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Purpose of review

The review presents a clinical algorithm for the evaluation and treatment for adolescents with Klinefelter’s
syndrome who desire fertility preservation.

Recent findings

Sperm is present in the ejaculate in around 8% of men with Klinefelter’s syndrome. Although most are
severely oligospermic/azoospermic, 43–45% of men will have sperm found during a testicular sperm
extraction, reaching up to 70% in adolescents.

Summary

Klinefelter’s syndrome (47, XXY) causes hypogonadotophic hypogonadism and severe oligospermia/
azoospermia rendering natural conception rare. During puberty, boys often require testosterone
replacement therapy to develop secondary sexual characteristics, which can further decrease
spermatogenesis. There is a progressive decrease of testicular germ cells after the onset of puberty,
suggesting that fertility evaluation and preservation should begin shortly thereafter. In adolescents desiring
fertility evaluation, any testosterone therapy should be discontinued, hormones and gonadotrophins
measured, and a semen analysis obtained. Adolescents with low testosterone are administered aromatase
inhibitors, selective estrogen receptors modulators and/or human chorionic gonadotropin to increase
endogenous testosterone production. After testosterone levels are normalized, semen analysis is performed,
and cryopreservation encouraged if sperm is present. For those without sperm in the ejaculate, a testicular
sperm extraction is offered.
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INTRODUCTION

Klinefelter’s syndrome is a relatively uncommon
genetic disorder of sex chromosomes affecting
nearly 1 in 500–600 newborn males [1]. Diagnosis
is made by karyotype analysis revealing an extra X
chromosome (47, XXY). The classic phenotype of
Klinefelter’s syndrome is tall stature, gynecomastia,
and small testes; however, in clinical practice, many
men go undiagnosed because of heterogeneous and
mild physical symptoms [2]. Unfortunately, 95–
99% of men with Klinefelter’s syndrome are infertile
because of poor sperm production associated with
germ cell loss and hyalinization of seminiferous
tubules. Prior to the introduction of intracytoplas-
mic sperm injection (ICSI) in 1993, Klinefelter’s
syndrome was considered an untreatable cause
of infertility. If sperm is not recoverable in the
ejaculate of Klinefelter’s syndrome men, testicular
sperm can be successfully obtained in 43% [3] of
attempts by conventional testicular sperm extrac-
tion (c-TESE) or 45% [3] by microscopic testicular
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sperm extraction (m-TESE) for ICSI, as there are
often isolated foci of spermatogenesis within the
testis. Live births from TESE-ICSI are as high as
50% for men with Klinefelter’s syndrome [4]. There-
fore, it appears that up to 25% of men with Kline-
felter’s syndrome can obtain paternity.

Owing to the often-profound hypogonadism in
Klinefelter’s syndrome, pediatric endocrinologists
commonly initiate testosterone replacement ther-
apy (TRT) at the start of puberty when the follicle-
ealth, Inc. All rights reserved.
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KEY POINTS

� Most men with Klinefelter’s syndrome (47, XXY) are
severely oligospermic or azoospermic and natural
conception is rare.

� Owing to profound hypogonadism, testosterone
replacement therapy may be needed to improve the
timing of puberty or establish secondary sexual
characteristics; however, negative feedback of
testosterone on the hypothalamic–pituitary axis can
further decrease spermatogenesis.

� Decreasing populations of germ cells are observed
shortly after the onset of puberty, suggesting that
adolescence may be the optimal time to consider
fertility preservation, although current literature
demonstrates similar or better sperm retrieval rates
in adults.

� For adolescents seeking fertility evaluation, we
discontinue any testosterone replacement therapy,
evaluate testosterone and gonadotrophin levels and
administer aromatase inhibitors, selective estrogen
receptor modulators and/or hCG to increase
endogenous testosterone if needed.

� At the initial evaluation and/or after optimization of
testosterone levels we obtain a semen analysis and
cryopreserve sperm if present and recommend a
testicular sperm extraction if sperm is absent at the
time of desired fertility.
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stimulating hormone (FSH) and luteinizing hor-
mone begin to rise. TRT helps develop masculine
sexual characteristics and increase bone mineral
density [5]. Once started, TRT is lifelong to prevent
osteoporosis, metabolic syndrome, obesity, and dia-
betes [5]. Unfortunately, a side-effect of TRT is infer-
tility from suppression of luteinizing hormone,
FSH, and intratesticular testosterone. As boys with
Klinefelter’s syndrome are already infertile, this sec-
ond potential insult from exogenous testosterone
therapy led many authors to pursue fertility preser-
vation prior to initiation of TRT.

