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Summary

In about 1–4% of full-term boys, one or both testes fail to descend into the scrotum at birth representing
one of the most common congenital anomalies. The cryptorchid testis is typically characterized by the
decreased number and impaired maturation of germ cells following an increased risk of infertility and
testicular cancer in adulthood. Particularly, boys with bilateral cryptorchidism comprise a high risk of
infertility with reports of azoospermia in up to 18–46%. To minimize germ cell loss and damage, early
surgical correction between 6 and 12 (�18) months of age are now recommended for cryptorchidism.
However, the effect of early surgery has sparsely been evaluated. Moreover, many other aspects of
cryptorchidism still remain controversial including management strategies for patients with acquired
spontaneously ascending testis (ascent of a scrotal testis during infancy) and those suspected of a high
risk of later infertility. Hence, a better understanding of pathohistological and hormonal findings of boys
with cryptorchidism may change and extend our treatment and management strategies.
This thesis is based on unique data obtained at orchidopexy for valuing the fertility potential with a
combined analysis of histological and hormonal parameters including FSH, LH, testosterone, and the
Sertoli cell hormone inhibin B. This is very seldom practiced elsewhere.

The PhD project aimed at analyzing the fertility potential in cryptorchid boys who were expected to
exhibit good fertility potentials: patients who underwent early orchidopexy according to the Nordic
recommendations (Paper I), patients with bilateral acquired ascending testes (Paper II), and patients
operated for cryptorchidism during minipuberty (Paper IV). Another aim was to evaluate the hormonal
effect of surgery in boys with bilateral cryptorchidism by determining preoperative and postoperative
hormones in relation to testicular histopathology (Paper III). Finally, we studied the parental acceptance
rate of testicular tissue cryopreservation, an experimental procedure where a small testicular biopsy from
a prepubertal boy is stored at �80° C with the prospect of preserving future fertility (Paper V).

In Paper I, we evaluated histological and hormonal data from 333 infant boys with congenital
nonsyndromic cryptorchidism (21% bilateral disorder) who underwent orchidopexy within the recom-
mended age. At the time of surgery, 25% of boys had a reduced number of germ cells per cross-sectional
tubule (G/T) and 23% of boys lacked type A dark (Ad) spermatogonia, which is suggested to be the
male germline stem cell and essential for future fertility. Moreover, 21% of boys had an inhibin B below
2.5th percentile. Consequently, even though cryptorchid boys undergo orchidopexy within the first year
of age up to 25% may risk later infertility.
In Paper II, we compared histological and hormonal data from 67 boys with bilateral ascending testes to
86 boys with late-referral congenital bilateral cryptorchidism. The age of these patients was similar
ranging between 2 and 7 (median 3.8 vs 3.9) years. The fertility potential within these groups was
compromised to almost the same level with mean G/T below normal lower range (60% vs 66%), bilateral
absence of Ad spermatogonia (31% vs 35%), and inhibin B below 2.5th percentile (13% vs 15%),
implying that at least 30% are at risk of infertility.
This advocates that orchidopexy should be performed of ascending testis immediately after diagnosis and
underscores the importance of clinical examinations for acquired cryptorchidism. Especially, boys with
retractile testes should be followed regularly, since such testes often undergo ascent.
In Paper III, we studied a cohort of 208 boys with bilateral cryptorchidism (median age 1.7 years) who
underwent orchidopexy with fertility potential assessment and 1-year hormonal follow-up. Orchidopexy
improved the fertility potential in bilateral cryptorchidism based on inhibin B measurements. Patients
who underwent orchidopexy before 1 year of age expressed the most favorable improvement in inhibin
B. But around 25% of patients, corresponding to those with low inhibin B at follow-up, may risk future
fertility problems despite surgery. In 85% of these patients, no compensatory elevated FSH was observed,



which may suspect a hypothalamus–pituitary–gonadal defect. It is an open question if these patients may
benefit from adjuvant gonadotropin treatment after orchidopexy.
In Paper IV, we included 35 consecutive boys with congenital nonsyndromic cryptorchidism (14%
bilateral disorder) who underwent orchidopexy during minipuberty before 160 days of age. By assessing
the fertility potential, we found G/T to be below the normal lower range of 26% (9/35). Two of these
had indications of endocrinopathy as no compensatory FSH could be demonstrated. Totally, 97%
exhibited a normal LH/FSH ratio. LH was more often above 97.5th percentile than FSH: 34% vs 3%.
Thus, reproductive hormonal profiles of the cryptorchid boys exhibited a normal mini-pubertal pattern.
In Paper V, we examined the parental acceptance rate of testicular tissue cryopreservation. We found that
90% of 41 parents of prepubertal boys with cryptorchidism gave consent to cryopreservation of testicular
biopsies during initial orchidopexy or as a second procedure. These parents gave consent despite their
knowledge that the efficacy of cryopreserved prepubertal testicular tissue for fertility preservation is
largely unproven and that the use of tissue may only be needed in about 20% of boys with bilateral
cryptorchidism. The high acceptance rate is important to highlight if cryopreservation should be
considered in clinical practice in the future.

