identification of copy number variations
associated with congenital heart disease by
chromosomal microarray analysis and next-
generation sequencing. Prenat Diagn. 2016;
36(4):321-7.

Lituania M, Passamonti U, Esposito V. Ge-
netic factors and fetal anomalies in intrauter-
ine growth retardation. ] Perinat Med. 1994;
22(Suppl 1):79-83.

Peng R, Yang J, Xie HN, Lin MF, Zheng J.
Chromosomal and subchromosomal anoma-
lies associated to small for gestational age fe-
tuses with no additional structural anomalies.
Prenat Diagn. 2017;37(12):1219-24.

South ST, Whitby H, Battaglia A, Carey JC,
Brothman AR. Comprehensive analysis of
Wolf-Hirschhorn syndrome wusing array
CGH indicates a high prevalence of transloca-
tions. Eur ] Hum Genet. 2008;16(1):45-52.

Tzadikevitch Geffen et al.

Downloaded by:

Seoul Nat'l Medical School

147.46.181.251 - 3/22/2021 7:38:05 AM


https://www.karger.com/Article/FullText/511475?ref=1#ref1
https://www.karger.com/Article/FullText/511475?ref=1#ref1
https://www.karger.com/Article/FullText/511475?ref=2#ref2
https://www.karger.com/Article/FullText/511475?ref=3#ref3
https://www.karger.com/Article/FullText/511475?ref=3#ref3
https://www.karger.com/Article/FullText/511475?ref=4#ref4
https://www.karger.com/Article/FullText/511475?ref=5#ref5
https://www.karger.com/Article/FullText/511475?ref=6#ref6
https://www.karger.com/Article/FullText/511475?ref=6#ref6
https://www.karger.com/Article/FullText/511475?ref=7#ref7
https://www.karger.com/Article/FullText/511475?ref=8#ref8
https://www.karger.com/Article/FullText/511475?ref=9#ref9
https://www.karger.com/Article/FullText/511475?ref=10#ref10
https://www.karger.com/Article/FullText/511475?ref=11#ref11
https://www.karger.com/Article/FullText/511475?ref=12#ref12
https://www.karger.com/Article/FullText/511475?ref=13#ref13
https://www.karger.com/Article/FullText/511475?ref=14#ref14
https://www.karger.com/Article/FullText/511475?ref=15#ref15
https://www.karger.com/Article/FullText/511475?ref=15#ref15
https://www.karger.com/Article/FullText/511475?ref=16#ref16
https://www.karger.com/Article/FullText/511475?ref=17#ref17
https://www.karger.com/Article/FullText/511475?ref=17#ref17
https://www.karger.com/Article/FullText/511475?ref=18#ref18
https://www.karger.com/Article/FullText/511475?ref=19#ref19
https://www.karger.com/Article/FullText/511475?ref=19#ref19
https://www.karger.com/Article/FullText/511475?ref=20#ref20
https://www.karger.com/Article/FullText/511475?ref=21#ref21
https://www.karger.com/Article/FullText/511475?ref=21#ref21
https://www.karger.com/Article/FullText/511475?ref=22#ref22
https://www.karger.com/Article/FullText/511475?ref=23#ref23
https://www.karger.com/Article/FullText/511475?ref=24#ref24
https://www.karger.com/Article/FullText/511475?ref=25#ref25

	startTableBody
	startTableBody
	StartZeile
	Zwischenlinie
	startTableBody
	startTableBody
	startTableBody

