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Tetrasomy 18p syndrome (Online Mendelian Inheritance inMan 614290) is a rare chromosomal disorder that is
seen in approximately 1 in every 180,000 live births. It is caused by the presence of isochromosome 18p, which is
a supernumerary marker composed of two copies of the short arms of chromosome 18. Isochromosome 18p is
one of themost commonly observed isochromosomes.We report tetrasomy18p syndrome diagnosed prenatally
after noninvasive prenatal testing (NIPT) was positive for trisomy 18. Tetrasomy 18pwas finally diagnosed by G-
banding and fluorescence in situ hybridization of chromosome 18p, before invasive confirmatory testing the kar-
yotype findings byNIPT showed an increase in the DNA fragments from chromosome 18p, indicating duplication
of chromosome 18p. NIPT can detect not only trisomy 13, 18, and 21, but also structural chromosomal anomalies,
such as deletions and duplications. An NIPT report “positive for trisomy 18” indicates the possibility of tetrasomy
18p, and detailed analysis of NIPT data can reveal subchromosomal copy number variations, to a certain extent,
before definitive diagnostic testing.
© 2020 The Authors. Published 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/).
1. Introduction

The utility and the clinical validity of cell-free fetal DNA screening for
trisomies arewell recognized all over theworld. In Japan, clinical studies
of screening for trisomy 13, 18, and 21 in high-risk pregnancies have
been performed, though these studies have mostly involved older
women. Moreover, sex-chromosome aneuploidies and genome-wide
copy number variations have not been examined in such studies [1].
Genome-wide screening for copy number variations using cell-free
DNA inmaternal plasma is technically possible [2], and some companies
are now offering genome-wide screening. However, the validity of
genome-wide screening from cell-free fetal DNA has not yet been
established.

In this case report,we describe a fetuswith suspected tetrasomy 18p
detected by noninvasive prenatal testing (1NIPT).
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2. Case

A healthy, 41-year old, gravida 1 woman became pregnant after a
single blastocyst transfer was made due to her husband with oligozoos-
permia. Her medical history was unremarkable. The woman’s younger
brother was known to have a ventricular septal defect. The woman
opted for NIPT at 12+6 weeks of gestation because of an elevated nu-
chal translucency thickness (about 4 mm) and her age. We explained
about the objectives and limitations of NIPT, and differences from inva-
sive testing at genetic counseling. Peripheral blood was collected, DNA
was extracted, and massive parallel sequencing [3,4] (MaterniT21
Plus) was performed using Illumina HiSeq 2000 (San Diego, United
States). The sequencing data were used to calculate the Z-scores for tri-
somies 21, 18, and 13, which represent robust assessments of normal-
ized chromosomal representation compared with the euploid genome.
NIPT produced a positive result for chromosome 18, which was consid-
ered to indicate a high possibility of trisomy 18. Amniocentesis was car-
ried out at 15+6 weeks of gestation. An ultrasound scan showed the
biparietal diameter to be within normal range and nomajor anomalies.
The result indicated 47,XY,+i(18)(p10)[20] (Fig. 1). Fluorescence in situ
hybridization of chromosome 18p with a telomeric probe produced 4
signals, sufficient for a diagnosis of tetrasomy 18p. The pregnancy was
terminated at 19+4 weeks on parental request.
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Fig. 1. G-banding chromosomal analysis indicated a karyotype with an extra free marker chromosome in all examined cells. Fluorescence in situ hybridization of chromosome 18p with a
telomeric probe showed 4 signals. The chromosomal analysis revealed 47,XY,+i(18)(p10)[20].
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After the karyotype was revealed, the detailed NIPT data were con-
firmed. The fetal fraction ratewas 12.76%. The Z-scores of chromosomes
13, 18, and 21 were 0.14792, 11.7663, and 0.07616, respectively. The Z-
scores were within the normal range for chromosomes 13 and 21, but
higher for chromosome 18 (Z-score > 3 is considered abnormal). The
karyotype findings by NIPT showed an increase in the DNA fragments
from chromosome 18p, indicating duplication of chromosome 18p
(Fig. 2).
3. Discussion

This case report demonstrates two important clinical issues. First, in
addition to trisomy 13, 18, and 21, NIPT can detect structural chromo-
somal anomalies, such as deletions and duplications. Second, an NIPT
report “positive for trisomy 18” does not rule out the possibility of
tetrasomy 18p and the detailed NIPT data can show subchromosomal
copy number variations, to a certain extent, before definitive diagnostic
testing.
Fig. 2. This ideogram was made by sequencing of cell-free DNA in maternal plas
Regarding thefirst issue, NIPT is not a confirmatory test but a screen-
ing test, and from the amount of cell- free DNA of chromosome 13,18,
and 21 NIPT can detect not only trisomies but also structural chromo-
somal anomalies and the probability of tetrasomy 18p. There are some
case reports of deletions and duplications of chromosome 18 detected
byNIPT (Table 1) [5–9]. In two cases, NIPT could not identify a fetus pos-
itive for chromosome 18 anomalies, but in the others it could identify
the possibility of chromosome aberrations. NIPT using genome-wide
massive parallel sequencing could screen for the possibility of deletions
and duplications of chromosome 18. Considering this, genetic counsel-
ing about deletions and duplications is necessary before NIPT.

Regarding the second issue, an NIPT report “positive for trisomy 18”
can indicate not only trisomy 18 but also the possibility of tetrasomy
18p, and the detailed NIPT data can show subchromosomal copy num-
ber variations to a certain extent, before definitive diagnostic testing.
Tetrasomy 18p has the usual number of copies of chromosome 18,
plus an isochromosome 18p. As a result, each cell has four copies of
the short arm of chromosome 18. The size of the gene involved in
tetrasomy 18p is 15 mega base pairs (Mb). The four copies of the
ma. The chromosome 18 ideogram shows duplication of chromosome 18p.