In conclusion, this PhD project revealed new and important findings on the risk of later infertility in
cryptorchid boys. At the time of surgery within the recommended age range (6–12 months), about 20–
25% of infant boys with nonsyndromic cryptorchidism had a compromised fertility potential. Also, about
30% of boys with bilateral ascending testes displayed compromised fertility potential equivalent to that
seen in congenital cryptorchid testis at the same age.
Early bilateral orchidopexy, especially before 1 year of age, improved the fertility potential based on
follow-up inhibin B measurements, however, around 25% of the patients exhibited low inhibin B at
follow-up, and the majority of these had no compensatory increase in FSH.
The present studies contribute to the debate on whether early orchidopexy is sufficient for improving the
fertility outcome or if supplemental treatment modalities such as adjuvant hormonal treatment or
cryopreservation might be indicated in patients with suspected risk of later infertility. Based on our
pioneer study, parents may welcome new aspects of treatment for cryptorchidism. Future multidisci-
plinary research should expand our knowledge on adult gonadal function after early orchidopexy, test
efficacy of adjuvant hormone treatment for those at high risk of later infertility, and develop fertility
preservation approaches based on cryopreserved prepubertal testicular tissue.



Dansk Resum�e

Kryptorkisme, hvor �en eller begge testikler mangler i skrotum, forekommer hos 2–4% af alle fuldbårne
drenge og repræsenterer dermed en af de hyppigste medfødte misdannelser indenfor børnekirurgi. Den
kryptorke testikel er karakteriseret ved lavt antal og nedsat modning af germinalceller. Som konsekvens
heraf har disse drenge en øget risiko for senere infertilitet og testikelcancer i voksenlivet. Risikoen for
infertilitet er særlig høj ved bilateral kryptorkisme, hvor azoospermi kan konstateres i op til 18–46% af
tilfældene. For at minimere tab og beskadigelse af germinalceller anbefales tidlig korrigerende operation
(orkiopeksi) i alderen 6–12 måneder. Effekten af tidlig operation er dog kun sparsomt belyst. Ydermere
er mange aspekter af kryptorkisme fortsat omdiskuterede, herunder behandling af drenge med erhvervede
ascenderende testikler (ascensus af en skrotal testis i løbet af barndommen) og behandling af drenge med
særlig høj risiko for senere infertilitet. En bedre forståelse af histologiske og hormonelle fund hos drenge
med kryptorkisme kan muligvis bidrage til udviklingen af nye og individualiseret behandlingsmuligheder.
Denne afhandling er baseret på unikke data indsamlet ved orkiopeksi med henblik på en vurdering af
fertilitetspotentialet ud fra en analyze af histologiske og hormonelle parametre, herunder follikelstim-
ulerende-hormone (FSH), luteiniserende hormon (LH), testosteron og inhibin B.

Ph.d.-projektet havde til formål at analysere fertilitetspotentialet for tre grupper af kryptorke drenge, der
forventedes at have gode prognoser for senere fertilitet: drenge, der har fået foretaget tidlig orkiopeksi i
henhold til anbefalingerne (artikel I), drenge med erhvervet bilateral ascenderende testikler (artikel II),
samt drenge der er opereret før 6 månedersalderen (artikel IV). Et andet formål var at evaluere den
hormonelle effekt af operation hos drenge med bilateral kryptorkisme ved at bestemme præ- og
postoperative hormonniveauer og sammenligne dem med den histopatologiske status på operationstid-
spunktet (artikel III). Endeligt undersøgte vi, hvorvidt forældre til drenge med kryptorkisme ville
acceptere kryopræsevering af præpubertalt testikelvæv; en eksperimentel procedure, hvor en lille
testikelbiopsi fra en præpubertal dreng nedfryses og opbevares ved �80°C med henblik på bevarelse af
fremtidig fertilitet (artikel IV).

