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Abstract
To present the results of testicular ultrasonography supported by clinical and hormonal aspects in paediatric patients with
Klinefelter syndrome (KS). Prospective analysis of medical files of 20 patients diagnosed with KS between 2016 and 2022.
Assessed data included analysis of causes of referral, ultrasound, and clinical characterisation with hormonal evaluation of
serum FSH, LH, testosterone, inhibin B, and anti-Miillerian hormone. Non-mosaic Klinefelter syndrome (47, XXY) was
diagnosed in 65% of cases (13/20) by the geneticist (including 7 cases prenatally), in 25% (5/20) by the endocrinologist and
in 10% (2/20) by the hematologist. Ultrasound assessment revealed bilateral testicular microlithiasis (TM) in all patients. The
youngest KS patient with TM was 3 months old. TM patterns have not changed during follow-ups of up to 6 years in any of
the patients. In all KS patients markedly reduced echogenicity and in pubertal KS patients, also irregular echostructure of
the testes was observed. The hormonal patterns observed in the study group were typical for those already described in KS.
Sertoli and Leydig cell function was intact in prepubertal patients and deteriorated after the start of puberty.

Conclusion: Although the degenerative process in the testicular tissue starts very early in the testes in KS and is reflected
in morphological changes seen in ultrasonography, Sertoli and Leydig cell hormonal function is normal in prepubertal KS
patients.

What is Known:

o So far, normal Leydig and Sertoli cell function was observed in infants and prepubertal KS patients.
What is New:

o The morphological changes in the testes in KS may already be seen in early infancy.

Keywords Testis ultrasound - Testicular microlithiasis - Klinefelter syndrome (KS) - Leydig cells - Sertoli cells

Introduction

Klinefelter syndrome (KS) is a sex chromosome trisomy
described in 1942 as ‘a syndrome characterized by gynaeco-
mastia, aspermatogenesis without a-Leydigism and increased
excretion of follicle-stimulating hormone’ in adult men by
Klinefelter et al. [1]. In 1959, Jacobs and Strong [2] discov-
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diagnosed at an increasingly younger age, with 21% of cases
prenatally, 12% during childhood, and 16% during puberty
[5].

Infants with KS may show clinical signs of intrauterine
hypogonadism such as bilaterally undescended testes and
reduced penile length (rarely micropenis) [6]. In prepuber-
tal male patients, the diagnosis is difficult, unless features
comprising a wide range of neurocognitive and psychoso-
cial features emerge and whether the patient will be referred
for genetic consultation by a neurologist or psychiatrist [6,
7]. Otherwise, symptomless mid- or late-pubertal boys or
young adults attract the attention of paediatric endocrinolo-
gists and andrologists when specific physical manifestations
of the disorder, such as incomplete puberty and fertility
issues, arise [3, 8]. The phenotype after the start of puberty
typically includes a tall stature, gynoid posture, broad hips,
narrow shoulders, gynaecomastia and small testes, develop-
ment of primary hypogonadism with reduced testosterone in
serum, and infertility.

The first description of testicular microlithiasis (TM) was
done by Doherty et al. [9] who presented a pattern of small
bright echoes in the testes ultrasound with histologic con-
firmation of TM.

TM is usually incidentally detected by scrotal US as
bright, punctuate (usually 1 mm in size), non-shadowing
echogenic foci [10, 11]. TM is classified as classic (> 5 foci
in either or both testes) and limited TM (< 5 echogenic foci
in both testes) [12]. TM is thought to be due to abnormal
calcification or the presence of debris in the spermatogenic
tubules [10]. The etiology of TM within the seminifer-
ous tubules is unknown, although inflammation, defective
phagocytosis by Sertoli cells, rapid cell turnover, and an
overactive immune response have been suggested as possible
mechanisms [13].

The incidence of TM ranges from 0.7 to 12% in children
with potential risk factors for primary testicular tumours
(PTT) (e.g. testicular pain, testicular masses, personal or
family history of TT, undescended testis), and up to 4.2%
in asymptomatic children, according to currently published
studies [11, 12, 14, 15].

TM may be found in 2.4-5.6% of healthy young men
and is as common as 15% among men with an indication
for scrotal ultrasound because of scrotal pain, swelling, and
a palpable mass, or for a fertility assessment [12, 16-21].

TM is more frequent in adult patients with genetic disor-
ders (e.g. 36.0% in trisomy 21, 17.5% —33.3% in KS) [22, 23].
There are not many reports on TM in paediatric KS patients
[24].

Recently, Fedder [25] questioned the fact that white spots
(testicular hyperechogenic foci =THF) that are seen on tes-
ticular ultrasounds are in all cases microcalcifications [25].

Ultrasound differential diagnosis of such bright spots
includes apart from calcifications also vessel malformations
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such as hemangiomas, hyperechogenic effect of fat against
lymphoid tissue or connective tissue septa, vessels, and nerves
[26-28].

The aim of this preliminary prospective one-centre study is
to present the results of testicular ultrasonography supported
by clinical and hormonal aspects in paediatric patients with KS
from infancy till adolescence, as well as to present the probable
mechanisms of the structural changes in the KS testes in the
light of recent research advances.