Image of Fig. 1
Image of Fig. 2


Table 1
Reports of deletions and duplications of chromosome 18 following noninvasive genetic testing (NIPT).

No. Age NIPT methodology Indications of NIPT Results of NIPT Gestational
weeks of
confirmatory
invasive test

Prenatal chromosomal test Deletions or
duplications

Reference

1 41 Genome-wide massive
parallel sequencing
(VeriSeq)

Increased risk (1:99)
after combined first
trimester screening test
for trisomy 21

Trisomy 18 NCV value
for trisomy 18 was 4.3
(>5SD)

16 weeks Amniocentesis/Microarray Tetrasomy 18p 5

2 35 NA Screening (despite of
low-risk results of the
combined test)

Trisomy 18 After birth
(16 months
old)

Not performed Tetrasomy 18p 6

3 20 Genome-wide massive
parallel sequencing
(Next-Seq CN500.
Illumina, USA)

Screening Deletion on
chromosome X. The
Z-score for
chromosome X was
−3.91.

20 weeks Amniocentesis/ Karyotype
analysis and sequencing
(Next-Seq CN500. Illumina,
USA)

Normal karyotype.
7.56 Mb deletions at
18p11.32-11.23

7

4 31 NA Increased nuchal
translucency

Low risk for trisomies
of 13, 18, 21

18 weeks Amniocentesis/Karyotype
analysis and SNPmicroarray
(Affymerix 750K)

6.9Mb deletions at
18p11.32-11.31 and
7.5 Mb deletions at
18p11.23-11.21

8

5 36 Genome-wide massive
parallel sequencing

Screening Duplications in 18p
The t-score for
chromosome 18 was
2.03.(T-score above
2.0 is high.)

16 weeks Amniocentesis/ aCGH 14Mb duplications at
18p11.32-11.21

9

this
case

41 Genome-wide massive
parallel sequencing

Increased nuchal
translucency

Trisomy 18
The Z-score for
chromosome 18 was
11.7.

15 weeks Amniocentesis/Karyotype
analysis and FISH

Tetrasomy 18p

Note: SNP single nucleotide polymorphism, aCGH array-based comparative genomic hybridization, FISH fluorescent in situ hybridization, NA not available.
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short arm of chromosome 18 represent an approximately 40% increase
in DNA compared with that in full trisomy 18 [10]. Some commercial
laboratories use cell-free DNA screening for genome-wide gains and
losses of 7 Mb or more, and so should be able to detect tetrasomy 18p.
Improving cell-free DNA screening technology will increase accuracy
in the near future.

While NIPT can be used to detect subchromosomal copy number
variations, the American College of Obstetricians and Gynecologists
does not recommend routine screening for genome-wide gains or losses
with cell-free DNA [11], partly because of patient anxiety (the limita-
tions and benefits of NIPT need to be discussed in genetic counseling),
incomplete validation of NIPT for detecting copy number variations,
clinical use, and cost-effectiveness. Although expanded cell-free DNA
screening has been introduced in some clinical practices, research into
positive predictive values (PPVs) and effective genetic counseling is
still needed.

NIPT is valid for screening for trisomy 13, 18 and 21with high sensi-
tivity. Miranda J. et al. reported that in fetuses with increased nuchal
translucency, NIPT would miss 12-19% of genetic anomalies [12]. NIPT
would miss some genetic abnormalities in fetuses that harbored sex-
chromosome aneuploidies, clinically relevant atypical chromosomal
anomalies (trisomy 22, trisomy 21 mosaicism, and unbalanced translo-
cation), and submicroscopic pathogenic variants. NIPT originally
targeted only 3 anomalies, namely trisomies 13, 18, and 21, and not
sex-chromosome aneuploidies. Further, when using trophoblast-
derived cell-free DNA for NIPT, false positive results could be obtained
because of placental mosaicism. Due to this limitation of target diseases
and placental mosaicism, invasive testing is important when NIPT pro-
duces positive results.

Tetrasomy 18p syndrome is seen in approximately 1 in every
180,000 live births. The clinical phenotypes of this disease include neo-
natal feeding problems, developmental delays (mild to severe), micro-
cephaly, abnormalities in muscle tone, dysmorphic features, and
variants in brain MRI [13]. In the case presented here, prenatal evalua-
tion by ultrasound showed an increased nuchal translucency at 12
weeks of gestation, while at 16 weeks of gestation there were no
abnormal findings. Tetrasomy 18p is difficult to detect or diagnose
from fetal ultrasound scans. Isochromosome 18p is one of the most
commonly observed isochromosomes. In the case presented here, a su-
pernumerary marker in G-banding was thought to originate from chro-
mosome 18 because of the NIPT result. Without the NIPT result,
determining the origin of the supernumerary marker would have
been more difficult.

Isochromosomes arise as a result of two independent events: non-
disjunction and centromeric misdivision. An alternative mechanism
for the formation of an isochromosome is a U-shaped exchange, which
would typically produce a dicentric isochromosome [14]. Isochromo-
somes tend to originate from the maternal side, and nondisjunction,
which occurs duringmaternalmeiosis, suggests that advancedmaternal
age is a contributing factor.

In conclusion, in addition to detecting trisomy 13, 18, and 21, NIPT
can be used to identify structural chromosomal anomalies. An NIPT re-
sult “positive for trisomy 18” does not exclude the possibility of
tetrasomy 18p, and detailed NIPT data can show subchromosomal
copy number variations and indicate the need for further testing.

Screening for genome-wide gains and losses with cell-free DNA is
not recommended, and further research is necessary to improve detec-
tion of smaller copy number variations.
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