The big question for adolescents with Klinefel-
ter’s syndrome is when to pursue fertility preserva-
tion. Authors pose concerns of decreased sperm
number and quality as boys with Klinefelter’s syn-
drome complete puberty and advance into adult-
hood [4]. It is postulated that puberty, and the rise
in luteinizing hormone and FSH, may lead to pro-
gressive decline of germ cells and testicular function;
however, germ cell loss may already begin to decline
in childhood [6

&

]. Testis volume in Klinefelter’s syn-
drome boys will increase to an average of 6 cc in
childhood with a subsequent degeneration and
atrophy to an average adult size of 2–4 cc [7,8].
 Copyright © 2020 Wolters Kluwe
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Compounding the problem, treatment with testos-
terone may decrease the success of future sperm
retrieval [9]. Success rates for TESE in adolescent
and young adults with Klinefelter’s syndrome ranges
from 0 to 70%, with most authors unable to identify
sperm in boys 10–16 years old [10]. Therefore, some
experts believe there is window for optimal fertility
preservation between the ages of 16–18 and advocate
for TESE at this time. Others feel that early m-TESE is
too aggressive as adult m-TESE success on average
50%, and patients become profoundly hypogonadal
in the recovery [11

&&

]. Additionally, adolescents are
not of the age of consent and parents are making
the treatment decisions. Klinefelter’s syndrome
patients may ultimately decide later in life that they
do not have an interest in fathering children. There-
fore, determining fertility preservation, initiation of
testosterone replacement, and when to considerTESE
in Klinefelter’s syndrome adolescents presents a
challenge.

In this review, we will discuss contemporary
management of adolescents with Klinefelter’s syn-
drome, with a specific focus on fertility preservation
and management of hypogonadism. As urologists
often see these children after evaluation by an endo-
crinologist, we simplify our treatment strategy by
creating case scenarios and present a treatment algo-
rithm (Fig. 1).
NO PRIOR HORMONAL THERAPY

Boys with Klinefelter’s syndrome have normal for age
levels of testosterone. It is not until puberty and the
subsequent rise in luteinizing hormone and FSH, that
hypogonadism is noticed. A typical scenario in our
clinic is adolescents with Klinefelter’s syndrome pre-
senting without ever initiating testosterone replace-
ment, generally between the ages of 14–18. We begin
our workup by obtaining baseline testosterone, lutei-
nizing hormone, FSH and estrogen levels. If the
patient is able to ejaculate, we obtain a semen analysis.
Despite almost uniform infertility, systematic litera-
ture review indicates that about 8% will have sperm in
the ejaculate [10]. If the patient is not able to ejaculate
and has not reached tanner 5, we repeat yearly semen
analysis. If sperm is found, we offer cryopreservation.
If sperm is not found we may offer TESE. As the child
ages through puberty, the need for hormone replace-
ment will be continuously evaluated.
NORMAL TESTOSTERONE, NO PRIOR
TESTOSTERONE REPLACEMENT

Boys with normal testosterone levels (testosterone>
300) generally will not require testosterone supple-
mentation to advance through puberty. We will
r Health, Inc. All rights reserved.
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FIGURE 1. Evaluation and treatment algorithm for fertility preservation in adolescents with Klinefelter’s syndrome. FSH, Follicle
stimulating hormone; SERM, selective estrogen receptor modulator; TESE, testicular sperm extraction; TRT, testosterone
replacement therapy. Adapted permission from [12].
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evaluate semen analysis for sperm and offer cryo-
preservation if present. If the semen analysis does
not show sperm, as testosterone replacement is not
planned, we do not usually advocate for adolescents
to undergo TESE in this scenario. Successful sperm
retrievals in adult males with Klinefelter’s syndrome
are successful approximately 86% of the time in
those not requiring medical optimization to
increase serum testosterone [9]. Therefore, adoles-
cents with normal testosterone level through
puberty may postpone TESE until adulthood when
they are ready to have children.
LOW TESTOSTERONE, NO PRIOR
TESTOSTERONE REPLACEMENT