Material and methods

A prospective analysis of medical files and testicular US scans
was performed in 20 patients with classic non-mosaic KS (47,
XXY) at the mean age of 7.7 years (age range 3 months to
17 years). The analysis included the reason for referral to the
doctor, age at KS diagnosis, time of follow-up, routine hor-
monal status assessing Leydig cell function (LH; testosterone,
T), and Sertoli cell function (FSH; AMH; inhibin B) as well as
molecular analysis (peripheral blood lymphocytes karyotyp-
ing). The karyotypes and routine hormonal evaluation were
assessed prior to the inclusion to the study. Karyotypes were
established on 40 metaphases from each patient. The volume
of the testes was assessed with a Prader orchidometer. Tes-
ticular volume (ml) was also calculated using the formula:
length X width X height X 0.523 (Table 1).

The pubertal status was assessed by the Tanner scale
(G-genitals, P-pubic hair).

For analysis of hormonal aspects, the study group was
divided into 3 age groups (Table 1; Figs. 1, 2, and 3): group
1: mini-puberty (n =06, age range 3 to 5 months old); group 2:
prepuberty (n=06, age range 1.1 to 9 years old); and group 3:
puberty (n=38, 13—17 years).

Baseline blood samples were obtained from all patients
by a venous puncture at 7.00 am after an overnight fast, for
determination of serum FSH, LH, testosterone (T), inhibin B
(INHB), and anti-Miillerian hormone (AMH).

Plasma T, LH, and FSH were assessed by chemilumines-
cence immunoassay (ADVIA Centaur XPT Immunoassay
System, Siemens, Germany). INHB was assessed by enzy-
matically amplified two-site two-step sandwich-type immu-
noassay (ELISA) (Euroimmune 10,535, Oxford Immunotec
Global PLC,143 Park Drive, Milton Park, Abingdon, UK).
AMH was assessed by an electrochemiluminescence immuno-
assay analyzer (ECLIA) (Elecsys AMH Plus, Cobas, Roche,
Switzerland). The limit of AMH detection with this methodol-
ogy is 22.9 ng/mL.

All tests were routinely performed in duplicate in the
laboratory of the University Children’s Hospital in Krakow,
Poland, apart from AMH assessed in a commercial labora-
tory following the manufacturer’s instructions.
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Table 1 (continued)

Height at

Testosterone AMH Inhibin B Testes volume ml Testosterone
ng/ml pg/ml

ng/ml

LH

FSH mIU/ml

N Ageof KS Cause/age of

first visit

cm

therapy (TRT)

Left/right testes

mlIU/ml

prepuberty n < 3.3;
puberty n: 3-15

referral

diagnosis
(years)

n: 25-325 texture/penis

prepuberty prepuberty

prepuberty
n<3.7;

[SDS]

length

n>22.9; puberty

0.8-14.5

n <1; puberty n:

2.6-10.9

Tanner stage

puberty n:
1.1-8.3

TRT since 177.6

2.4/2.3
Firm

89.7

>22.9

1.1

8.5

10.4

Epilepsy,

16.7

[-0.2]

16.3 years
(osteoporosis

delayed development,

bilateral

Penis normal

GII PII

Z-score: —2.4
SD, bone

fracture)
TRT since 17 years 189.7

hypoacusis, gynoid

posture, broad hips,
narrow shoulders

Ph + chronic

2.0/2.1
Firm

1.8 0.2 <4

18.6

38.7

17

[+1.8]

myeloid leukemia,

bone marrow
conventional

Penis normal
GII PIV

karyotyping, gynoid

posture, broad hips,
narrow shoulders

PMH past medical history, G genitals, P pubic hair/pubarche

The intra- and interassay coefficients of variation were 3.3
and 4.5% for LH, 3.3 and 5.0% for FSH, 2.0 and 3.1% for T,
3.4% and 6.8% for INHB, and <9% for AMH. The normal
ranges are presented in Table 1.

Ultrasound (US) examination of the scrotum was performed
at the University Children's Hospital in Krakow (Poland) by
a board ultrasound-certified paediatric endocrinologist with
23 years of experience in paediatric ultrasonography (DJ). Tes-
ticular US was performed using a high-resolution Voluson 730
GE Medical System (8- to 12-MHz linear-array transducer) and
Samsung HS40 (LA3-16AD transducer). The US examination
was performed in the axial and longitudinal planes in 20 KS
patients and in 20 age-matched healthy controls (referred for the
assessment of short stature and found to be healthy).

The study was approved by the University Bioethical Com-
mission (positive opinion number: 1072.6120.113.2022). Writ-
ten informed consent was obtained from the participants and
/or their parents.

Results

Clinical and hormonal data of patients with KS are presented
in Table 1.

Non-mosaic KS (47, XXY) was diagnosed in 65% of
cases (13/20) by the geneticist, in 25% (5/20) by the endocri-
nologist, and in 10% (2/20) by the hematologist. Seven out
of 20 cases (35%) were diagnosed prenatally by a geneticist.
The median height in the mini-puberty group was (-) 1.05
SDS, in prepuberty (-) 0.6 SDS, and during puberty (+) 1.7
SDS (Table 1).