I artikel I evaluerede vi histologiske og hormonelle data fra 333 drenge med medfødt ikke-syndromisk
kryptorkisme (21% bilateral tilstand), som fik foretaget orkiopeksi indenfor den anbefalede alder. På
operationstidspunktet påviste vi, at 25% af drengene havde et nedsat antal af germinalceller per
tværskåret tubulus (G/T), og at 23% af drengene manglende type A dark (Ad) spermatogonier, der menes
at være stamceller for mandlige kønsceller og dermed er af afgørende betydning for fremtidige fertilitet.
Desuden havde 21% af drengene inhibin B under 2,5th percentilen. Ud fra disse fund fandt vi, at selvom
orkiopeksi udføres indenfor det første leveår risikerer op mod 25% af drenge stadig senere infertilitet. I
artikel II sammenlignede vi histologiske og hormonelle data fra 67 drenge med bilateralt ascenderende
testikler med 86 aldersmatchede drenge med medfødt bilateral kryptorkisme, der var henvist i sen alder.
Fertilitetspotentialet i de to grupper var nedsat i næsten samme grad. Vi fandt, at den gennemsnitlige G/T
var under den normale nedre grænse i 60% vs 66% af tilfældene, et bilateralt fravær af Ad
spermatogonier i 31% vs 35% og nedsat inhibin B i 13% vs 15% af tilfældene, hvilket indebærer, at
mindst 30% kan være i risiko for infertilitet. Det taler for, at orkiopeksi bør udføres af ascenderende
testikler umiddelbart efter diagnosen og understreger betydningen af kliniske undersøgelser af drenge for
erhvervet kryptorkisme. Især bør drenge med retraktile testikler følges regelmæssigt, da sådanne testikler
har øget risiko for ascensus.
I artikel III undersøgte vi en kohorte af 208 drenge med bilateral kryptorkisme (medianalder 1,7 år), der
fik foretaget orkiopeksi med vurdering af fertilitetspotentialet samt etårs opfølgning med hormonværdier.
Baseret på inhibin B forbedrede operation fertilitetspotentialet for drenge med bilateral kryptorkisme.
Særligt de drenge, der fik foretaget orkiopeksi før etårsalderen, fik betydelig forbedring i inhibin B med
signifikant forskel mellem præ- og postoperativ inhibin B. Dog risikerer omkring 25% af drengene,



svarende til dem med lav inhibin B ved opfølgning, fremtidige fertilitetsproblemer trods operation. Hos
85% af disse drenge blev der ikke observeret forhøjet kompenseret FSH, hvilket kan give mistanke om
en defekt af hypothalamus-hypofyse-gonadal aksen. Det er fortsat til debat, om disse patienter kan have
gavn af supplerende hormonbehandling.
For at vurdere fertilitetspotentialet blandt drenge, der er opereret i minipuberteten (2–5 månedersalderen),
blev 35 drenge (14% bilaterale) inkluderet i artikel IV. Vi fandt, at ni drenge havde nedsat G/T, hvoraf to
af disse drenge havde nedsat FSH, lavere end eller blot lige over 2,5th percentilen, trods nedsat G/T.
Generelt, havde 97% af drengene en normal LH/FSH ratio. LH var oftere højere end 97,5th percentilen
end FSH: 34% vs 3%. Langt de fleste drenge havde en normal minipubertetsprofil.
Som et pilotstudie undersøgte vi i artikel V, hvor ofte forældrene accepterede, at deres søn fik foretaget
eksperimental kryopræservation af testikelvæv. Vi fandt, at 90% af 41 forældre til drenge med
kryptorkisme ønskede kryopræservering af testikelbiopsier, som en sekundær procedure eller i forbindelse
med orkiopeksi. Forældrene var fuldt informerede om, at det endnu ikke er afklaret, om kryopræserveret
præpubertalt testikelvæv kan anvendes til at erhverve fertilitet som voksen, og at det sandsynligvis kun
bliver nødvendig for omkring 20% af drengene, som blev opereret for bilateral kryptorkisme. Den høje
acceptrate i dette studie kan få betydning, hvis kryopræservering bliver en del af klinisk praksis i
fremtiden.

