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The past decade produced important advances in molecular genetic techniques potentially supplanting the traditional cytogenetic
diagnosis of Turner syndrome (TS). Rapidly evolving genomic technology is used to screen 1st trimester pregnancies for sex
chromosomal anomalies including TS, and genomic approaches are suggested for the postnatal diagnosis of TS. Understanding the
interpretation and limitations of new molecular tests is essential for clinicians to provide effective counseling to parents or patients
impacted by these tests. Recent studies have advanced the concept that X chromosome genomic imprinting influences expression
of the Turner phenotype and contributes to gender differences in brain size and coronary disease. Progress in cardiovascular MRI
over the past decade has dramatically changed our view of the scope and criticality of congenital heart disease in TS. Cardiac MRI
is far more effective than transthoracic echocardiography in detecting aortic valve abnormalities, descending aortic aneurysm, and
partial anomalous pulmonary venous return; recent technical advances allow adequate imaging in girls as young as seven without
breath holding or sedation. Finally, important developments in the area of gynecological management of girls and young women
with TS are reviewed, including prognostic factors that predict spontaneous puberty and potential fertility and recent practice
guidelines aimed at reducing cardiovascular risk for oocyte donation pregnancies in TS.

1. Introduction

Clinical consensus defines Turner syndrome (TS) as a genetic
disorder due to “complete or partial” X chromosome mono-
somy, with short stature the most constant feature, and
variable expressivity of ovarian, cardiovascular, and renal
defects [1].The phrase “complete or partial” is used to include
several chromosomal etiologies leading to the syndrome.
The most common is pure X monosomy (45,X—formerly
designated 45X0). Some authors do not believe that complete
X monosomy is compatible with survival and postulate the
existence of a normal cell line that rescues the embryo
during early gestation [2]. This view suggests that most
if not all surviving apparently 45,X girls arose via loss of
the 2nd sex chromosome during early mitotic cell divisions
in preimplantation embryos [2]. This hypothetical scenario
seems unlikely for several reasons. Firstly, available research
on human gametes and embryos indicates that aneuploidy
and chromosomal fragmentation commonly occur during

meiosis, related to errors of homologous recombination [3, 4].
Moreover, if a sex chromosome is lost very early in embryo
development, at least half of cells would retain a normal or
trisomic sex chromosome complement, and it seems quite
unlikely that the healthy cell line would die out while the
abnormal 45,X cells take over during fetal development.

Early in the study of chromosomal disorders, it was
thought that monosomy per se would prevent normal cell
proliferation and differentiation [5]. However, in recent years,
it has been shown that mice with pure X monosomy survive
and develop normally [6] and that human 45,X cells prolif-
erate and differentiate into various cell types in vitro [7, 8].
Moreover, with progress in genotype-phenotype research in
humans and mice, it has become very clear that penetrance
and expressivity of specific gene deletions is highly dependent
on the individual genetic “background” and environmental
factors. Thus, it seems that X monosomy need not always be
lethal, and the survival and relatively healthy development
of some 45,X girls are more likely related to variation in
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Figure 1:Xp deletion in a patient with BAV and aortic coarctation.The breakpoint is at X p11.4 andChX 41,500,000 shown by array comparative
genomic hybridization (aCGH). The break interrupts the gene CASK between the eighth and ninth exons. In this type of array analysis,
genomic DNA from controls (reference sample) is labeled with one color dye, while gDNA from the test subject is labeled with a dye of
a different color. The labeled test and reference samples are mixed together, denatured, and allowed to hybridize to the microarray which
contains DNA probes. In this case we used high-resolution custom X chromosome tiling arrays containing 220,000 probes with average
280 bp spacing (Agilent Technology). Only theX chromosome short arm (Xp) is illustrated here, with pter at the extreme left and centromere
to the right. The presence of competitive hybridization from both reference and test samples is obvious up until ChX 41,500,000, where the
test signal completely disappears, indicating the Xp deletion at that locus. The figure is adapted from [11].

autosomal genes and/or maternal effects that compensate for
the sex chromosomehaploinsufficiency, as opposed to cryptic
rescue cell lines.