Hormonal evaluation

The cross-sectional evaluation of age-related hormonal
profiles in the KS study group presents a typical hormonal
pattern with deterioration of Sertoli and Leydig cell func-
tion at GII PIIT pubertal stage and is presented in Table 1.
During mini-puberty, a rise of FSH, LH, and testosterone
was observed and was within the expected ranges for this
period. AMH and inhibin B were increased showing the
intact function of Sertoli cells. Testosterone within the age
range confirmed normal functioning of Leydig cells. After
the period of mini-puberty, the lowering of FSH, LH, and T
was observed typically for a prepubertal period with main-
tained levels of AMH and of inhibin B. In pubertal patients
at GII PIII pubertal stage, increased levels of FSH and LH
together with decreased AMH and inhibin B concentrations
were observed. Six teenagers aged 13.7—17 years presented
with overt primary hypogonadism and hormonal signs of
Sertoli and Leydig cells insufficiency already at presenta-
tion. However, in one of the pubertal patients at GIIPII aged
16.7 years (Table 1), normal function of Sertoli cells was

@ Springer
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Fig. 1 Ultrasound features of testes with TM in the infants from the mini-
puberty group. A 3 months old, B 4 months old, C and D 5 months old,
E healthy control 5 months old

observed, which might be explained by an influence of con-
stitutional delay of puberty observed in this patient.

Evaluation of testes

In infants and prepubertal boys, the length of the penis and
volumes of testes were appropriate for age. In pubertal boys,
the maximum volume of the testis was 6 ml by the Prader

Fig.2 Ultrasound features of

testes with TM in patients from A
prepuberty group. A 7.5 years

old, B 1.8 years old, C healthy

control 7 years old

@ Springer

orchidometer (the volume of one testis). Two patients had
orchidopexy due to undescended testes in infancy (Table 1).

Ultrasound observation

Testicular ultrasound scans from three groups of patients
and representative scans from the controls are presented in
Figs. 1-3.

TM was found in all patients but not in the controls.
The youngest KS patients with TM were 3 to 5 months old
(Table 1, Fig. 1). TM was also found both in prepubertal
patients above 1 year of age (above the age of mini-puberty)
as well as in pubertal (Figs. 2 and 3). In both prepubertal
and pubertal KS patients, markedly reduced echogenicity
and irregular structure of testes were visible (Figs. 1-3).
Irregular echostructure with hypoechogenic areas probably
related to the overgrowth of Leydig cells was observed in
pubertal KS patients (Fig. 3). The blood flow assessed by
Color Doppler and Power Doppler was normal.

The length of follow-up was different in each age group.
Patients diagnosed at the age of 16—17 years were followed
up till the age of 18 years and then transferred to Adult
Andrology Clinic. We have the longest follow-up of 6 years
in prepubertal patients. During this follow-up, scrotal ultra-
sound was performed once a year and we have not seen any
changes in the TM pattern (Fig. 4).

Therapeutic aspects

Therapy with intramuscular prolonged testosterone (testos-
terone enanthate, T) was started in 6 patients at the mean
age of 16 years after overt and symptomatic primary hypo-
gonadism (poor virilisation, low libido, low muscle mass,
muscle weakness, gynoid body shape) was confirmed. The
testosterone concentrations prior to testosterone therapy
(TRT) are presented in Table 1. This therapy was well
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Fig.3 Ultrasound features of the testes during a follow-up of a prepu-
bertal patient. A 2017 year (age 2.1 years), B 2019 year (age 4.1 years),
C 2022 year (age 7.1 years)

tolerated by patients and improved their quality of life,
school performance, and physical endurance.

Discussion

In the present study, contrary to other published research
articles, we have found TM in testicular ultrasound in all KS
patients during mini-puberty, prepuberty, and puberty [24,
29]. The study group was small, but KS is rarely detected

Fig.4 Ultrasound features of

testes with TM in pubertal A
patients. A 16.7 years old, B

13.7 years old, C healthy con-

trol 15 years old

in childhood [3, 5]. Although we see more cases detected
prenatally during the last years, the overall number of these
patients, in one large endocrine centre, has not increased
significantly. The complex patient evaluation in our centre
includes ultrasonography—point of care, performed by an
experienced endocrine paediatric ultrasonographist, ena-
bling early morphological assessments of endocrine glands
involving also testicular ultrasonography. In the present
study, we were able to report for the first time that although
normal Leydig and Sertoli cell function was observed in
infants and prepubertal KS patients similarly to other stud-
ies, morphological changes in the testes may already be seen
in early infancy in some patients [24]. We are aware that a
small number of study patients could affect our results but
TM was already described in ~30% of adult KS patients by
Accardo et al. [23].

The discrepancy in results between the studies may also be
explained by the fact that the testicular histology is patient-
dependent since tubular degeneration and fibrosis can be
severe in some patients, while in others, normal tubules can
still be observed [30]. Why TM is seen in some but not in all
non-mosaic KS patients presumably could be explained by
testicular mosaicism [24, 31].