We often see boys who are referred for fertility pres-
ervation prior to initiation of TRT by their endocri-
nologist. As always, evaluation begins with baseline
hormonal levels. If the patient is able to ejaculate, we
obtain a semen analysis to evaluate for sperm. If
present, we offer cryopreservation, and initiation of
TRT. If absent, we repeat semen analysis yearly until
tanner 5 or predicted onset of puberty. At this time,
we recommend hormonal optimization with an aro-
matase inhibitor such as anastrozole if the testoster-
one:estrogen ratio is less than 10, or a selective
estrogen receptor modulator (SERM) such as clomi-
phene citrate if luteinizing hormone and FSH are low.
Anastrozole decreases serum estradiol levels by
 Copyright © 2020 Wolters Kluwer H
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preventing the conversion of testosterone to estro-
gen. As a result, there is decreased negative feedback
to the hypothalamus and a subsequent increase in
FSH and luteinizing hormone. Therefore, treatment
with anastrozole can increase endogenous produc-
tion of testosterone and increase intratesticular tes-
tosterone which may benefit sperm production. After
one month, we recheck the hormones. If testosterone
remains below 250 ng/dl, we may add hCG 1500 IU
twice weekly and increase dosage if there is no
response. In men whose testosterone level rose above
250 ng/dl, subsequent mTESE found sperm 75% of
the time [9]. In those that remained less than 250 mg/
dl, sperm was found 55% [9]. Other strategies have
been proposed regarding androgen replacement at
this time. Mehta et al. [13] propose starting TRT with
topical gel for serum testosterone less than 350 ng/dl
with simultaneous initiation of anastrozole 1 mg
daily for 6–24 months. If sperm is not found in the
ejaculate, we will offer a TESE. If the patient currently
does not currently desire paternity or cryopreserva-
tion and TESE is deferred, we will discuss with their
endocrinologist about initiating TRT or continuing
their current hormonal therapy.
LOW TESTOSTERONE WITH PREVIOUS
TESTOSTERONE INITIATION

We often see boys who present for fertility preserva-
tion after initiation of TRT for puberty. These
ealth, Inc. All rights reserved.
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patients can present a particular challenge. Evalua-
tion begins with hormones and a semen analysis if
possible. As always, if sperm is present, we offer
cryopreservation. If luteinizing hormone and FSH
are undetectable, we discontinue TRT. After an
appropriate washout period, we recheck hormones.
In the rare event that luteinizing hormone and FSH
are within normal range, we will keep the patient off
testosterone and check semen analysis for possible
cryopreservation or offer TESE. If after washout of
exogenous testosterone, if testosterone is low, FSH
and luteinizing hormone are elevated or the testos-
terone:estrogen ratio is less than 10:1, we begin
hormone optimization with an aromatase inhibitor
or SERM similarly to TRT naı̈ve patients (see above).
We will then recheck hormones to monitor for
response within a month. With appropriate
response, we check semen analysis in three months
for sperm, and offer TESE if desired. Once the fertil-
ity concern is managed, we begin TRT.
FUTURE TREATMENT OPTIONS

Unfortunately, not all attempts at obtaining sperm
are successful. Prior to ICSI, Klinefelter’s syndrome
was considered an untreatable form of infertility.
For Klinefelter’s syndrome patients where sperm is
not identified on TESE, future paternity may still be
possible. Recently, spermatogonial stem cell auto-
transplantation led to successful spermatogenesis in
macaques rendered infertile after alkylating chemo-
therapy [14]. In-vitro spermatogenesis using human
spermatogonia has not been performed successfully
in humans but has been successful in nonhuman
primates [15]. As the science of fertility preservation
evolves, more options will be available to Klinefel-
ter’s syndrome patients who do not have mature
sperm at the time of fertility preservation.
CONCLUSION

Naturally conceived children have been reported for
men with Klinefelter’s syndrome; however, this is
exceedingly rare [16]. In the era of mTESE, ICI
and cryopreservation, Klinefelter’s syndrome is no
longer an absolute contraindication to paternity.
We feel that cryopreservation in Klinefelter’s
syndrome adolescents is possible and TESE can
be attempted after hormonal optimization and
 Copyright © 2020 Wolters Kluwe
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extensive counseling. We presented a simple algo-
rithm to assist reproductive specialists in patient
management.
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