The term “partial X monosomy” includes two distinct
chromosomal etiologies for TS. About 15% of patients in
clinical series have mosaicism for 46,XX and/or 47,XXX
cell lines in addition to 45,X cell line. This chromosomal
constitution originates from sex chromosome loss during
mitotic divisions occurring during early development. These
girls typically have a milder Turner phenotype depending
on the relative abundance of cells with two or more X
chromosomes. The second type of “partial X monosomy”
refers to fragmentation or rearrangement of the 2nd sex
chromosome involving deletion of the short arm. This class
of chromosomal defect usually arises from errors in meiotic
recombination. The abnormal fragmentary sex chromosome
is frequently lost during mitotic cell divisions in the course
of postzygotic development, resulting in mosaicism for the
original cell with fragmentary sex chromosome and a pure
monosomic cell line, for example, 46,X,isoXq/45,X.This type
ofmosaicismdoes not ameliorate the phenotype since all cells
have monosomy for the X chromosome short arm (Xp).

Themajor phenotypic features of TS such as short stature,
congenital cardiovascular defects, and neurocognitive differ-
ences are linked to deletion of X or Y chromosome short
arms [9–11]. The short arm terminal regions of both X and Y
chromosomes encode homologous genes that enable meiotic
pairing and recombination between the sex chromosomes
[12]. Pseudoautosomal genes are expressed from both X
chromosomes in females and from theX andY chromosomes
in males. Haploinsufficiency for the pseudoautosomal gene
termed SHOX is responsible for the short stature and skeletal
anomalies characteristic of TS [13]. The genes related to
cardiovascular and cognitive effects also map to the sex
chromosome short arms [10, 11] but have not been identified.
We recently showed that the locus for congenital heart
defects in TS map telomeric to cytological band Xp11.4 and
ChrX:41,500 000 [11]. This breakpoint was established by
array-based comparative genomic hybridization (aCGH) as
shown in Figure 1. This genomic technology represented a
transition from classic cytogenetics through FISH to artificial
chromosomes immobilized on arrays as shown here.

The diagnosis of TS requires not just evidence of abnor-
mal sex chromosome complement, but also major clinical
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features, including short stature. Phenotypically normal adult
women undergoing investigation of infertility may be found
to have deletion of terminal portions of an Xq (long arm)
without other features of TS and they should not be classified
with TS.

2. Increasing Challenges of Prenatal Diagnosis

The interpretation of prenatal diagnoses of sex chromosome
anomalies is one of themost common and difficult challenges
encountered by practitioners responsible for advising the
parents. This issue is only getting more challenging as new
genomic testing strategies with unclear parameters of sen-
sitivity, specificity, and clinical significance seem to emerge
each year. The prognosis for girls with prenatally diagnosed
TS detected by standard cytogenetic analyses of fetal tissue
obtained by amniocentesis or chorion villous sampling is
strongly related to the circumstances of the testing. When
testing is prompted by an abnormal fetal ultrasound, the
finding of a nonmosaic 45,X fetal karyotype is strongly linked
with a clinically significant diagnosis of TS, and a high
risk of fetal demise [14]. In contrast, an incidental prenatal
cytogenetic diagnosis of TS accompanied by a normal fetal
ultrasound is often associated with a minimal postnatal
phenotype [15]. Postnatal outcomes for fetuses mosaic for
45,X and normal 46,XX or 46,XY cell lines do not correlate
with phenotypes of children ascertained on clinical grounds
[16]. Most mosaic 45,X/46,XY and 45X/46XX cases ascer-
tained by amniocentesis or chorionic sampling done because
of maternal age are born normally developed [15, 17, 18].
Moreover, in some cases, the postnatal karyotype may be
normal, mandating caution in judging the results of prenatal
cytogenetics.

Recent developments in genomic technology may soon
replace traditional cytogenetic analysis for prenatal genetic
diagnosis. A recent large, multicenter study of prenatal diag-
nosis testing compared chromosomal microarray analyses of
fetal tissues versus standard karyotyping [19]. The study used
both CGH arrays and the newer single nucleotide polymor-
phism (SNP) genotyping arrays. Both array types provide
higher resolution detection of submicroscopic deletions or
duplications (copy number variations, CNV) compared to
classic cytogenetic analysis. Both array types confirmed the
results obtained by standard karyotyping on nonmosaic
samples derived from amniocentesis or CVS, including con-
firmation of nonmosaic 45,X in nineteen samples [19].