So far, we accepted that in KS patients’ abrupt deteriora-
tion of Sertoli cell function takes place during puberty. The
finding of TM in infants is of special interest as it confirms
that the degenerative process in the testicular tissue starts
very early in the testes in KS, probably even prenatally,
and continues, as we did not observe any resolution of TM
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during the follow-up in our group, in the prepubertal period,
but cellular functionality was intact for several years until
puberty.

Additionally, we have shown decreased echogenicity in
testes in all patients and irregular echostructure of testicular
tissue in pubertal patients. One explanation may be the rapid
progression of tubular and interstitial deterioration in this
selected population presenting severe phenotypes.

Morphological abnormalities in the testes in KS patients,
the presence of TM and hypoechogenicity, might also be
explained by the last research outcomes presenting changes
in vascularity found already in prepubertal patients as
well as the latest input from molecular studies confirming
already prenatal loss of germ cells [32, 33]. Previous studies
reported irregular testicular echostructure with hypoecho-
genic areas thought to be overgrown Leydig cells [29]. In
our study, such irregular hypoechogenic areas were seen in
pubertal GIIPIV patients with low testosterone concentration
in serum. The mechanism of these structural abnormalities
might be explained by the following observations. Patients
with KS are known to have decreased levels of testoster-
one; nevertheless, an increased intratesticular testosterone
concentration has been found in adult KS patients [33]. The
testis transcriptome analysis also revealed increased steroi-
dogenic function of the Leydig cells [34]. This contradic-
tion has been explained by a disturbed vascularity around
the Leydig cells in KS testes since reduced artery diameters
were previously found in KS men as well as an increased
vessel density of the smallest blood vessels (0—100 um?) in
prepubertal KS tissue [33, 35, 36]. In a recent in vivo study
by Carlomagno et al. [37], contrast-enhanced ultrasonog-
raphy (CEUS) revealed slower testicular perfusion kinetics
that was associated with lower total testosterone levels in
subjects with KS [37].

In our study in infants and prepubertal patients with KS,
the volumes of testes were appropriate for age. In pubertal
patients, the maximum volumes of testes were 6 ml (per
testis) and the consistency of testes was mostly soft. As pre-
sented in earlier research studies, initially, the testes of KS
adolescents grow up to a volume of 6 ml due to the prolif-
eration of Sertoli cells and interstitial cells [38]. The vast
majority of 47, XXY spermatogonia cannot complete the
meiotic process and become apoptotic [39]. Whether this
is specific to the germ cells themselves, or whether it is a
malfunction and failure of the Sertoli cells in their nutritive
and supporting role or a combination of both, is not fully
understood [39]. Each tubule is constricted and either left
with few remaining germ and Sertoli cells or devoid of all
cells and this degeneration of the interstitial stroma leads
to the decrease in the testis volume to a prepubertal size of
2-4 ml [38—41].

The proliferation of germ cells occurs during fetal devel-
opment and continues into early postnatal life. During this
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period, primordial germ cells differentiate towards pre-
spermatogonia and spermatogonia. Winge et al. [32, 42]
proved that this process of differentiation is incorrect in KS
fetuses, indicating that germ cell loss already occurs prena-
tally. Since the loss of spermatogonia begins before puberty,
even as early as during fetal development, other mechanisms
must be involved in testicular hyalinization and fibrosis that
start later, after the start of puberty [43]. Winge et al. [43] by
finding markers of the immaturity of somatic cells confirmed
previous observations of the role of immature Sertoli and
Leydig cells in the adult KS testis. It can be hypothesized
that the presence of TM in infants supports the recent molec-
ular research pointing to already prenatal malfunctioning
of spermatogenesis in testes. And later on, immaturity of
Sertoli and Leydig cells, together with altered vascularity
and impaired phagocytosis of cellular debris, leads to the
progressive deterioration of testicular function and after a
short activation, abrupt primary hypogonadism, hyaliniza-
tion of seminiferous tubules, and finally infertility [32, 43].
However, hormonal production by Leydig and Sertoli cells
is preserved until the beginning of puberty [24].

Histological images of an adult KS testis show significant
architectural changes such as fibrosis, Leydig cell hyperpla-
sia, high numbers of degenerated and hyalinized tubules, and
absence of germ cells [44]. The question arises: could there
be a role of TM in the fibrotic process in KS testes?

It is known that the fibrotic process is initiated after the
germ cell loss. However, the exact mechanism leading to
testicular fibrosis in KS testes remains unknown [30].

Whether the altered vascularisation also has influence on
the occurrence of fibrosis in the KS testes is currently inves-
tigated. Recent research is focused on a role of mast cells
(MCs) that has been reported in increased numbers in biopsies
from infertile patients [45, 46].

It was found that tryptase produced by MCs may be directly
involved in the development of the fibrotic thickening of the
walls of the seminiferous tubules in infertility, because of the
potential of tryptase to induce fibrotic processes [45]. It would
appear that altered seminiferous tubules and/or interstitial cells
release growth and/or chemotactic factors for MCs [45]. Could
TM (a kind of a foreign body) also trigger the release of factors
attracting MCs? The mechanisms responsible for the archi-
tectural changes of the KS testes and the association with TM
require further investigation.