Ph.d.-projektet præsenterer nye og vigtige fund, der er relevante for vurderingen af senere infertilitsrisiko
for drenge med kryptorkisme. Omkring 20–25% af drenge med ikke-syndromisk kryptorkisme, der blev
opereret indenfor den anbefalede alder (6–12 måneder), havde et nedsat fertilitetspotentiale. Ydermere
blev der påvist et nedsat fertilitetspotentiale hos omkring 30% af drenge opereret for bilateralt
ascenderende testikler ligesom hos drenge opereret for medfødt kryptorkisme i tilsvarende alder. Tidlig
bilateral orkiopeksi, især før etårsalderen, viste det bedste fertilitetspotentiale vurderet ud fra inhibin B.
Dog havde omkring 25% af drengene opereret omkring 1,7 års-alderen, et lavt inhibin B 1 år efter
operation, og størstedelen af de drenge havde ikke kompensatorisk forhøjet FSH.
De foreliggende undersøgelser bidrager til debatten om, hvorvidt tidlig orkiopeksi er tilstrækkeligt for at
forbedre fertilitetspotentialet, eller om supplerende behandling såsom hormonbehandling eller kry-
opræservering bør overvejes for drenge med høj risiko for senere infertilitet. Pilotstudiet belyser, at
forældre er imødekommende overfor kryopræservering, som kan lede forskningen ind på endnu uprøvede
behandlingsmuligheder ved kryptorkisme. Fremtidig multidisciplinær og tværfaglig forskning skal udvide
vores viden om fertilitetspotentialet hos voksne mænd efter tidlig orkiopeksi, teste effekten af
supplerende hormonbehandling og udvikle nye fertilitetsbevarende teknikker til præpubertale drenge ved
kryopræserveret testikelvæv.
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INTRODUCTION—THE SCOPE OF THE

PROBLEM

Cryptorchidism (from the Greek “hidden tes-
tis”) is the failure of descent of one or both
testes to the scrotum [1,2]. In the western
world, about 2.5% of all boys undergo surgery
for cryptorchidism, thus it remains one of the
most common surgical procedures performed
in boys [3,5,4].
In general, cryptorchidism is considered a

mild anomaly, but it can have serious effects
on men’s health in adulthood as it represents
the best-characterized risk factor for infertility
and testis cancer. Men with a history of cryp-
torchidism make up around 20%–27% of
azoospermic men [6,7]. Men with former bilat-
eral cryptorchidism have significantly lower
paternity rates (65%) in comparison to men
with former unilateral cryptorchidism (90%)
and control men (93%) [8,9]. In addition, such
patients have a greater risk of testicular neo-
plasia than the general population [10–15].
Nowadays, early surgical correction is the

gold standard for cryptorchidism with the pro-
spects of minimizing germ cell loss and dam-
age. The Nordic consensus on the treatment of
cryptorchidism advocates for surgery starting
at 6 months and preferably performed by
12 months of age [16]. The European Associa-
tion of Pediatric Urology recommends orchi-
dopexy from 6 months and within the
subsequent year, by 18 months at the latest
[17,18], whereas the American Urological

Association advises orchidopexy between 6
and 18 months of age [2]. However, the effect
of early orchidopexy has sparsely been evalu-
ated, and surgery in childhood does not guar-
antee subsequent fertility and paternity [19-22].
Consequently, an important issue is how to
identify prepubertal boys with cryptorchidism
at high risk of infertility at surgery and moni-
tor testicular function after surgical treatment.
Moreover, it is a challenge to identify and
treat boys who develop cryptorchidism after
birth.
The intention of this thesis is to increase

knowledge of the fertility potential in boys
with cryptorchidism. Testicular histology with
pathohistological grading together with the
status of reproductive hormones obtained at
the surgery are markers of importance for
future fertility (the fertility potential), whereas
the status of reproductive hormones can be
followed to monitor testicular function after
treatment. This unique data can help clinicians
identify those patients with a high risk of
infertility, which is the first step to potentially
changing our approach and management.
The main treatment goals for boys with cryp-

torchidism are to give them the ability to father
biological children and avoid testicular cancer.
However, this might not be achievable by early
surgical intervention alone. If there is an under-
lying endocrinopathy resulting in a low number
of germ cells and inadequate germ cell matura-
tion, simply repositioning the testis into the
scrotum will not correct the endocrinopathy.
Hence, supplementary treatment should be con-
sidered for boys with evident hypoplasia of
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germ cells and malfunctioning of the hypothala-
mic–pituitary–gonadal axis. Moreover, if the
boy has a severely decreased number of germ
cells, it may be valuable to offer testicular tissue
cryopreservation of the early germ cells, while
they are still present.

