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Abstract

Klinefelter syndrome (KS) or 47,XXY is the most common sex chromosome aneuploidy (SCA),

occurring at a prevalence of 1 in 600 male pregnancies. Historically, only 25% of individuals with KS

came to medical attention, for a range of issues across the life course including under-virilisation at

birth, developmental and social concerns in childhood, absence, delay or arrest of puberty in

adolescence or infertility in adulthood. Our understanding of the phenotypic spectrum of KS has

been largely influenced by this ascertainment bias. With increasing uptake of antenatal non-invasive

prenatal testing (NIPT) a corresponding increase in identification of KS has been documented.

Population-based longitudinal data from infancy to adulthood on these individuals is lacking, which

impedes balanced antenatal genetic counselling and raises issues for prospective parents and

clinicians alike.
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Key points
What is already known about this topic?

e Prior to the widespread availability of NIPT, only 25% of individuals with Klinefelter
Syndrome were detected on the basis of postnatal clinical features

e With increasing uptake of NIPT, increasing numbers of sex chromosome aneuploidy will be
detected in countries where sex chromosomes are included in this test

e Antenatal counselling for prospective parents after a presumptive or confirmed case of

Klinefelter Syndrome is challenging due to ascertainment bias of existing data
What does this study add?

e Anawareness of the limitations of current data is crucial to allow a balanced approach to
antenatal counselling

e Involvement of paediatric endocrinologists or paediatricians in the antenatal counselling
process will facilitate this balanced approach

e The role of peer support and advocacy networks in this process should be explored

e Highlights a need for high quality longitudinal data to report on pregnancy outcomes and

phenotypes of infants born with antenatally diagnosed SCA
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Introduction

Klinefelter Syndrome (KS) or 47,XXY is the most common sex chromosome aneuploidy (SCA),
occurring at a rate of approximately 1 in 500-600 male pregnancies (1, 2). These figures are derived
from published population data extracted from a Danish cytogenetic central registry(3) and from
similar United Kingdom registries (4). The clinical phenotype cannot be predicted on the basis of
chromosomal findings alone, with a broad range of health issues, only some resulting in
presentation for medical care. As a result, historically it is estimated that up to 75% remain
undetected throughout life(5, 6). Contemporary practice with a shift towards non-invasive prenatal
testing (NIPT) for chromosomal disorders has resulted in an increasing number of KS males being
identified antenatally (7, 8). Sex chromosome analysis is not included as part of NIPT screening in
many countries (9) for reasons including concerns around the potential for sex selection(10).
Professional bodies worldwide have cautioned against its routine use. A joint position paper
compiled by the European Society of Human Genetics and the American Society of Human Genetics
recommends against routine screening for SCA including KS with NIPT(11), and both the
International Society of Prenatal Diagnosis and the Royal Australian and New Zealand College of
Obstetricians and Gynaecologists recommend that SCA screening should be optional and only
performed with informed consent(12, 13). This consent should extend beyond a discussion around
the ability of NIPT to identify chromosomal sex of a foetus (14) and should include explicit
information about the possibility of identification of an SCA, including KS and the range of

phenotype associated with these conditions.

While many excellent and comprehensive reviews have outlined the genetic, clinical and
neurodevelopment aspects of KS in detail (15, 16), in this paper, we briefly discuss the range of
possible outcomes to be considered, identify and outline a comprehensive plan for counselling of
prospective parents, when a foetus has been either identified as being at risk of (on NIPT) or

confirmed as having KS, in order to address common questions.
What is Klinefelter Syndrome and how common is it? Epidemiology and risk factors