There is not much evidence supporting that TM alone is
premalignant; however, TM was strongly associated with
increased diagnosis of PTT in children with potential risk
factors for PTT [10]. The ultrasound follow-up did not reveal
any changes in TM with time nor malignant transformation
during the study observation, so we are convinced that TM in
KS paediatric patients is benign and can be safely monitored.
Even though a high prevalence of TM is found in adults with
KS, these men usually have only a few such lesions and the
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incidence of testicular cancer in KS men is not higher than in
other men [47]. Most of the current guidelines note that TM
in the absence of solid mass and risk factors for developing
PTT does not confer an increased risk of malignant neoplasm
and that it does not require further evaluation [48].

Our prospective preliminary clinical study has several limi-
tations. This was an analysis of paediatric patients referred
to the tertiary paediatric centre for the differential diagnosis
of diversity of symptoms and finally diagnosed with KS, not
representing a general paediatric population. Our study group
was too small to determine prevalences; however, it differs
from others in the fact that TM was found in all KS patients
with classic 47, XXY karyotype including small infants.

Summary

1. The degenerative process in the testicular tissue may
start very early in the testes in KS patients.

2. Scrotal US follow-up might be valuable in KS offering
early detection of testicular damage and together with
clinical and hormonal assessment might be potentially
useful in the diagnostic and, maybe in the future, also in
the therapeutic process.

Acknowledgements The authors would like to thank Ms. Victoria
Smyth (Jagiellonian University), a British native speaker for the lan-
guage revision.

Authors’ contributions Study design: DJ. Study conduct: DJ, MW. Data
collection: DJ. Data analysis: DJ. Data interpretation: DJ, MW. Draft-
ing manuscript: DJ, MW. Revising manuscript content: DJ, MW, JS.
Approving final version of manuscript: DJ, MW, JS. DI takes respon-
sibility for the integrity of the data analysis.

Declarations

Ethical approval The authors confirm that this prospective work
was performed in compliance with ethical standards and according
to Institutional Review Board standards. The study was approved
by the University Bioethical Commission (positive opinion number:
1072.6120.113.2022). Written informed consent was obtained from
the participants and /or their parents.

Informed consent Informed consent was obtained from all individual
participants or/and their parents included in the study.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not

permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Klinefelter HF, Reifenstein EC, Albright F (1942) Syndrome char-
acterized by gynaecomastia, aspermatogenesis without a Leydi-
gism and increased excretion of follicle-stimulating hormone. J
Clin Endocrinol Metab 2:615-627

2. Jacobs PA, Strong JA (1959) A case of human intersexuality hav-
ing a possible XXY sex-determining mechanism. Nature 183:302—
303. https://doi.org/10.1038/183302a0

3. Bojesen A, Juul S, Gravholt CH (2003) Prenatal and postnatal preva-
lence of Klinefelter syndrome: a national registry study. J Clin Endo-
crinol Metab 88:622-626. https://doi.org/10.1210/jc.2002-021491

4. Lanfranco F, Kamischke A, Zitzmann M, Nieschlag E (2004)
Klinefelter’s syndrome. Lancet 364:273-283. https://doi.org/10.
1016/S0140-6736(04)16678-6

5. Herlihy AS, McLachlan RI (2015) Screening for Klinefelter syn-
drome. Curr Opin Endocrinol Diabetes Obes 22:224-229. https://
doi.org/10.1097/MED.0000000000000154

6. Zitzmann M, Aksglaede L, Corona G, Isidori AM, Juul A, T’Sjoen
G et al (2021) European academy of andrology guidelines on
Klinefelter Syndrome Endorsing Organization: European Society
of Endocrinology. Andrology 9:145-167. https://doi.org/10.1111/
andr.12909

7. RossJL, Zeger MP, Kushner H, Zinn AR, Roeltgen DP (2009)
An extra X or Y chromosome: contrasting the cognitive and
motor phenotypes in childhood in patients with 47, XYY syn-
drome or 47, XXY Klinefelter syndrome. Dev Disabil Res Rev
15:309-317. https://doi.org/10.1002/ddrr.85

8. Foland-Ross LC, Ross JL, Reiss AL (2019) Androgen treatment
effects on hippocampus structure in patients with Klinefelter
syndrome. Psychoneuroendocrinology 100:223-228. https://doi.
org/10.1016/j.psyneuen.2018.09.039

9. Doherty FJ, Mullins TL, Sant GR, Drinkwater MA, Ucci AA Jr
(1987) Testicular microlithiasis. A unique sonographic appear-
ance. J Ultrasound Med 6:389-92. https://doi.org/10.7863/jum.
1987.6.7.389

10. YuCJ, LulJD, Zhao J, Wei Y, Zhao TX, Lin T, He DW, Wu SD,
Wei GH (2020) Incidence characteristics of testicular microlith-
iasis and its association with risk of primary testicular tumors in
children: a systematic review and meta-analysis. World J Pediatr
16(6):585-597. https://doi.org/10.1007/s12519-019-00328-1