TESTICULAR DEVELOPMENT

Development of germ cells

One may advocate that germ cells are the most
unique and precious cell type of the human
body. They not only proliferate and differenti-
ate but also are the only cell type to undergo
meiosis to produce haploid gametes, having the
ability to give rise to each subsequent genera-
tion. Testicular cells serve a crucial role in germ
cell differentiation and maintenance including
the production of reproductive hormones.
The production of the haploid spermatozoa

is a highly complex process, in preparation for
embryonic life involving the migration of the
bipotential primordial germ cells to the forma-
tion of fetal, neonatal, and prepubertal germ
cells, which further develops from puberty and
continues through the renewal and division of
spermatogonial stem cells (SSCs) to produce
spermatozoa by meiosis.

Prenatal development – The sex-specific devel-
opment of the male germline initiates around
6–7 weeks post-conception with the expression
of sex-determining region Y (SRY) and SRY-
box transcription factor 9 (SOX9) in the gona-
dal somatic cells (pre-Sertoli cells), inducing the
formation of seminiferous cords with Sertoli
cells [23-25]. With their formation, Sertoli cells
start to synthesize anti-M€ullerian hormone
(AMH), which inhibits M€ullerian duct develop-
ment and thereby prevents female development
[24]. At this point, primordial germ cells are
settled in the gonadal ridge and are now com-
monly referred to as gonocytes, where they
begin to differentiate and proliferate populating
the seminiferous cords along with Sertoli cells.
In this thesis, the term gonocyte covers all germ
cells after they become residents in the develop-
ing testis [24]. Other classifications of gonocytes
and fetal germ cells, for example, pro- or pres-
permatogonia have been proposed [26,27] but
no ubiquitous consensus regarding terminology

has been reached. Leydig cells begin to appear
within the interstitial of the testis around week
9 post-conception [23,24]. They secrete testos-
terone and other factors critical for germ cell
differentiation and testicular development such
as insulin-like-3 hormone (INSL3). Surround-
ing the seminiferous cords lie peritubular myoid
cells, factor-secreting muscle cells, that can be
recognized at week 12 post-conception [23,24].
During the first trimester, gonocytes are

mitotically active forming a quite homogenous
cell population expressing markers typical of
pluripotent cells including primordial germ
cells such as KIT proto-oncogene (c-KIT),
octamer-binding transcription factor 3/4 (Oct3/
4, also known as POU5F1), lin-28 homolog A
(LIN28), homeobox protein Nanog (NANOG),
anti-podoplanin M2A antigen (D2-40, also
referred to as M2A), and placental alkaline
phosphatase (PLAP) [23,24,28,29,30,31,32].
This suggests that gonocytes are quite equiva-
lent to primordial germ cells, both presenting
the distinctive morphology of being large circu-
lar cells with a prominent nucleus containing
one or two nucleoli surrounded by a spherical
shape cytosol [26,33]. Gonocytes occupy the
center of the lumen-less seminiferous cords and
are easy to distinguish from the associated Ser-
toli cells (Fig. 1B). Based on stereological esti-
mations of 50 fetal human testes, the number
of germ cells increased from a mean of 3.700 to
1.417.000 from 5 to 19 weeks post-conception
[34].
Toward the end of pregnancy, the majority

of fetal germ cells lose mitotic activity together
with the pluripotency and fetal markers start-
ing to form different germ cell subpopulations.
They transform into fetal spermatogonia
which are larger, flattened cells located on the
basement membrane [1]. Simultaneously, they
begin to express additional germ cell-specific
markers such as melanoma-associated antigen
A4 (MAGE-A4), dead-box helicase 4 (DDX4;
also known as VASA), and deleted in
azoospermia like (DAZL) [28,30]. In support
of this, Li et al. [30] studied testes from 12
human fetuses ranging from 4 to 25 weeks of
gestation for single-cell RNA sequencing and
grouped fetal germ cells into three clusters:
“migrating,” “mitotic,” and those entering
“mitotic arrest.” The cluster of the “migrat-
ing” fetal germ cells was dominated by the
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expression of Oct3/4, NANOG, Sal-like 4 pro-
tein 4 (SALL4) whereas the “mitotic” fetal
germ cells expressed the same but in addition
VASA and DAZL.
From week 9 and onwards, “mitotic arrest”

fetal germ cells appeared to have similar
expression patterns, but weaker for Oct3/4 and
NANOG and stronger for VASA and DAZL
in addition to new markers. Importantly, in
the testis from an 18-week of gestation fetus,
VASA-positive germ cells were distributed
more in the peripheral zones of the seminifer-
ous tubules in contrast to the Oct3/4-positive
germ cells. Altogether, this supports the notion
that male fetal germ cells develop through
stages of migration, mitosis, and cell-cycle
arrest.