The use of high-resolution microarray analysis on fetal
tissue samples raises many difficult questions for clinicians
and counselors, since the clinical significance of many of the
CNVs detected by arrays is quite uncertain. With specific
regard to TS, the arrays seem to consistently detect 45,X
cases, but have not been tested onmosaic aneuploidies which
represent ∼50% of TS gestations, so for now, a standard
karyotype is still required for the prenatal diagnosis of TS.

Even more challenging prospects for prenatal genetic
counseling lie ahead, as highly sensitive DNA sequencing
strategies are developed to detect genetic abnormalities in
small quantities of cell-free fetal DNA found in the maternal
blood stream as early as 10 weeks gestation. The type of

genetic testing is aimed primarily at detecting trisomies
21, 13, and 18, and Turner and Klinefelter syndromes. This
type of testing has never been correlated with fetal/postnatal
outcomes, and reproductive authorities currently advise that
these early tests constitute “screening” that requires further
investigation by amniocentesis or fetal ultrasound later in
pregnancy. However, it seems clear that the widespread
development and adoption of these new early screening tests
are motivated by the desire to facilitate “early reproduc-
tive decision making.” It is completely unknown at present
whether the very early pregnancy genetic screening of “cell-
free” fetal DNA shed from dead placental cells will have any
correlation with more established diagnostic results available
later in pregnancy or with postnatal outcomes. Thus, the
current enthusiasm for this unproven technology to “facilitate
early reproductive decision-making” is very concerning.

3. New Genomic Tests for Postnatal
Diagnosis of TS

For the past several decades, a chromosomal karyotype has
been the “gold standard” for the definitive diagnosis of Turner
syndrome [1, 20]. This test requires a fresh blood sample
from which mononuclear cells are extracted and induced to
proliferate for several days, after which a mitotic poison is
added to arrest cells in metaphase to facilitate chromosomal
identification under the light microscope. In some cases the
standard karyotype reveals small fragments of chromosomal
material known as marker or ring chromosomes that cannot
be identified as derived from X or Y chromosomes based
on morphology.These fragments require identification using
fluorescent in situ hybridization (FISH) with X and Y chro-
mosome specific probes.

Progress toward a new approach to genetic screening
for TS among infants and young girls was pioneered by
Rivkees et al. [21], using PCR and pyrosequencing for SNP
genotyping of 18 alleles on the X chromosome and one on
the Y chromosome. The conceptual basis for this approach
is that individuals with a single X chromosome lack diversity
for polymorphic X sequences. The method was designed to
be faster, less costly, and applicable to fresh blood or buccal
samples. The initial study was able to confirm cytogenetic
diagnoses of about 95% of girls with TS [21]. Since this
test is adapted for buccal swab analyses, the method could
be used for noninvasive screening of newborns, although
the diagnosis would have to be confirmed by standard
karyotyping until considerably more data and clinical follow-
up establish this methodology.The original study had a small
sample size and did not address more complex karyotypes
likely to challenge this method, for example, 45X/47XX or
derivative Y chromosomes lacking the single polymorphic
site used in their analysis.

Just a few years ago, array CGH was the first line
test for genetic diagnosis of developmental disorders, con-
genital anomalies, and for investigation of chromosomal
alterations in cancer—largely replacing the laborious and
relatively low resolution, traditional karyotype. Now, the
whole genome SNP genotyping array may surpass CGH
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arrays as diagnostic tool of choice, because the SNP arrays
also provide information on loss of heterozygosity (as in
monosomy X, uniparental isodisomy or tumor genomes).
Whole genome mapping SNP arrays are commercially avail-
able fromAffymetrix, Agilent, Illumina, and other molecular
technology companies.These arrays are widely available with
cost to patient not very different from the standard 20-cell
karyotype. We have compared results from Illumina and
Affymetrix whole genome SNP arrays on a group of NIH TS
patients that all had high resolution 50-cell karyotypes and
found near perfect agreement between the two array types
(our unpublished data) indicating that these high density
arrays are essentially interchangeable. The Illumina Omni-
Express chip used for our recent study [22] includes more
than 18,000 SNPs covering the X chromosome and 1409 for
the Y (compare to 18 and one, respectively, for the Rivkees
test). This dense coverage allows high resolution mapping of
X and Y chromosome deletions and provides novel haplotype
information illuminating meiotic versus mitotic origins of X
isochromosomes.

