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Abstract
It is currently unclear whether an adolescent with 47,XXY Klinefelter syndrome
will be better off having testicular sperm extraction (TESE) performed in an
effort to ‘preserve fertility’ for the future or, alternatively, should be advised to
simply wait until adulthood when he and his partner are ready to begin a family.
This report will provide data suggesting that there is no obvious ‘preservation’
benefit and that recommending TESE to the 47,XXY boy and his parents may
not be as helpful as it might appear and may be overly aggressive.
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Introduction
Klinefelter syndrome (KS) (47,XXY) is the most common 
chromosomal disorder in men, affecting one in 600 newborn 
males, and is etiologic in up to 11% of non-obstructive azoosper-
mic (NOA) males1. When testicular sperm extraction (TESE) 
became a standard technique for the discovery and retrieval of 
sperm in the NOA patient, it was subsequently successfully applied 
to KS adults, who had previously been considered sterile. Pub-
lished reports from many different centers describe rates of sperm 
retrieval in these 47,XXY adults to be approximately 50–70%, 
along with excellent pregnancy rates and healthy 46,XY or 46,XX 
offspring, as recently reviewed by Majzoub et al.2.

For a variety of reasons, KS may occasionally be diagnosed 
prenatally, in infants, in young boys, or in adolescent males3–7. 
Based upon the knowledge that not all adult KS males will have 
spermatozoa harvested upon TESE, several clinical investigators 
have pursued a course of action to determine if TESE should be 
offered and applied to the 47,XXY adolescent in order to “pre-
serve fertility potential”8,9. This submission will address this vexing 
question from many different angles and try to answer whether 
this is an overly aggressive approach with more harm than benefit 
or if this is an appropriate strategy with more benefit than harm.

The underlying tenets for recommending TESE in adolescent 
KS males is that fertility potential and the presence of testicular 
spermatozoa are maximal at puberty or just after, and that both 
are precipitously and irrevocably lost over the next several years. 
Is that actually true or has fiction become belief that has become 
fact that has become dogma? Additionally, some feel that testo-
sterone levels plummet after puberty and require replacement, 
and TESE should be carried out prior to that. However, in 1985, 
Saltenblatt concluded that testosterone levels settle at low-normal 
values for most with KS after puberty and remain at those levels 
into adulthood10. More recently, Aksglaede et al. reviewed 166 non-
mosaic KS boys and demonstrated that there is no rapid, inexo-
rable decline in their serum testosterone values (which were also 
low-normal in most subjects but high-normal in some) spanning 
early adolescence to adulthood11.

Why is there spermatogonial cell apoptosis at puberty? 
Is it helpful to preserve these cells?
At conception, the nascent embryo is 47,XXY and all cells, 
including those destined to become gonocytes and eventually 
spermatogonial stem cells, will have this same chromosomal con-
stitution. As the spermatogonial stem cell precursors and stem 
cells themselves migrate to the gonadal ridge from the yolk sac, 
they expand mitotically in number and begin the slow process of 
differentiation12–14. Even after invading and populating the emer-
gent seminiferous tubules, numerical increase continues until 
birth. With the onset of the mini-puberty (neonatal surge of 
gonadotropins) during the first few months of life, proliferation 
and differentiation (of some) to type A dark (Ad) spermatogonia 
commences and, when this temporally limited hypothalamic- 
pituitary stimulation stops, the spermatogonia become quiescent 
until puberty, although there may be a gradual diminution in the 
absolute numbers of spermatogonia in the first year of life15,16. 
The vast majority of these resting cells would be 47,XXY but, 

occasionally, it is thought the supernumerary X chromosome is 
lost during an earlier mitotic replication and the resultant sper-
matogonial stem cell or type Ad spermatogonia is, therefore, 
normally diploid (46,XY)17. These are thought by many to be 
the cells that eventually, upon initiation of puberty, will be capa-
ble of completing the full process of spermatogenic differen-
tiation (mitosis, meiosis, and spermiogenesis), their progeny 
being fully functional haploid spermatozoa. However, the more 
numerous, by orders of magnitude, 47,XXY spermatogonia suf-
fer a meiotic block, arrest, and become apoptotic18. Whether it is 
simply the trisomic state or the overexpression of X-linked, testis-
expressed genes that lead to this demise is unclear, although the 
latter hypothesis has more evidence behind it19,20. The legacy of 
this self-destruction is wide swaths of the testicular parenchyma 
with seminiferous tubules that are empty ghosts or unrecognizable 
and fibrotic. By happenstance, every once in a while, a seminifer-
ous tubule in which a 46,XY spermatogonium found itself at home 
survives, incubates, and cultivates the normal machinery respon-
sible for complete spermatogenesis21. So, if 47,XXY spermatogo-
nia have no ability to birth whole spermatozoa, is there a reason to 
harvest and cryopreserve them before they become apoptotic early 
in puberty? The answer would appear to be “no”, as concluded 
by Oates22. Indeed, with regard to fertility preservation in even 
younger males with KS, as Gies et al. cautiously posit, “given these 
controversies, banking testicular tissue from prepubertal KS boys 
should be performed only in a research framework”23, even though 
parents of KS boys would be in favor of it24.