Postnatal development – Postnatally, the germ
cells continue to undergo further differentia-
tion and migration toward the basement mem-
brane of the seminiferous tubule. After
migration, the morphology of germ cells is dis-
tinctly different forming the spermatogonial
population, which consists of SSCs and other
non-stem cells progenitors (subtypes of sper-
matogonia, Fig. 1B,C). Three morphologically
distinct types of spermatogonia have been

classified, namely type A dark (Ad), type A
pale, and type B spermatogonia [35-37].
It is believed that gonocyte transformation

into type A dark (Ad) spermatogonia is an
essential step for the formation of the SSC
pool necessity for fertility [38,39]. In other
words, Ad spermatogonia are considered to
represent the SSC dividing to either self-renew
to maintain the SSC pool or give rise to the
Ap spermatogonia that may undergo one or
more divisions before giving rise to differenti-
ated B spermatogonia [36]. The nucleus of the
Ad spermatogonia is homogeneous dense and
dark with at least one rarefaction zone (chro-
matin-free cavity), which is distinguishable
from the lightly stained, coarser nuclei from
the other two types without the rarefaction
zones (Fig. 1A) [36,37,40].
Ad spermatogonia usually appear during

minipuberty, sharply increasing in number by
the age of 4–5 months and remaining largely
quiescent [41,42], until the boy enters puberty
where germ cell differentiation begins, truly
indicated by a transition capable of meiotic
division [24]. Studies have demonstrated that
some fetal germ cells seem to remain after
birth and along up to the first months of life,
as demonstrated by some germ cells positive

(A) (B)

(C) (D)

Fig. 1. Germ cell maturation. Schematic illustration of the postnatal germ cell maturational steps through
migration, morphological characteristics, and expression profiles. Histologically, the seminiferous tubules in
the infant boy does not have a lumen and are filled with Sertoli cells and germ cells. (A) HE-staining of testis
biopsy from an infant boy with cryptorchidism illustrating the typical morphological characteristics of sper-
matogonia, arrow (B) in PLAP-staining, and (C, D) ad spermatogonia, arrowhead.
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for the maintaining markers D2-40, Oct3/4, c-
Kit, and NANOG [43-47]. Kvist et al. [44,45]
found positivity for D2-40 in germ cells up to
6 months of age, Oct3/4 up to age 6 and
9 months, and c-Kit up to 11–16 years during
puberty. Gonocytes that fail to migrate to the
basement membrane and differentiate normally
undergo apoptosis and are cleared from the
seminiferous epithelium, which presumably
takes place during minipuberty until 1 year of
age [37,48,49].
The importance of Ad spermatogonia has

been supported by follow-up demonstrating
their link with fertility outcomes [39,50]. Ad
spermatogonia are sometimes positive for
PLAP and undifferentiated embryonic cell tran-
scription factor 1 (UTF1) [51,52], however, no
specific marker for only Ad spermatogonia
exists [53]. More recent publications including
novel omics techniques have made attempts to
assign spermatogonial subtypes into a hierarchi-
cal organization or functional stages
[30,46,54,55], indicating that SSC might have
more complex physiology than previously
assumed. But despite these efforts to widen the
landscape of the testis, no specific marker and
unequivocal definition of the prepubertal
human SSC have been made. Therefore, the
morphological criteria for identifying Ad sper-
matogonia have been used in the present
thesis.
Transformation of spermatogonia to pri-

mary spermatocytes usually begins around the
age of 3–4 years [37,38]. During childhood, the
germ cells express various different markers,
such as c-KIT, UTF1, PLAP, MAGE-A4,
VASA, and fibroblast growth factor receptor 3
(FGFR3) but normal materials during the pre-
pubertal period are sparse [44,47,55].