Figure 2 illustrates a SNP array analysis of an X chromo-
some from a TS subject showing monosomy for the short
arm and trisomy for the long arm, that is, an isoX chromo-
some. The chromosome segmental copy number is plotted
as the log𝑅 ratio, which shows single copy Xp sequences
from a pericentromeric breakpoint to Xpter. The beta allele
frequency indicates homozygosity of the Xp sequences, con-
firming Xpmonosomy.The log𝑅 ratio increases dramatically
from the site of the deletion through the entire length
of X chromosome long arm (Xq), indicating three copies,
consistent with an isoXq chromosome from Xp11. The beta
allele frequency plotting for Xq confirms presence of two
identical and one dissimilar long arm. This data is from one
of the NIH subjects participating in the GenTAC [22] study
who had a 50-cell karyotype confirming the array result.

While the extensive SNP array coverage of the whole
genome may seem excessive in providing more information
than needed to diagnose TS, they have the advantage of
being widely available with well-established analytical pro-
tocols. The array analyses are performed on fresh blood
or tissue samples and may soon be cost competitive with
traditional cytogenetic karyotype analysis, given the large
scale application of this technology. These arrays are able
to demonstrate X monosomy, X chromosome deletions, and
detect Y chromosome presence equivalent to conventional
metaphase karyotypes [22]. Limitations of the whole genome
arrays and Rivkees approach include

(i) inability to detect ring or marker chromosomes com-
posed of repetitive noncoding X or Y chromosome
sequences not represented by the SNPs,

(ii) inability to detect balanced translocations,

(iii) the possibility of not detect clinically significant
TS in cases of 45,X/47,XXX or 45X/46XX/47XXX
mosaicism,

(iv) the possibility of not detecting low level 45X cell line.

4. X Chromosome Genomic Imprinting

The parental origin of the single X chromosome may influ-
ence expression of aspects of the Turner phenotype that
typically demonstrate sexual dimorphism in the general
population [23], for example, brain size, risk for autistic
spectrum disorders, abdominal adiposity, and atheroscle-
rosis. Skuse et al. initially reported selectively impaired
social and verbal skills among Turner girls with a single
maternal X chromosome versus those with a paternal X,
suggesting that imprinting of X-linked genes contributes to
sex-based differences in communication skills and risk for
autism spectrum disorders [24]. Subsequent studies showed
that certain X chromosome genes are subject to imprinting
in murine brains [25, 26], consistent with a sex-steroid-
independent role for X chromosomal genomic imprinting
in brain development. A recent MRI study found that brain
volumes are greatest in prepubertal Turner girls monosomic
for a maternally-derived X chromosome (100% brain cell
Xm expression), intermediate in 46,XX girls (50% brain
Xm expression; 50% Xp expression), and smallest in girls
monosomic for a paternally-derived X chromosome (0% Xm
and 100% Xp expression), consistent with a positive effect of
maternal X chromosome dose on brain volume [27]. These
observations may help explain the generally larger brain
volumes in males, even after adjusting for differences in
somatic size, since males are obligate carriers of a maternal
X.

We reported several years ago that young women with
maternal Xmonosomy demonstratemale-pattern abdominal
adiposity which is associated with an atherogenic lipid profile
[28], which may contribute to greater risk for atherosclerosis
amongwomenwith Turner syndrome and among the general
male population. Over the subsequent years, we used coro-
nary artery calcium scans to quantitate development of coro-
nary atherosclerosis in these women as they aged. We have
recently shown that women in their 40s monosomic for a
maternal X (XM) had significant early calcium accumulation,
while women of the same age, matched for known coronary
risk factors, who were monosomic for a paternal X chromo-
some, had undetectable coronary calcium (MANUSCRIPT
UNDER REVIEW). Remarkably, recent studies have shown
that the XM group had abundant coronary calcium deposits,
similar tomenof the same age, and control 46,XM,XPwomen
had less calcium than men, but substantially more that the
Turner XP group, suggesting either a proatherosclerosis effect
of XM, or protective effect of XP (MANUSCRIPT UNDER
REVIEW). In addition, wemeasured aortic compliance in the
two groups and found that the XM group had significantly
impaired compliance and greater stiffness of the arterial wall,
consistent with atherosclerrotic vascular disease [29].