KS was initially described in 1942 as a condition commencing in adolescence ‘characterised by
gynaecomastia and a specific type of hypogonadism’ and was thought to relate almost entirely to
the function of Sertoli cells (17). A supernumerary X chromosome was subsequently identified as
the underlying explanation for KS in 1959 (18), with the additional X chromosome of maternal origin
in ~50% of cases (19). Overall, 90% of individuals are non-mosaic where all cells contain this
chromosomal configuration. The remaining 10% demonstrate mosaic or rare variants (2). KS occurs

as a random event and results from nondisjunction, which can occur in meiosis or during the early
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stages of post-zygotic development. An effect of increasing maternal age is weaker in KS compared
to other chromosomal disorders (20, 21). The clinical spectrum of KS is highly variable. Historically
timing of clinical presentation has varied across the life course, related to specific, age related
clinical disorders or problems (12). Absence of presentation for medical care is estimated at 68-75%
of all KS, with non-identification of cases, resulting in ascertainment bias in terms of the reported
frequency at which clinical features are observed (5). This bias has made accurate, complete and
balanced antenatal counselling challenging. There are limited but emerging data on clinical
outcomes in males who have remained undiagnosed for the majority of their lives as reported by
Zhao et al (6). What remains unclear the difference in severity of phenotype between those who had
and had not presented for medical attention prior to identification of KS as part of this biobank
initiative. Without systematic longitudinal data into adulthood, it is unknown whether any male with
KS can be considered truly ‘unaffected’, regardless of their level of contact with medical

professionals.

Attempts to explain the wide variation in phenotype have not to date provided clinicians with an
ability to ‘predict’ postnatal outcomes and complications on the basis of genetic testing. In a study of
70 KS, X chromosome inactivation (skew X) was found in 12/70 (26%) and CAG repeat length
heterozygosity for both short and long alleles in 46/70. Height, arm span, bone density
gynaecomastia and testis size correlated with these, while X inactivation correlated with lipid status
and response to testosterone (16, 22, 23). Additionally, DNA methylation profiling and RNA
sequence transcription and profiling showed transcription of both autosomes and X chromosomes in
the pseudoautosomal region (PAR) 1 and PAR2 regions to be altered in white cells in KS, with both
hyper and hypomethylation and epigenetic instability or changes which may alter transcription and
phenotypic traits. (12,24). Five to 15% of X chromosome genes escape inactivation in KS and are
expressed from both chromosomes (24, 25) which may also account for some of the phenotypic

variability in KS (26).

The increased rate of antenatal SCA diagnoses as a result of NIPT in some countries (7) presents an

opportunity to establish longitudinal follow up of a more complete cohort(27).
How is KS diagnosed prenatally?
Prenatal features

The majority of fetuses with KS do not present with any ultrasound abnormalities that prompt
diagnostic testing. Abnormalities detected on foetal ultrasound such as nuchal thickness, heart or

brain abnormality are likely to lead to further investigation with amniocentesis which in turn may
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lead to a diagnosis of KS(28), again with an ascertainment bias . Features such as undescended
testes or micropenis, although detected in a minority of foetuses with KS, are unlikely to imply KS
per se, and diagnosis is most frequently confirmed after a high risk NIPT result in countries where

SCA are tested (7, 29).
Will KS impact on the timing and mode of birth?

While the majority of KS cases are undetected before birth, an increased risk of preterm delivery,
Caesarean delivery, respiratory distress syndrome and infant mortality have been reported in small
cohorts of prenatally diagnosed KS (30). There is insufficient evidence to support recommendations

around changes to prenatal management of known KS fetuses.

Prenatal diagnosis

NIPT is considered a good screening test for SCA, where the positive predictive value for 47, XXX,
47,XXY and 47,XYY is up to 90%(31). However, abnormal results require definitive confirmation. This
should occur via prenatal diagnostic procedures (amniocentesis/chorionic villous sampling) in a
situation where interruption of pregnancy is being considered or by post-natal testing of the baby,
facilitating confirmation of the nature of the SCA and associated phenotype. This information should
be provided at the first point of contact following an increased risk NIPT. It has been demonstrated
that in some jurisdictions, invasive confirmatory testing only occurred in 36% of those identified at
high risk on NIPT(32), raising concerns that NIPT is not being utilized as intended within a screening
and diagnostic pathway. This low rate of diagnostic confirmation suggests that some children remain
undiagnosed or decisions regarding termination are being made based on screening results alone.
Genetic counselling plays a key role at all stages of the diagnostic pathway. Ideally, parents should
be made aware that SCA may be suspected if NIPT is performed , and of need for further testing to
confirm result if high risk is identified on NIPT. However this is not always the case. Hence the
potential diagnosis can be highly unexpected, confronting and anxiety-provoking. Genetic
counselling should be offered to all families following either a suspected or confirmed diagnosis of
KS, ideally at both timepoints, by a clinician familiar with the issues and complexities discussed
herein and should be provided in a timely manner by a multidisciplinary team which may include

obstetricians, genetic counsellors, paediatric endocrinologists and peer-support/advocacy teams.
Key counselling point

