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a b s t r a c t

Objective: We present the application of non-invasive prenatal testing (NIPT) in late gestation in a
pregnancy associated with intrauterine growth restriction (IUGR) and trisomy 22 confined placental
mosaicism (CPM).
Case report: A 35-year-old pregnant woman underwent chorionic villus sampling (CVS) at 12 weeks of
gestation. The pregnancy was conceived by in vitro fertilization and intracytoplasmic sperm injection.
CVS revealed a karyotype of 47,XY,þ22 in all of 15 cultured chorionic villi cells. Array comparative
genomic hybridization analysis on uncultured chorionic villi revealed a result consistent with trisomy 22.
The woman underwent amniocentesis at 17 weeks of gestation. Amniocentesis revealed a karyotype of
46,XY in all 20 colonies of cultured amniocytes. Additional polymorphic DNA marker analysis excluded
uniparental disomy 22. The parental karyotypes were normal. Prenatal ultrasound at 23 weeks of
gestation revealed fetal retrognathia, IUGR and a calcified placenta. NIPT at 27 weeks of gestation using
maternal plasma cell-free DNA analysis showed a chromosome Z-score of 5.74 for chromosome 22 (the
Z-score for each pair of chromosomes is defined as “increased” if >3), indicating an abnormal placenta
with trisomy 22 CPM leading to IUGR in the fetus. At 36 weeks of gestation, a 1754-g male fetus was
delivered with cleft palate and imperforate anus but no other phenotypic abnormalities. The cord blood
had a karyotype of 46,XY (40/40 cells), the umbilical cord had a karyotype of 47,XY,þ22[9]/46,XY[31], and
the placental tissues had a karyotype of 47,XY,þ22[15]/46,XY[25].
Conclusion: NIPT in late gestation is useful in detection of placental abnormality associated with CPM
and IUGR but a normal karyotype at amniocentesis.
© 2017 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Confined placental mosaicism (CPM) is related to mosaicism of
extra-fetal origin that is confined to placenta. CPM is considered as
the main cause of false-positive findings in chorionic villus
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sampling (CVS). Three types of CPM have been reported, i.e., type I:
abnormal cells in direct preparations of cytotrophoblasts only; type
II: abnormal cells in cultured cells of extraembryonic mesoderm;
and type III: abnormal cells in both cell lineages of cytotrophoblasts
and extraembryonic mesoderm cells [1,2].

Trisomy 22, commonly found in spontaneous abortions, is sec-
ond to trisomy 16 in the frequency of occurrence. Fetuses with full
trisomy 22 is characterized by the phenotype of intrauterine
growth restriction (IUGR), microcephaly, broad flat nasal bridge,
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epicanthal folds, ocular hypertelorism, microtia, cleft palate and lip,
webbed neck, cardiac anomalies, renal anomalies, hypoplastic
distal phalanges, digitalized thumbs, anal atresia/stenosis and
genital anomalies in males [3]. Here, we present our experience of
trisomy 22 CPM with positive non-invasive prenatal testing (NIPT)
in late gestation in a pregnancy conceived by assisted reproductive
techniques (ART) and associated with IUGR.