5. Cardiovascular Screening

Interestingly, aortic coarctation was a key feature in the
original study linking the Turner phenotype to X monosomy
[30]. Almost 10% of girls with TS present in infancy or
childhood with severe cardiovascular symptoms caused by
left heart hypoplasia, aortic stenosis, aortic coarctation, or
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Figure 2: X chromosome single-nucleotide polymorphism (SNP) array from a patient with TS. Beta allele frequency is shown in the top
panel. This analysis quantifies detection of polymorphic sites along the X chromosome. For example, homozygosity for a hypothetic SNP
allele (AA) is reported as zero, heterozygosity (Aa) is reported as 0.5, and homozygosity for the alternative allele (aa) is reported as 1. When
two parental chromosomes are present, the betal allele frequency averages 0.5. Log𝑅 ratios are shown on the lower panel.This measures copy
number variation for the chromosome segments represented on the array.When test subject value is equal to the reference control (1 : 1 ratio),
the log𝑅 (LRR) ratio is zero. Copy number loss shows a negative LRR, while copy number gain shows a positive LRR. The X chromosome
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at Xp11.22 to Xpter, indicating segmental monosomy for the X chromosome short arm from Xpter-Xp11.22. The abrupt increase of LRR to
0.26 and division of BAF into four tracks (1.00, 0.66, 0.34, and 0) indicate trisomy of Xp11-Xqter. The 50-cell standard karyotype revealed
46,X,isoXp11. This figure is adapted from [22].

more complex outflow tract defects [31]. About 5% of girls
presenting with aortic coarctation are found to have TS when
evaluated by karyotype analysis [32]. Thus, it seems appro-
priate that all girls presenting with one of these congenital
defects should be tested for TS. Most girls with TS, however,
are diagnosed due to short stature and/or delayed puberty
at age 10–12 years, without clinical signs or symptoms of
congenital heart disease.

Transthoracic echocardiography has been the standard
approach to screening for and evaluation of congenital
cardiovascular disease for decades, but this methodology has
significant limitations in detecting cardiovascular anomalies
in TS. For example, several large scale screening studies of
girls with TS using echocardiography around the turn of the
century reported prevalence of BAV of ∼14% [33–35]. More
recent cardiac imaging studies using cardiovascular MRI
(CMR), however, consistently find BAV prevalence greater
than 30% [36–38]. The most recent study examined 208
patients with karyotype proven TS with a specific focus on
aortic valve anatomy, using both echocardiography and CMR
[36]. These cardiac echoes were performed in an academic
center with a dedicated research focus on cardiac anomalies
and senior staff with extensive experience with TS [37].
Nevertheless, the cardiac echo was inaccurate or inadequate
in almost 25% of study subjects [36]. Likewise, the prevalence
of partial anomalous pulmonary venous return is estimated
at 1–5% by the above referenced echo studies, while CMR
reveals a prevalence of 16% [38, 39].

One might ask why it is so important to detect asymp-
tomatic cardiovascular anomalies in TS. One important
reason is that the aortic valve malformation in TS is linked to
aortopathy independent of the degree of valve malfunction,
so even a very mild valve defect such as partial leaflet
fusion is associated with aortic dilation and we fear risk for
development of complications including aortic aneurysm or
dissection. Unfortunately, there are many cases where the 1st
clinical presentation of aortic valve disease in young women
with TS was aortic dissection or aneurysm (see below).Thus,
knowing that there is an abnormal valve alerts the clinician
to enroll the girl in a life-long program of cardiological
surveillance, to provide advice on potential risks of extreme
sports and pregnancy [40] and educate the parents and older
child on signs and symptoms of aortic dissection. Another
important reason to have a very clear picture of the cardiac
phenotype is to facilitate the identification of the gene(s)
involved in the trait.