Genetic counselling by a clinician familiar with the issues and complexities of KS should be offered to

all families following a suspected prenatal diagnosis. After a confirmed diagnosis, timely access to a
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multidisciplinary team may include obstetricians, genetic counsellors, paediatric endocrinologists and

peer-support.
Post-natal issues in confirmed KS

Counselling of confirmed KS must include a comprehensive understanding of an expected range of
outcomes in KS. The wide variability in clinical presentation of KS has resulted in possible bias in the
ability to provide a balanced discussion of a range of short and long term outcomes, impeding the
ability of genetic counselling to provide a balanced view to prospective parents. In many cases,
antenatal counselling for KS occurs after a positive antenatal genetic test which has been
undertaken for another reason i.e. the pregnancy is asymptomatic and the result is unexpected. A
balanced discussion needs to focus on clinical problems that might present at different ages and
how they may affect a male with KS(29), acknowledging the fact that a majority of males who have
KS remain undiagnosed through the life course, where a complete understanding of their medical

and psychosocial is not fully understood.
Testosterone deficiency: Neonatal presentation and treatment

At birth, testosterone levels are typically high in male infants, falling over the first week of life (33).

Thereafter, a postnatal surge of pituitary hormones including gonadotrophins (Luteinizing Hormone
(LH), Follicular Stimulating Hormone (FSH)) results in ‘mini-puberty’ where testosterone levels peak
1-3 months and decline by 6 months (34, 35) after which testosterone levels are typically

undetectable until the onset of puberty.

A key feature of KS is the presence of hypergonadotropic hypogonadism, testosterone deficiency
and Sertoli cell deficiency, resulting in infertility. Given that micropenis and cryptorchidism (bilateral
undescended testes) may comprise part of the clinical spectrum of KS, although uncommon, it has
been postulated that all boys with KS have a degree of deficiency in testosterone production in
infancy. While the proportion of boys with KS who have cryptorchidism is quoted as 27-37% (15),
these data have an ascertainment bias, based on clinical studies conducted prior to the introduction
of NIPT and subsequent ascertainment of otherwise asymptomatic cases. Antenatal testosterone
levels have been shown to be normal in 47,XXY and 47,XYY compared to 46,XY infants at 16-20
weeks gestation (36). These reports regarding testosterone levels during mini-puberty in boys with
KS have varied (37), with interpretation confounded by variance in what constitutes timing of the
normal neonatal surge, making comparisons between studies difficult. In a retrospective review,
Spaziani et al found no hormonal signs of tubular or interstitial damage in 145 KS infants at <6

months (38) with testosterone levels higher than in controls, and Johannesen et al reported that
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testosterone levels in 47,XXY (n=27) males to be within male reference ranges (39). Conversely,
Lahlou 2004 reported that testosterone levels were lower in boys diagnosed with KS in the antenatal
period than in controls during infancy, from 1- 18 months (although more correctly these were at
the lower end of the normal limit and were taken at various timepoints) (40) and Bastida et al
reports evidence of testicular endocrine function impairment during childhood and puberty in 20

boys with KS in a retrospective chart review (41).