Is there a better chance of finding spermatozoa in 
adolescence than in adulthood?
Given the above discussion that spermatozoa arise from random 
46,XY spermatogonia scattered about a sea of fibrotic tubules, 
the next obvious question in the search to answer whether it is  
advantageous to perform TESE in an adolescent KS male as 
opposed to waiting until adulthood would naturally be whether the 
chance of finding sperm upon TESE is greater in the adolescent 
than it is in the adult. If so, that would be a rationale for TESE 
in these younger males, but if not there would seem to be no  
benefit in doing so. That is, is there a great likelihood that these 
competent and capable 46,XY populated seminiferous tubules 
will also disappear during puberty or in the next several years,  
perhaps collateral damage of the near total annihilation of the 
neighboring 47,XXY spermatogonia and their home tubules and, 
thusly, they and any sperm they produce should be harvested  
and saved for the future as soon as possible?

Sperm seen within the ejaculate are probably only a small 
percentage of the total number produced in the testis when view-
ing the entirety of the testis parenchyma as a single manufacturing 
unit. When that output falls below a certain minimum number, 
but not to zero, no sperm can be found downstream in the seminal 
fluid, but some of the relatively few that have been created may 
still be identified when combing through and dissecting that testis  
tissue factory itself. Shortly following the introduction of intra-
cytoplasmic sperm injection (ICSI), it was realized that testicular 
sperm was capable of fertilization, embryo development, and 
pregnancy. TESE quickly became the standard therapy offered to 
men with NOA of all types in an effort to find and use individual 
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spermatozoa to achieve male genetic parenthood25–31. Retrieved 
spermatozoa could even be intentionally frozen prior to use in 
conjunction with ICSI, as first demonstrated by Oates et al., and 
this is now routine clinical practice32. In their recent systematic 
review and meta-analysis, Bernie et al. concluded that the sperm 
retrieval rate (SRR) was higher with micro-TESE (involving the 
use of an operating microscope) than with conventional TESE33 
and approximates 50–60%, depending upon the center and the sur-
geon. Tournaye et al. initially pioneered its application in adult KS 
men, and the first pregnancy was documented by Palermo et al.34,35. 
Numerous subsequent publications confirmed this initial proof of 
concept and added to the growing cumulative statistic of approxi-
mately 50–60% likelihood of sperm retrieval in this subpopulation 
of NOA men2.

Damani et al. first reported in 2001 the use of TESE in an adoles-
cent male in order to ‘preserve’ his fertility before he was started 
on spermatogenically suppressive testosterone replacement36.  
The authors carefully presented their data and the decisions that 
led the patient and his parents to choose this approach in a cau-
tionary tone, advocating only that TESE in the adolescent KS male  
needed more study and consideration before becoming viewed as 
routine, always beneficial, and standard. Building upon that idea, 
a handful of subsequent reports presented data on testis biopsy or 
TESE in very young/adolescent KS boys with varying results. In 
2004, Wikstrom et al. reported that they were not able to find any 
spermatozoa in the histological preparations of single-site biopsies 
on 14 boys aged 10–14 years37. They noted a minimum number 
of type A pale (Ap) and Ad spermatogonia in seven of the 14, 
all within the age range of 10–12.5 years, but no spermatogo-
nia of any kind in the remaining seven who had an age range of  
11.7–14 years. In 2012, Gies and colleagues, who also performed 
a single-site biopsy but of “large volume”, reported that they too 
could not document full spermatogenesis on histological analysis 
in seven KS boys, aged 10.2–15.6 years38. Spermatogonia were 
seen in four of the seven in the upper age range of their group  
(13.3–15.9). Another seemingly disappointing report by Rivas et al.  
in 2013 stated that only one KS adolescent out of five operated 
upon had spermatozoa visualized, even though they carried out  
single-site bilateral TESE39. Mehta et al., also in 2013, using 
a microsurgical TESE approach reported positive news with 
sperm discovery in seven of 10 adolescents, ages ranging from  
14–22 years: an SRR of 70%40. Plotten et al. in 2015 described an 
SRR of 52% in “young” KS patients, aged 15–239. Finally, Nahata 
et al. reported a 50% SRR in 10 adolescent KS boys aged 15–23 
when performing microTESE41. Sperm was identified in five KS 
boys (aged 16, 16, 17, 19, and 23) but was not discovered in the 
remaining five KS boys (aged 15, 16, 16, 18, and 20), indicating no 
real pattern or prediction based upon age at the time of TESE.