CMR studies in TS have revealed a series of aortic arch
anomalies common in TS that appear to signify the presence
of aortopathy and risk for dissection, regardless of aortic valve
status. One very common anatomic finding is an apparent
elongation of the transverse arch, associated with a kink
in the lesser curvature at the site of ductus insertion near
the origin of the left subclavian artery [39]. In some cases
there is a typical coarctation shelf in the aorta at that site,
and frequently a ballooning of the descending aorta or of
the subclavian artery associated with this kink, despite no



6 Advances in Endocrinology

LSCa.

AAo

R
s

Figure 3: 3D reconstruction of cardiothoracic imaging in an
asymptomatic young woman with TS. She had been “followed” with
cardiac ultrasound in the years preceding admission to the NIH TS
protocol. The cardiothoracic surgeons reviewed her imaging and
recommended surgery on a semiurgent basis (she was considered
a “walking time bomb”). She had a BAV, ascending aortic (Aao)
aneurysm of 4.5 cm and descending aortic aneurysm of 6 cm
involving the origin of the left subclavian artery (LSCa). Image
courtesy of Marcus Chen, NHLBI.

evidence of actual stenosis or restriction of blood flow in the
area. A significant number of aortic dissections in TS involve
the descending aorta [41, 42], and we think they originate
related to this anomaly.

A case illustrating these issues is presented in Figure 3.
This image shows prominent aneurysms of the ascending and
descending aorta both of which needed surgical correction.
This young woman in her early 20s had been diagnosed with
TS at age 12; her initial screening cardiac echowas reported as
“normal.” Her cardiologist repeated echocardiography at 2–5
year intervals. During her teens the patient was told she had
a mild coarctation that was hemodynamically insignificant
and did not need treatment. However, screening CMR at
the NIH showed aneurysms (4.5 maximum diameter for
the ascending and 6 cm for the descending aorta) that were
deemed critical putting her at risk for dissection or rupture.
She underwent semiurgent surgical repair at the NIH. CMR
also revealed a BAV with moderate aortic regurgitation that
was not detected by echocardiography. It seems quite likely that
she had the characteristic deformity at the typical coarctation
site that evolved over time into the huge aneurysm, apparently
unrelated to flow restriction or hypertension.

The case study reenforces our recommendation that CMR
be a first line screening tool for evaluation of newly diag-
nosed patients. This imaging provides excellent visualization

of cardiovascular anatomy and function, with dimensions
of ascending, transverse, and descending aorta easily and
reproducibly measured in any desired imaging plane [43].
Technical advances in recent years allow the examination to
take place relatively quickly, without need for breath-hold or
sedation in girls as young as seven.

6. Pubertal Development
and Reproductive Options

Although most individuals with TS have primary ovarian
failure and resulting infertility, 15–30% will demonstrate
spontaneous puberty [44] and 2–10% will have one or
more natural pregnancies [44–47]. The question of potential
fertility is of high importance to many girls with TS and their
families and clinical investigators have pursued this issue over
the past 10 years [48]. An important recent study employing
ovarian biopsy has shown that a karyotype including 46,XX
and/or 47,XXX cell lines is the most significant positive
predictive factor for the presence of ovarian follicles, while
karyotypes indicating nonmosaic 45,X or structural defects
of one X chromosome were significant negative correlates
for the presence of follicles [49]. Clinical factors such as
normal FSH andAMH levels and spontaneous thelarchewere
also significant positive predictors of the presence of ovarian
follicles and potential fertility, although less significant than
karyotype [49]. It is essential to evaluate potential fertility
in girls with TS to provide appropriate counseling, sex
education, and use of contraception.