Associations between exogenous testosterone administration in infancy and developmental benefits
during childhood have been reported (42). It is suggested that consideration of this treatment
should be given to all infants with KS, based on an assumed testosterone deficiency. It should be
noted that this has not been tested in a randomised controlled setting and despite being included in
a recent report as recommended clinical care this approach has not been or endorsed in
existingclinical guidelines for (43). It is however an important clinical question to address as there is
increasing interest in this area among clinician, parent and advocacy groups(44). A small randomised
controlled trial of 20 infants with KS noted that when 3 testosterone injections were given 4 weeks
apart (age 6-15 weeks) adiposity was 15% less in treated infants and increases in growth velocity and
stretched penile length were also seen (45). The latter two effects would be expected in any infant in
whom exogenous testosterone is given (in the absence of a disorder of androgen action). It would
seem counter-intuitive to strive for supra-physiological levels of testosterone and a recent review on
this topic identified that further studies are required to clarify whether infants with KS present with
impaired testosterone production during mini-puberty (46). It is likely that there is a spectrum of

testosterone deficiency, which should be evaluated, assessed and managed on an individual basis.

Further work in this area is underway but need be considered in the context of a conflicting
movement within the Differences in Sexual Development (DSD) community and advocacy groups to
move away from the administration of testosterone under any circumstance to an individual who
has no capacity to provide consent. This is based on the premise that such treatment is a violation of
basic human rights. An enquiry into this very issue is ongoing in Australia at present by the

Australian Human Rights Commission(47).
Key counselling point

A review by a paediatric endocrinologist during the mini-puberty stage is recommended to assess the
clinical +/- biochemical profile of each infant. Testosterone replacement in infants is controversial.

Care should be individualised according to clinical need.

Il. Testosterone Deficiency: Puberty
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Puberty in males is driven by gonadotrophin (LH and FSH) release from the pituitary gland. The
action of LH on testicular Leydig cells triggers testosterone production in the testes and FSH acts to
increase Sertoli cell numbers and eventually sperm production. The majority of boys with KS will
enter puberty at a normal time, between ages 12- 14 years, and will progress normally without
testosterone supplementation(48) indicating adequate Leydig function during those early years.
Given that expansion of the Sertoli cell population with consequent spermatogenesis is the reason
for testicular enlargement during puberty, it follows that Sertoli cell dysfunction leads to a lack of
corresponding increase in testicular size through puberty. AlImost without exception, men with KS

have reduced testicular volumes compared to the general population(15).

Indications that puberty is not progressing adequately include reduced growth velocity,
development of gynaecomastia (breast tissue), and a lack of appropriate virilisation. Rising LH levels
without increasing testosterone over time can be monitored for, detected and managed once an
individual has access to regular endocrinology follow up during adolescence. From mid-puberty
onwards, FSH and LH levels rise to well above normal adolescent levels in most males with KS,
inhibin B becomes undetectable and testosterone frequently falls to low or low-normal levels(49).
Hence, many post-pubertal KS males display a varying degree of androgen deficiency. Consequently,
testosterone substitution therapy is widely used to prevent the symptoms and sequelae of

hypogonadism such as fatigue, low mood, central adiposity and reduced muscle mass.
Key counselling point

Testosterone replacement therapy during adolescence is standard treatment for prevention of the

sequalae of hypogonadatrophic hypogonadism in individuals with KS.
[1l. Fertility

Small testes and complete azoospermia (lack of sperm) are universal features of adult males with
KS(50).0nly a single case report outlines a natural conception with a man with KS (51) but it is
unknown if further cases exist in un-diagnosed KS cases. Although males with KS have traditionally
been described as infertile, evolving in-vitro fertilisation (IVF) techniques of intra-cytoplasmic sperm
injection (ICSI) and micro-testicular sperm extraction (micro-TESE) have been associated with
successful sperm retrieval in up to 75% of men(52, 53) with an increasing number of successful
pregnancies over time (54, 55) without risk of KS transmission to the foetus (55). Fertility in KS
should be discussed in the context of infertility rates in the general population which approximate