Case report

A 35-year-old, primigravid woman was referred for genetic
counseling because of an abnormal result of trisomy 22 obtained by
CVS. This pregnancy was conceived by ART of in vitro fertilization
(IVF) and intracytoplasmic sperm injection (ICSI). The woman un-
derwent CVS at 12 weeks of gestation because of advanced
maternal age and an abnormal first-trimester Down syndrome
screening result with a Down syndrome risk of 1/4 calculated from
2.303 multiples of the median (MoM) of maternal serum free b-
human chorionic gonadotropin (b-hCG), 0.402 MoM of maternal
serum pregnancy-associated plasma protein A (PAPP-A) and a
nuchal translucency of 64 mm. CVS revealed a karyotype of
47,XY,þ22 in 15/15 cells of cultured chorionic villi, and array
comparative genomic hybridization (aCGH) analysis on the DNA
extracted from uncultured chorionic villi revealed a result of arr
[GRCh37] (22) � 3, (X,Y) � 1. She underwent amniocentesis at 17
weeks of gestation which revealed a karyotype of 46,XY in 20/20
colonies of cultured amniocytes. The parental karyotypes were
normal. Polymorphic DNA marker analysis using the DNAs extrac-
ted from the cultured amniocytes and parental bloods showed
biparental inheritance and excluded uniparental disomy (UPD) 22.
Prenatal ultrasound revealed retrognathia and IUGR in the fetus
and calcification in the placenta. NIPT at 27 weeks of gestation
using maternal plasma cell-free DNA sequencing performed by
Bionet Corp. showed a chromosome Z-score of 5.74 for chromo-
some 22, indicating an abnormal calcified placenta with trisomy 22
CPM leading to IUGR in the fetus. The Z-score for each pair of
chromosomes is defined as “increased” if >3 and “decreased” if
<�3 [4,5]. At 36 weeks of gestation, a male fetus was deliveredwith
a body weight of 1754 g, a body length of 44 cm, cleft palate and
imperforate anus but no other phenotypic abnormalities. The cord
blood revealed a karyotype of 46,XY in 40/40 cultured lymphocytes.
The placental tissues revealed a karyotype of 47,XY,þ22[15]/46,XY
[25]. The umbilical cord revealed a karyotype of 47,XY,þ22[9]/
46,XY[31].

Discussion

The present case has the association of ART with congenital
anomalies of facial cleft and imperforate anus. Children conceived
by ARTare at an increased risk of 15%e40% for congenital anomalies
[6]. Zwink et al. [7] reported a significantly increased risk of ano-
rectal malformations after IVF [odds ratio (OR): 10.9; 95% confi-
dence interval (CI): 6.2e19] and after ICSI (OR: 7.5; 95% CI:
4.6e12.2). Zwink et al. [7] reported an OR of 4.9 for isolated ano-
rectal malformations, an OR of 11.9 for anorectal malformations
with associated anomalies and an OR of 7.9 for anorectal malfor-
mations with VATER/VACTERL association in children conceived by
ART. Hutt et al. [8,9] reported cleft palate disorders in the offspring
of mothers exposed to environmental toxicants during fetal life.
Xiao et al. [10] reported multiple orofacial malformations in a child
conceived by ICSI. Reefhuis et al. [11] reported an OR of 2.4 (95% CI:
1.2e5.1) for cleft lip with or without cleft palate, an OR of 3.7 (95%
CI: 1.5e9.1) for anorectal atresia and an OR of 4.5 (95% CI: 1.9e10.5)
for esophageal atresia in the singleton births of mothers who re-
ported ART use (IVF or ICSI), and suggested that facial cleft,
anorectal atresia and esophageal atresia occur more often among
infants conceived by ART.

Bryan et al. [12] reported IUGR and hypospadias in a fetus with a
normal male karyotype of 46,XY and CPM for trisomy 22. Choi et al.
[13] reported false-positive NIPT associated with CPM for trisomy
22 and IUGR but without dysmorphic features in the fetus in a
pregnancy. Trisomy 22 CPM may occur in cases with CVS. Wol-
stenholme [14] reported combined incidence of 9e20 per 100,000
samples for mosaic and non-mosaic trisomy 22 CPM in diagnostic
CVS series. The peculiar aspect of the present case is the association
of a false-positive result of NIPT in late gestation with CPM and
IUGR. False-positive NIPT results can be caused by CPM or maternal
mosaicism [15,16]. Taglauer et al. [17] suggested that cell-free fetal
DNA in the maternal circulation can provide information about the
placenta and potentially be used to predict placental health and
disease. Our case provides evidence that application of NIPT is
useful to confirm the association of CPM and IUGR in cases with
normal karyotype at amniocentesis but IUGR and/or calcified
placenta in late gestation.
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