11. Cooper ML, Kaefer M, Fan R, Rink RC, Jennings SG, Karmazyn
B (2014) Testicular microlithiasis in children and associated tes-
ticular cancer. Radiology 270:857-863

12. Goede J, Hack WW, van der Voort-Doedens LM, Pierik FH,
Looijenga LH, Sijstermans K (2010) Testicular microlithiasis in
boys and young men with congenital or acquired undescended
(ascending) testis. J Urol 183:1539-1543

13. Dinkelman-Smit M (2021) Management of testicular microlithi-
asis. Eur Urol Focus 7(5):940-942. https://doi.org/10.1016/j.euf.
2021.09.020

14. van Brakel J, de Muinck Keizer-Schrama SM, van Casteren NJ,
Hazebroek FW, Dohle GR (2015) Scrotal ultrasound findings
in previously congenital and acquired unilateral undescended
testes and their contralateral normally descended testis. Androl-
ogy 3:888-894. https://doi.org/10.1111/andr.12070

15. Riebel T, Herrmann C, Wit J, Sellin S (2000) Ultrasonographic
late results after surgically treated cryptorchidism. Pediatr
Radiol 30:151-155. https://doi.org/10.1007/s002470050034

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/183302a0
https://doi.org/10.1210/jc.2002-021491
https://doi.org/10.1016/S0140-6736(04)16678-6
https://doi.org/10.1016/S0140-6736(04)16678-6
https://doi.org/10.1097/MED.0000000000000154
https://doi.org/10.1097/MED.0000000000000154
https://doi.org/10.1111/andr.12909
https://doi.org/10.1111/andr.12909
https://doi.org/10.1002/ddrr.85
https://doi.org/10.1016/j.psyneuen.2018.09.039
https://doi.org/10.1016/j.psyneuen.2018.09.039
https://doi.org/10.7863/jum.1987.6.7.389
https://doi.org/10.7863/jum.1987.6.7.389
https://doi.org/10.1007/s12519-019-00328-1
https://doi.org/10.1016/j.euf.2021.09.020
https://doi.org/10.1016/j.euf.2021.09.020
https://doi.org/10.1111/andr.12070
https://doi.org/10.1007/s002470050034

234

European Journal of Pediatrics (2023) 182:225-235

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Pedersen MR, Rafaelsen SR, Mgller H, Vedsted P, Osther PJ
(2016) Testicular microlithiasis and testicular cancer: review
of the literature. Int Urol Nephrol 48(7):1079-1086. https://doi.
org/10.1007/s11255-016-1267-2

Backus ML, Mack LA, Middleton WD, King BF, Winter TC
3rd, True LD (1994) Testicular microlithiasis: imaging appear-
ances and pathologic correlation. Radiology 192:781-785.
https://doi.org/10.1148/radiology.192.3.8058947

Peterson AC, Bauman JM, Light DE, McMann LP, Costabile RA
(2001) The prevalence of testicular microlithiasis in an asympto-
matic population of men 18 to 35 years old. J Urol 166(6):2061-4
Goede J, Hack WW, van der Voort-Doedens LM, Sijstermans K,
Pierik FH (2009) Prevalence of testicular microlithiasis in asymp-
tomatic males O to 19 years old. J Urol 182:1516-1520. https://
doi.org/10.1016/j.juro.2009.06.065

Serter S, Giimiis B, Unlii M, Tungyiirek O, Tarhan S, Ayyildiz V
et al (2006) Prevalence of testicular microlithiasis in an asympto-
matic population. Scand J Urol Nephrol 40:212-214. https://doi.
org/10.1080/00365590600589641

Goede J, Hack WW (2012) Clinical aspects of testicular micro-
lithiasis in patients: a review. J Pediatr Urol 8:459-469. https://
doi.org/10.1016/j.jpurol.2011.07.003

Cebeci AN, Aslanger A, Ozdemir M (2015) Should patients with
Down syndrome be screened for testicular microlithiasis? Eur J
Pediatr Surg 25:177-180. https://doi.org/10.1055/s-0034-1370779
Accardo G, Vallone G, Esposito D, Barbato F, Renzullo A, Conzo
G et al (2015) Testicular parenchymal abnormalities in Klinefelter
syndrome: a question of cancer? Examination of 40 consecutive
patients. Asian J Androl 17:154-158. https://doi.org/10.4103/
1008-682X.128514

Spaziani M, Granato S, Liberati N, Rossi FM, Tahani N, Pozza
C et al (2021) From mini-puberty to pre-puberty: early impair-
ment of the hypothalamus-pituitary-gonadal axis with normal
testicular function in children with non-mosaic Klinefelter syn-
drome. J Endocrinol Invest 44:127-138. https://doi.org/10.1007/
s40618-020-01281-x

Fedder J (2017) Prevalence of small testicular hyperechogenic
foci in subgroups of 382 non-vasectomized, azoospermic men: a
retrospective cohort study. Andrology 5:248-255. https://doi.org/
10.1111/andr.12291

Bree RL, Schwab RE, Glazer GM, Fink-Bennett D (1987) The
varied appearances of hepatic cavernous hemangiomas with
sonography, computed tomography, magnetic resonance imaging
and scintigraphy. Radiographics 7:1153-1175. https://doi.org/10.
1148/radiographics.7.6.3321218