15% (56, 57).
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Although it is not fully understood how the additional X-chromosome impacts on sperm production,
progressive fibrosis and hyalinisation of seminiferous tubules (58) occurs from childhood (59). With
this in mind, consideration of fertility preservation in adolescence has been postulated. Controversy
surrounds recommendations for timing and method for possible sperm retrieval for storage in
adolescents. Spermatogenic cell lines have been retrieved (59) but attempted sperm retrieval in
adolescents with KS has been unsuccessful (61) with little evidence for utilization of this technique
and no clear guidelines on which to base clinical practice (60,61). There is evidence to support
consideration of sperm retrieval before the age of 30 years, but overall there is less evidence for
effective sperm retrieval during adolescence (60), and it could be argued that fertility preservation
should only be pursued in adulthood (61). In adolescence the testicular architecture is already
abnormal and the number of potential sperm which can be harvested is extremely small or absent at
that time(62). Freeze thaw cycle losses of up to 50% of stored sperm further lessen chance of
effective biopsy salvage (63). Furthermore, testicular biopsy during adolescence may have the effect
of damaging an already abnormal testis thereby reducing the chances of future success at a time
when fertility is actually desired. Given the relatively high success rate for sperm retrieval for adults
with KS, current evidence suggests that delaying invasive procedures is still to be recommended (53,
64). Discussion in late adolescence around potential options for sperm retrieval and consultation
with an endocrinologist or andrologist should be offered, to allow for planning for future fertility
preservation. However, it must be emphasised that even with evolving IVF techniques, the chances

that these procedures will result in successful pregnancy for males with KS are low(65).
Key counselling point.

Discussions on fertility preserving options should be introduced in late adolescence, depending on the

individual maturity and wishes of the young person.
IV. Neurodevelopment

Cognitive, language, and learning disabilities, attention and executive functioning difficulties,
internalizing and externalizing behavioural and mental health disorders, are described in many
children, adolescents and adults with KS, with marked variability in the presence and severity of
these features between individuals (66-69). Lack of population-based longitudinal data into
adulthood should moderate any commentary in this area, particularly as many men with KS are
identified only at the time of consultation regarding infertility, and have not formally been assessed
for adverse neurodevelopmental or psychologic difficulties. Cohort studies of 47,XXY indicate that
Qol and the personal impact of the diagnosis may be under-recognised (70) and emerging data

relating to males identified as having KS in adulthood suggests that compared to 46,XY males, KS
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males diagnosed in adulthood were less likely to have attained a university degree and more likely to

have lower intelligence scores and poor overall health(6).

The spectrum of concerns in antenatally diagnosed KS is under current investigation. Prospective
studies of children with KS diagnosed by newborn screening have identified speech-language delays
in up to 75%, motor skills delays in 50% (16) and autism spectrum disorder at a prevalence rate of 5-
11% in small cohort studies (71, 72) compared to <1% in the general population(73). Evidence that
early identification of other SCAs results in improved neurodevelopmental outcomes (74) indicates
that appropriate review and assessment throughout childhood will ensure that any evolving issues
are identified and managed proactively to optimise QOL, social skills and educational outcomes of

the child with KS.

As most males with KS remain undiagnosed throughout the life-course and many only come to the
attention of medical professionals during investigation for infertility, the full neurodevelopmental
spectrum of KS will only fully be realised once population-based longitudinal studies of males with

an antenatal diagnosis of KS are established.
Key counselling point.

KS is be associated with cognitive, language, and learning disabilities, attention and executive
functioning difficulties, as well as internalizing and externalizing behavioural and psychological
disorders. However, the rate of these neurodevelopmental outcomes may be over-reported due to

ascertainment bias. Early diagnosis and intervention may improve outcomes.

V. Other known associations

In addition to assessment, monitoring and management of the potential hormonal and
neurodevelopment issues as described above, increased risk for auto immune disorders has been
described(15). Reduced bone health in men with KS has been associated with inadequate
testosterone replacement and is reversible with appropriate treatment(75). Rare tumours of male
breast cancer risk is reported at 20-30 times that of the normal male, and mediastinal germ cell
tumours are seen at 1.5/1000 KS or 50 times the population risk(76, 77) . As suggested by data
described in a study of the UK Biobank population, males (aged 40-70 years) with KS are at 3-fold
risk of developing type 2 diabetes, 3.3-fold risk of thromboembolism and 4.4-fold increase in chronic
pulmonary disease compared to unaffected males (6). These reported risk increases suggest a need

for awareness , counselling and routine, intermittent surveillance in all KS. Lifelong medical follow up
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is required to facilitate early identification of dysglycemia, autoimmune) disease and bone health

issues(15).
Key counselling point

The focus of antenatal counselling with parents emphasises the role of appropriate screening and

early management of evolving issues as the key to improved clinical outcomes.
What options for postnatal therapy are available in KS?