The prepubertal testis

Germ cells together with Sertoli cells are most
prominent in the prepubertal testis. Sertoli
cells appear to have a more constant morpho-
logical and immature appearance from birth to
11 years of age, in contrast to Leydig cells that
are more scarce and only seldom demonstrable
in the light microscopy after 2 years of life
[37,42,48].
The prepubertal testis may be regarded as a

quiescent organ but serves as a crucial period

for germ cell development. Given the highly
complex environment necessary for germ cell
development requiring delicate cellular
arrangement, cell-to-cell interactions, migra-
tion, mitosis, and possible endocrine factors,
the prepubertal period is highly sensitive and
at risk of being disturbed, which consequently
can lead to disease and infertility. Moreover,
proliferation and differentiation take place in
the prepubertal testis as the number of germ
cells varies a lot from mid-gestation toward
puberty [56].
During the period from week 28 of gestation

until around 3 years of life, a rise in the total
number of germ cells by a factor of 3 was
demonstrated during the first 100 days of life
with a maximum at 100–150 days of age and
followed by a decreased by a factor of 0.5 [49].
From the same materials, Sertoli cells increased
by more than a factor of five during the first
3 months of life to reach a steady density until
the onset of puberty where Sertoli cells
increased by a factor of 2 [57]. The postnatal
escalation of Sertoli cells elongates the seminif-
erous tubules and results in testicular growth
[58,59].
The histological parameter “number of germ

cells per cross-sectional tubule (G/T, also
referred to as S/T; ‘S” stands for spermatogo-
nia) has been used in the quantification of
germ cells and correlates with the number of
germ cells per cm3 testicular parenchyma [56].
Hence, G/T is a parameter of numerical den-
sity. Based on normal materials, it has been
demonstrated that G/T decreases slightly from
birth to 3 years of age, with the most rapid
decline during the first year, and then increases
afterward until 8 or 9 years with a small
decline or pause to then increase markedly
toward the puberty [37,56,60,61].
The prepubertal testis has two main func-

tions—the production of sex steroids and the
establishment and maintenance of the diploid
germ cells, essential for male genital differenti-
ation, growth, and future spermatogenesis. At
the onset of puberty, the organization of the
prepubertal testis changes dramatically as the
lumen occurs and Sertoli cells mature and
form the blood–testis barrier by compartmen-
talizing the seminiferous epithelium into basal
and ad luminal compartments [1]. These
changes enable spermatogenesis.

HILDORF
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The hypothalamic–pituitary–gonadal axis

The two pituitary gonadotropins follicle-
stimulating hormone (FSH) and luteinizing
hormone (LH) are the pivotal endocrine regu-
lators of these testicular functions controlled
by pulsatile secretions of gonadotropin-releas-
ing hormone (GnRH, also known as the
luteinizing-releasing hormone, LHRH) from
the hypothalamus. This system is coordinating
a tightly regulated feedback loop between the
hypothalamus, the anterior pituitary, and the
testes, the so-called hypothalamic–pituitary–
gonadal axis. Evidence suggests that early
stimulation of the testis is regulated by the pla-
cental human chorionic gonadotropin (hCG)
since hypothalamic control of gonadotropic
function is not operative until after the first
trimester [62,63].

Minipuberty – The hypothalamic–pituitary–go-
nadal axis is largely quiescent until the onset
of puberty, except for two brief transient acti-
vations; one during fetal life at mid-gestation
and a second activation at 2–5 months postna-
tally known as the minipuberty [64,65].
During minipuberty, circulating testicular

hormones reach high levels as seen in adults
[66]. The gonadotropins exert differential

targets on the compartments of the testes. LH
stimulates Leydig cells that secrete testos-
terone, along with glycoprotein mediators such
as INSL3, whereas FSH presumably targets
Sertoli cells to release inhibin B and anti-Mul-
lerian hormone (AMH) [67]. A Danish study
including reproductive hormone measurements
on 1840 infants (1041 boys and 799 girls) dur-
ing minipuberty showed that the LH concen-
trations overcome the FSH concentrations in
male infants, the opposite situation occurs in
females [68].
It is generally believed that minipuberty is

essential to prime germinal epithelium for sub-
sequent germ cell maturation as well as expan-
sion since the transient peak is associated with
increased proliferation of Sertoli cells, Leydig
cells, and germ cells [42,48,49,57,69]. Of
importance, it is believed that minipuberty is
essential for the gonocyte transformation into
Ad spermatogonia [48,70]. Moreover, the post-
natal surge of testosterone is believed to be
associated with a rapid increase in penile
growth, testicular volume, and anogenital dis-
tance [65,71,72]. Despite the presence of high
testosterone and FSH, spermatogenesis does
not progress since immature Sertoli cells are
devoid of androgen receptors. Minipuberty
may also have an important impact on

Fig. 2. The hypothalamic–pituitary–gonadal axis. Schematic presentation of the function and regulation of
the male hypothalamic–pituitary-gonadal axis. (A) the concentrations of reproductive axis hormones during
minipuberty.
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secondary sex characteristics and other biologi-
cal functions [65,73].
After 6 months of age and through child-

hood, LH and testosterone decrease to very
low or undetectable concentrations [66]
(Fig. 2). FSH and inhibin B also decrease but
remain clearly detectable throughout child-
hood [66] (Fig. 2). In contrast, AMH remains
rather high during childhood [74] until it
decreases in puberty [75].