Janu$ D, Kalicka-Kasperczyk A, Wéjcik M, Drabik G, Starzyk JB
(2020) Long-term ultrasound follow-up of intrathyroidal ectopic
thymus in children. J Endocrinol Invest 43:841-852. https://doi.
org/10.1007/s40618-019-01172-w

Escobar FA, Pantanowitz L, Picarsic JL, Craig FE, Simons JP,
Viswanathan PA et al (2018) Cytomorphology and sonographic
features of ectopic thymic tissue diagnosed in paediatric FNA
biopsies. Cytopathology 29:241-246. https://doi.org/10.1111/cyt.
12529

Spaziani M, Lecis C, Tarantino C, Sbardella E, Pozza C, Gianfrilli
D et al (2021) The role of scrotal ultrasonography from infancy
to puberty. Andrology 9:1306-1321. https://doi.org/10.1111/andr.
13056

Van Saen D, Vloeberghs V, Gies I, Mateizel I, Sermon K, De
Schepper J, Tournaye H, Goossens E (2018) When does germ
cell loss and fibrosis occur in patients with Klinefelter syndrome?
Hum Reprod 33(6):1009-1022. https://doi.org/10.1093/humrep/
dey094

Willems M, Gies I, Van Saen D (2020) Germ cell loss in Klinefelter
syndrome: when and why? Am J Med Genet C Semin Med Genet
184(2):356-370. https://doi.org/10.1002/ajmg.c.31787

@ Springer

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Winge SB, Dalgaard MD, Jensen JM, Graem N, Schierup MH,
Juul A et al (2018) Transcriptome profiling of fetal Klinefelter tes-
tis tissue reveals a possible involvement of long non-coding RNAs
in gonocyte maturation. Hum Mol Genet 27:430-439. https://doi.
org/10.1093/hmg/ddx411

Willems M, Vloeberghs V, Gies I, De Schepper J, Tournaye H,
Goossens E et al (2020) Testicular immune cells and vasculature
in Klinefelter syndrome from childhood up to adulthood. Hum
Reprod 35:1753-1764. https://doi.org/10.1093/humrep/deaal32
D’Aurora M, Ferlin A, Di Nicola M, Garolla A, De Toni L, Franchi
S et al (2015) Deregulation of Sertoli and Leydig cells function
in patients with Klinefelter syndrome as evidenced by testis tran-
scriptome analysis. BMC Genom 16:156. https://doi.org/10.1186/
$12864-015-1356-0

Foresta C, Galeazzi C, Bettella A, Marin P, Rossato M, Garolla
A et al (1999) Analysis of meiosis in intratesticular germ cells
from subjects affected by classic Klinefelter’s syndrome. J Clin
Endocrinol Metab 84:3807-3810. https://doi.org/10.1210/jcem.
84.10.6029

Tuttelmann F, Damm OS, Luetjens CM, Baldi M, Zitzmann M,
Kliesch S et al (2014) Intratesticular testosterone is increased in
men with Klinefelter syndrome and may not be released into the
bloodstream owing to altered testicular vascularization— a pre-
liminary report. Andrology 2:275-281. https://doi.org/10.1111/j.
2047-2927.2014.00190.x

Carlomagno F, Pozza C, Tenuta M, Pofi R, Tarani L, Sesti F et al (2022)
Testicular microvascular flow is altered in Klinefelter syndrome and
predicts circulating testosterone. J Clin Endocrinol Metab 107(1):e236—
€245. https://doi.org/10.1210/clinem/dgab605

Wikstrom AM, Raivio T, Hadziselimovic F, Wikstrom S, Tuuri
T, Dunkel L (2004) Klinefelter syndrome in adolescence: onset
of puberty is associated with accelerated germ cell depletion. J
Clin Endocrinol Metab 89:2263-2270. https://doi.org/10.1210/jc.
2003-031725

Kauppi L, Jasin M, Keeney S (2012) The tricky path to recom-
bining X and Y chromosomes in meiosis. Ann N Y Acad Sci
1267:18-23. https://doi.org/10.1111/j.1749-6632.2012.06593.x
Grinspon RP, Rey RA (2010) Anti-miillerian hormone and Sertoli
cell function in paediatric male hypogonadism. Horm Res Paediatr
73:81-92. https://doi.org/10.1159/000277140

Robinson A, Bender BG, Borelli JB, Puck MH, Salbenblatt JA,
Winter JS (1986) Sex chromosomal aneuploidy: prospective and
longitudinal studies. Birth Defects Orig Artic Ser 22:23-71
Mitchell RT, Saunders PT, Childs AJ, Cassidy-Kojima C, Anderson
RA, Wallace WH et al (2010) Xenografting of human fetal testis
tissue: a new approach to study fetal testis development and germ
cell differentiation. Hum Reprod 25:2405-2414. https://doi.org/10.
1093/humrep/deq183