Discussion is not recommended in routine clinical care around associations between exogenous
testosterone administration in infancy and developmental benefits during childhood(42) as this
treatment remains controversial (43). At present, early review and assessment by a paediatric
endocrinologist with individualised intervention on the basis of clinical need is recommended. It is
also advised that planning for proactive review and screening for evolving developmental concerns

and screening for known comorbidities should begin at the time of identification of SCA.

What are the recommendations for the timing and frequency of follow up and screening of

individuals with antenatally diagnosed KS during childhood?

Recommendations for screening and follow up of individuals with KS vary(43, 78). Given significant
variation in advice, we have also included our expert opinion and suggestions for comparison below,
Table 1. As clinical variability is broad, lifelong care of an individual with antenatally diagnosed KS
will likely involve input from a multidisciplinary team of genetic counsellors, paediatric
endocrinologists, urologists, general/behavioural paediatricians, andrologists and fertility specialists.
Outside of the medical system, school and peer supports are also of vital importance for both

parents and children
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Do individuals with KS experience gender diversity?

The majority of individuals with KS identify as male (79). Gender diversity is not a prominent feature
of the phenotype but KS has been reported in approximately 1% of transgender individuals(80)
where the population prevalence of gender dysphoria is thought to be in the order of 0.5-1.3%(81).
An underlying diagnosis of autism spectrum disorder in case reports of gender diversity may be

subject to ascertainment bias rather than the chromosomal complement per se (82, 83).
Future recurrence risk

The risk of recurrence of KS in future pregnancies is not increased after an index case.
Conclusion

With increasing uptake of NIPT worldwide, there will be a corresponding increase in the numbers of
referrals for genetic counselling following antenatally identified KS. Antenatal genetic counselling
following identification of either suspected (on NIPT) or confirmed KS presents unique challenges for
the clinician, often complicated by time pressure on parents to make decisions around continuation
of a pregnancy. A crucial first step that prospective parents are aware of the limitations of NIPT tests
performed, so that confirmatory testing may be expedited. A balance is required, between
describing known associations and risks of KS, whilst acknowledging variations related to paucity of
long term population data for this condition, with current information skewed or biased by
description of the 25% who have presented for medical care. Combined antenatal counselling with
genetic and paediatric endocrine input may be of benefit and provides a clinical perspective on this
complex and variable clinical spectrum. Emphasis should be placed on the value of early and regular
post-natal care to identify, treat and monitor any identified concerns so that interventions can be
implemented early. Referral to peer support groups can provide valuable insights into the adult lived

experience of KS.
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Table 1. Clinical recommendations for the management and screening of individuals identified with Klinefelter Syndrome

European Academy of Andrology
Guidelines(71)

Update on the clinical
perspective and care of the
child with 47,XXY (42)

Author suggested practice

development/function

puberty

e Recommend against testosterone
treatment in infants and pre-pubertal
boys with KS

starting at age 11 years

Antenatal Confirmatory diagnosis e  Prenatal diagnosis of KS should be e  Positive NIPT results must | e  Positive NIPT results must be confirmed
of in utero suspected KS confirmed postnatally be confirmed pre-or pre-or postnatally
postnatally
Antenatal counselling e Non-directive antenatal genetic e Not described e Non-directive counselling by genetic
counselling recommended counsellor and paediatric endocrinologist
Infancy Cryptorchidism e According to same treatment e Orchiopexy by age 1year | e According to same treatment guidelines
guidelines as children without KS as children without KS
Testicular o  Determination of LH and testosterone | e Testosterone e Assess genital development during mini-
development/function 2-3 months after birth in children supplementation if lack of puberty
with pre-natal diagnosis if neonatal surge or smaller | e  Consider assessment of testicular
testosterone is under consideration testicular/phallic size function (LH/FSH/testosterone/Inhibin B)
e Recommend against testosterone at between 2-4 months post term
supplementation except in cases of e Recommend against universal
micro-penis testosterone supplementation
Neurodevelopment e Not discussed e Specific e  Refer to a general
recommendations paediatrician/developmental specialist for
according to suspected assessment and monitoring of potential
issue issues from infancy
Childhood Testicular e  Biennial physical examination pre- e  Monitor for rise in LH/FSH | ¢  Biennial physical examination pre-puberty