Spontaneous pregnancy is most common among Turner
women with mosaicism for 46,XX (or 47,XXX) cell lines.
However there are well documented reports of spontaneous
pregnancies in apparently nonmosaic 45,X women with
no evidence of mosaicism despite intensive investigation
[47, 50, 51]. Additional evidence that some women retain
ovarian function and fertility despite pure X monosomy is
provided by three well-studied cases of sustained fertility in
women whose second sex chromosome was a fragmentary
Y chromosome [52–54], making the cryptic existence of
46,XX cell line extremely unlikely. Historical case series
suggested a high frequency of fetalmortality ormalformation
in spontaneous pregnancies among women with Turner
syndrome [55]. However, this has not been observed in more
recent, population-based studies [47, 56] nor in women with
X monosomy [47, 57]. Additionally, a recent population-
based Swedish study investigating maternal age in nearly 500
births of girls with TS reports that age greater than 40 was a
significant risk factor [58].

Since 1990, increasing numbers of women with TS have
sought to become pregnant through assisted reproduction,
using donor oocytes and in vitro fertilization. However,
recent case series from the U.S. and France [40, 59] indi-
cated a risk of approximately 2% for fatal aortic dissection
during or immediately after oocyte donation pregnancies in
womenwithTS. Based on these reports, professional societies
from both nations issued practice guidelines designed to
reduce this risk [60, 61]. The guidelines emphasize the need
to extensively and thoroughly screen prospective mothers,
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especially the cardiovascular system and exclude women
with congenital defects such as BAV, coarctation, or aortic
dilation. Importantly, the French have made it abundantly
clear that conventional cardiac evaluation, in the “provinces”
so to speak, relying upon routine echocardiography, is totally
inadequate. Thus, evaluation by experts in adult congenital
heart disease with use of modern imaging such as MRI or
CT is essential to identify women at high risk. In addition,
the guidelines mandate only single embryo transfer, followed
by close surveillance by cardiology and high risk pregnancy
specialists during the pregnancy. While special attention to
medically assisted pregnancies is clearly mandated, spon-
taneous pregnancies in women with TS also need close
medical surveillance, since fertilitymay occur in womenwith
significant cardiovascular defects [47, 53], although only one
case of (nonfatal) aortic dissection occurring in a natural
pregnancy has been reported [53].

7. Summary/Conclusions

(i) Rapidly evolving advances in genomic technology
provide vast quantities of data but little information
on the data’s clinical significance.

(ii) Widespread use of genetic testing on cell free fetal
DNA in 1st trimester gestations poses major chal-
lenges to genetic counselors and clinicians involved
in advising prospective parents since there is no infor-
mation on their prognostic value for fetal outcomes.

(iii) Chromosome array tests applied to amniotic or chori-
onic fetal samples appear to provide genetic informa-
tion comparable to traditional cytogenetic analysis.

(iv) Postnatal diagnosis of TS utilizing newer genetic
screening tests requires further validation, with the
20–30 cell karyotype remaining the gold standard.

(v) Brain size is larger and coronary atherosclerosis is
significantly advanced in groups of Turner subjects
monosomic for a maternal X chromosome compared
to those with a single paternal X, implicating X
chromosome genomic imprinting in these traits.

(vi) Cardiac magnetic resonance imaging is significantly
superior to routine echocardiography for screening
patients seven year and older.

(vii) Aneurysms and dissections occur at sites of minor
anatomic anomalies without apparent hemodynamic
compromise in young women with TS.

(viii) The likelihood of spontaneous puberty and potential
fertility is predicted by a karyotype including 46XX
and/or 47XXX cell lines and normal FSH and AMH
levels.

(ix) Medically assisted pregnancies with donor oocytes
should only be attempted in women free from under-
lying cardiovascular after comprehensive evaluation
with CMR, transferring just one embryo, and accom-
panied by close medical follow-up during pregnancy.

8. Future Directions

It is of great importance to further investigate the clinical
significance of apparent genetic anomalies detected by new
prenatal screening tests.

Further studies are needed to establish whether new
array-based genomic testsmay adequately substitute for stan-
dard cytogenetic methods in diagnosis of sex chromosome
disorders.

Longitudinal follow-up using CMR is needed to deter-
mine whether minor anatomic anomalies of the aortic valve
and arch are associated with development of aortic aneu-
rysms in TS and perhaps in other populations.

It is important to establish and monitor pregnancy reg-
istries to determine if, in fact, pregnancy may be safe in
women without cardiovascular defects.
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