Winge SB, Dalgaard MD, Belling KG, Jensen JM, Nielsen JE,
Aksglaede L et al (2018) Transcriptome analysis of the adult
human Klinefelter testis and cellularity-matched controls reveals
disturbed differentiation of Sertoli- and Leydig cells. Cell Death
Dis 9(6):586. https://doi.org/10.1038/s41419-018-0671-1
Aksglaede L, Wikstrom AM, Rajpert-De Meyts E, Dunkel L,
Skakkebaek NE, Juul A (2006) Natural history of seminiferous
tubule degeneration in Klinefelter syndrome. Hum Reprod Update
12(1):39-48. https://doi.org/10.1093/humupd/dmi039

Meineke V, Frungieri MB, Jessberger B, Vogt H, Mayerhofer A
(2000) Human testicular mast cells contain tryptase: increased
mast cell number and altered distribution in the testes of infertile
men. Fertil Steril 74(2):239-244. https://doi.org/10.1016/s0015-
0282(00)00626-9

Willems M, Sefenhausen P, Gies I, Vloeberghs V, Tournaye H,
Van Saen D, Goossens E (2022) Intratesticular xenografting of
Klinefelter pre-pubertal testis tissue as potential model to study


https://doi.org/10.1007/s11255-016-1267-2
https://doi.org/10.1007/s11255-016-1267-2
https://doi.org/10.1148/radiology.192.3.8058947
https://doi.org/10.1016/j.juro.2009.06.065
https://doi.org/10.1016/j.juro.2009.06.065
https://doi.org/10.1080/00365590600589641
https://doi.org/10.1080/00365590600589641
https://doi.org/10.1016/j.jpurol.2011.07.003
https://doi.org/10.1016/j.jpurol.2011.07.003
https://doi.org/10.1055/s-0034-1370779
https://doi.org/10.4103/1008-682X.128514
https://doi.org/10.4103/1008-682X.128514
https://doi.org/10.1007/s40618-020-01281-x
https://doi.org/10.1007/s40618-020-01281-x
https://doi.org/10.1111/andr.12291
https://doi.org/10.1111/andr.12291
https://doi.org/10.1148/radiographics.7.6.3321218
https://doi.org/10.1148/radiographics.7.6.3321218
https://doi.org/10.1007/s40618-019-01172-w
https://doi.org/10.1007/s40618-019-01172-w
https://doi.org/10.1111/cyt.12529
https://doi.org/10.1111/cyt.12529
https://doi.org/10.1111/andr.13056
https://doi.org/10.1111/andr.13056
https://doi.org/10.1093/humrep/dey094
https://doi.org/10.1093/humrep/dey094
https://doi.org/10.1002/ajmg.c.31787
https://doi.org/10.1093/hmg/ddx411
https://doi.org/10.1093/hmg/ddx411
https://doi.org/10.1093/humrep/deaa132
https://doi.org/10.1186/s12864-015-1356-0
https://doi.org/10.1186/s12864-015-1356-0
https://doi.org/10.1210/jcem.84.10.6029
https://doi.org/10.1210/jcem.84.10.6029
https://doi.org/10.1111/j.2047-2927.2014.00190.x
https://doi.org/10.1111/j.2047-2927.2014.00190.x
https://doi.org/10.1210/clinem/dgab605
https://doi.org/10.1210/jc.2003-031725
https://doi.org/10.1210/jc.2003-031725
https://doi.org/10.1111/j.1749-6632.2012.06593.x
https://doi.org/10.1159/000277140
https://doi.org/10.1093/humrep/deq183
https://doi.org/10.1093/humrep/deq183
https://doi.org/10.1038/s41419-018-0671-1
https://doi.org/10.1093/humupd/dmi039
https://doi.org/10.1016/s0015-0282(00)00626-9
https://doi.org/10.1016/s0015-0282(00)00626-9

European Journal of Pediatrics (2023) 182:225-235

235

47.

48.

testicular fibrosis. Reprod Biomed Online 44(5):896-906. https://
doi.org/10.1016/j.rbmo.2022.01.009

Swerdlow AJ, Schoemaker MJ, Higgins CD, Wright AF, Jacobs
PA (2005) UK Clinical Cytogenetics Group. Cancer incidence and
mortality in men with Klinefelter syndrome: a cohort study. J Natl
Cancer Inst 97:1204-10. https://doi.org/10.1093/jnci/dji240
Stephenson A, Eggener SE, Bass EB, Chelnick DM, Daneshmand
S, Feldman D et al (2019) Diagnosis and treatment of early stage

testicular cancer: AUA Guideline. J Urol 202:272-281. https://
doi.org/10.1097/JU.0000000000000318

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.rbmo.2022.01.009
https://doi.org/10.1016/j.rbmo.2022.01.009
https://doi.org/10.1093/jnci/dji240
https://doi.org/10.1097/JU.0000000000000318
https://doi.org/10.1097/JU.0000000000000318

	Testicular microlithiasis in paediatric patients with Klinefelter syndrome from infancy till adolescence: early start of degenerative process in the testes—preliminary results
	Abstract
	Introduction
	Material and methods
	Results
	Hormonal evaluation
	Evaluation of testes
	Ultrasound observation
	Therapeutic aspects

	Discussion
	Summary
	Acknowledgements 
	References