e Recommend against testosterone
treatment in infants and pre-pubertal
boys with KS

Fertility preservation

e  Not during childhood

e Not during childhood

e Not during childhood

Development/behaviour

e  Suspected neurological or psychiatric
deficits should be assessed
e Recommend supports as needed

e Specific
recommendations
according to suspected
issue

e Asabove, all children with KS should have
regular assessment and monitoring of
neurodevelopment throughout childhood
with appropriate subspecialist referral
and support when required.
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Growth

Suggest measurement of height and
body proportions according to
centiles or standard deviation scores
Bone age in pre-pubertal children
with KS depending on individual
growth patterns

Monitor (evaluate if
small)

Serial measurement of height and weight
Investigation and management
individualised according to clinical need.

Vitamin D and calcium
status

Determination of vitamin D blood
levels and adequate vitamin D and
calcium supplementation

Biennial assessment of bone mineral
status during childhood in case of
vitamin D deficiency biennially in
patients with KS (DXA scan)

Not discussed

As per current guidelines for general
paediatric population

Adolescence

Testicular function

Assessment of Tanner stages,
pubertal development, measurement
of testosterone and gonadotropins,
signs and symptoms of
hypogonadism, prior to the predicted
start of puberty

Testosterone for delayed puberty
and/or signs and symptoms of
hypogonadism

We suggest against testosterone
therapy in compensated
hypergonadotropic hypogonadism

Monitor for rise in LH/FSH
starting at age 11 years,
begin testosterone
replacement when levels
rise

Topical gel to preserve
fertility

Individualised approach to management
depending on pubertal onset and
progression.

Emphasise requirement for post-pubertal
monitoring for evolving hypogonadism

Gynaecomastia

Not discussed

Anastrozole 1 mg qd (if >
Tanner 3 may need breast
reduction surgery

Assessed at clinical encounters in the
context of pubertal progression

Neurodevelopment

Recommend speech therapist control,
monitoring educational problems,
social training and psychological
support if needed

Specific
recommendations
according to suspected
issue

Recommend continuation of regular
specialist review and assessment

Bone health

Not discussed

Management as per that
of hypogonadism

Assess in the context of gonadal status,
personal and family history of bony
fragility and vitamin D status
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Autoimmune disorders

Suggest attention to possible .
autoimmune dysfunctions in
patients with KS

Monitor

Bi-annual screening for coeliac disease,
thyroid dysfunction and liver disease from
the age of 10 years

Germ cell tumours Not discussed e  Monitor LDH, AFP, and Bi-annual screening of AFP and HCG from
HCG the age of 8 years
e Serial examination
Breast carcinoma Advice relates to adulthood e Serial examination Serial examination and investigation if

warranted

Spermatogenesis/fertility
preservation

Information on fertility issues should .
be given to adolescent patients
Semen collection in adolescents
Cryopreservation if motile
spermatozoa are present
Consider a testicular biopsy for
testicular sperm extraction (TESE)
either

Sperm collection age 16—
20 years ideally

If testicular volume is > 10ml and inhibin
B levels during or after puberty suggest
spermatogenesis, offer semen analysis
and storage if sperm seen on centrifuged
sample

Advise adult men attend Andrology for
management at time of desired fertility

Cardiovascular risk

Advice relates to adulthood only .

Monitor

Emphasise healthy lifestyle habits in
keeping with the general population is
recommended

Additional testing/screening depending
on the BMI, family history and specific
clinical issues.
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