As above, SRR rates of TESE in KS adults approximate 50–60%. 
But are there data to compare within the same program, adoles-
cent to adult? Plotten et al. performed exactly that study showing 
prospectively, as detailed previously, an SRR of 52% in their 
“young” group and 62% (no statistical difference) in their “adult” 
group, aged over 23 years9. At Weill Cornell Medical College, 
Dabaja and Schlegel confined their reported results to 127 adult 
KS men and showed an SRR of 65%, which is similar to that of 
70% (7/10) reported by Mehta et al. at the same institution40,42. As 

stated and suggested by Nahata et al. in their conclusion, “…there 
is no clear benefit to performing TESE/unilateral microTESE in 
adolescence…”41. In total, then, although perhaps intuitively sat-
isfying, sensible, and gratifying, SRRs in the small numbers of 
adolescent KS boys subjected to TESE appear to be the same as 
those SRRs in adult KS men subjected to TESE. In general, the 
sperm retrieved from the adult is used immediately as the source 
of sperm for ICSI and not cryopreserved. Will cryopreserved sper-
matozoa or testis tissue be equally as useable and successful after 
years of storage as would necessarily be the case if harvested from a 
young boy not ready to conceive for years? Future reports detailing 
the success of using this sperm (obtained many years previously) 
will be necessary to answer this question. This will include those 
adolescents who have had microTESE prior to the institution of 
spermatogenically suppressive exogenous testosterone therapy.

Does sperm production decline in the years of 
adolescence and on into adulthood to negligible 
levels?
This is another way of asking the same question: should we be 
performing TESE in the adolescent to preserve fertility that will 
be irrevocably lost as the years pass and we do nothing? This 
notion also arises from very limited data suggesting that sperm  
production, as determined by results of TESE (namely SRR), 
declines after a certain age (35 or so) and as such it might be best to 
harvest tissue as soon as the diagnosis is made, whatever the age43. 
Although these conclusions have been made based on a limited 
data set from Okada et al.43 (25 patients greater than age 35 with a  
23% SRR, far different from the Cornell group as detailed below), 
this is by no means certain. As a matter of fact, the data from the 
Cornell group44 show that the SRR in KS men was 71% in the  
22–30 year age group, 86% in the 31–35 year age group, and 50% 
in the 36–50 year age group. The group age intervals are not of 
the same time spans, and the SRR is higher when you are 33 than  
when you are 26 (how is that possible biologically?) and is still 
50% when greater than age 36. As they state, “In addition, ROC 
analysis of these data yielded an AUC of 0.58, indicating that there 
is no best age to predict SRR based on our data”. So it appears that 
even in the publications discussing whether or not TESE rates are 
less in the ‘older’ adult than in the ‘younger’ adult (aged 35), there 
is still a rate of success that is close to, and not much better than, 
that claimed for adolescents.

Finally, when comparing overall adolescent rates to overall adult 
rates of TESE success, and although difficult to prove, there 
would be little reason to believe that sperm production would 
magically begin years after the onset of puberty, e.g. age 16 or 17. 
Therefore, since 50 out of every 100 KS boys have sperm recov-
ered in their testis tissue and 50 out of every 100 KS adults have 
sperm recovered from their testis tissue, and if a decline in sperm 
production occurred during this time frame to zero values of, for 
argument’s sake, 10%, then 10% of maturing KS males (adolescent 
to adult ages) would have to begin to produce sperm to keep the 
two groups equivalent, as far as SRR rates go. Is it likely that 10 
(or whatever absolute number is chosen) males have a precipitous 
and total decline in sperm production as they advance from ado-
lescence into adulthood and, to keep the rates of what we actually 
find upon TESE balanced, 10 males begin to suddenly produce 
sperm as they advance from adolescence into adulthood? Or is it 
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more likely that those who have seminiferous tubules populated 
by 46,XY spermatogonia capable of undergoing the full and com-
plete sequence of spermatogenesis maintain those same tubules  
throughout the years of adolescence and on into adulthood? It may 
be the exact same individuals who have spermatozoa found in  
adolescence that are those found in adulthood. Where would the 
benefit be? Harm could certainly come to the adolescent and his 
parents when no sperm are retrieved—a potential heavy burden  
to carry in the difficult teenage years.

Conclusion
The basic biology of spermatogenesis and how it is altered in 
the KS testis is important to appreciate when trying to formulate 
appropriate clinical pathways vis-à-vis fertility and biological 
paternity. Although it seems obvious to some that KS boys ben-
efit or even require testis tissue surgery and freezing of any sperm 
found as soon as they are identified in the adolescent years, the data 
do not support the temporal necessity to do so. It may be just as 
reasonable, if not more so, to perform that same surgery at a later 
date, in adulthood when the patient and his partner can make an 
informed choice as to whether an operation on him and an in vitro 

cycle for her is what they would like to do in an effort to build a 
family. Since the incidence of KS syndrome is 1:600, practition-
ers of all types are going to have many KS males as their patients, 
will be involved in this debate and controversy, and will need to be 
aware of the issues involved. This list includes, but is not limited 
to, obstetricians (amniocentesis results), pediatricians (discovered 
at the time of a learning disability evaluation, or to understand the 
reason for small testes), endocrinologists (detected during explora-
tion for hypogonadism and failure to initiate puberty in the most 
severely affected), urologists, and reproductive endocrinologists 
(elucidated at the time of an infertility work-up). As it usually is, 
the final answer will probably lie somewhere in the middle and be 
determined on an individual patient-specific basis.
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