Testicular descent

The normal process of testicular descent is
multi-staged and complex involving the inter-
play of anatomical and hormonal factors [76].
The current theory generally focuses on hor-
monal aspects and divides testicular descent
into two functional phases: the “transabdomi-
nal phase” with the migration of the testis
from the abdomen to the internal inguinal
canal and the “inguinoscrotal phase,” where
the testis enters the inguinal canal to reach the
bottom of the scrotum [24,77,78]. These find-
ings largely originate from animal models, but
the main steps can also be demonstrated in
humans in accordance with the widely
accepted two-phases theory [79,80].

Transabdominal phase – The testes begin their
descent around 8–10 weeks of gestation from
the lower kidney pole, where they are anchored
in position cranially by the cranial suspensory
ligament attached to the posterior abdominal
wall and caudally by the gubernaculum (also
known as the genitoinguinal ligament) (Fig. 3A)
[24]. During the transabdominal phase, the des-
cent of the testis is guided by these two liga-
ments, as the cranial suspensory ligament
regresses and the gubernaculum swells thus facil-
itating descent downwards (Fig. 3A).
According to animal studies, regression of

the cranial suspensory ligament is regulated by
androgens [81,82]. At the same time, the
gubernaculum enlarges by increasing its extra-
cellular matrix, mainly glycosaminoglycans
and hyaluronic acid, becoming bulky and
gelatinous [83,84].
Since the gubernaculum arises from the tes-

tis’ caudal segment and attaches close to the
future internal inguinal ring, its swelling grad-
ually moves the testis downward [24].

The proliferation and swelling of the guber-
naculum are influenced by the Leydig cell-
derived INSL3 [82,85,86], a peptide hormone
of an insulin-related gene family that can be
detected in human male amniotic fluid in the
second trimester during the transabdominal
phase [87]. The importance of INSL3 has been
demonstrated in rodents with depletion of
INSL3-receptor (RXFP2) and INSL3 knock-
out rodents associated with intraabdominal
testes and a “feminized” gubernaculum (which
is thin and elongated without proliferation and
swelling reaction) [82,86,88].
Besides INSL3, the gubernaculum might be

controlled by AMH produced by the Sertoli
cells, however, direct experimental evidence is
lacking. An argument against the role of
AMH is the observation that AMH-deficient
mice present normal testicular development
and descent [89].
The transabdominal phase may be com-

pleted as early as 15 weeks of gestation when
the testis is positioned close to the internal
annular ring, which allows a timely pause for
the gubernaculum to undergo extensive remod-
eling and further enlargement. Regression of
the cranial suspensory ligament is important,
but not the primary effector of transabdominal
descent. Namely, this phase may be indepen-
dent of androgens but is highly dependent on
INSL3 targeting the gubernaculum [24,78].

Inguinoscrotal phase – The subsequent migra-
tion through the inguinal canal and further
down to the bottom of the scrotum occurs
between 25 and 35 weeks of gestation [78-80].
During the transinguinal migration of the

testis, the gubernaculum gradually grows and
extends through the internal annular ring situ-
ated caudally, dilating, and forming the ingu-
inal canal thus allowing passage for the testis
(Fig. 3B). Aided by gubernacular protruding
and possibly the intraabdominal pressure dur-
ing enlargement of the abdominal cavity, the
testis is pulled downward [78]. During this
stage, a specialized peritoneal diverticulum
forms the processus vaginalis [24]. Moreover,
striated muscle fibers from the abdominal wall
and the genitofemoral nerve arising from the
lumbar plexus are carried downward with the
evagination to form the scrotal sac including
the cremaster muscle. Another downward pull-
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function has been suggested, evoked by the
rapidly growing cauda epididymis involving a
fusion between the testis and epididymis [90].
Recent studies have elucidated that the

major regulator of inguinoscrotal descent is
testosterone via possible actions; masculiniza-
tion of the genitofemoral nerve, stimulation
of processus vaginalis needed to constrict

the inguinal canal, and remodeling of guber-
naculum mediating downward migration
[78,91].
In particular, the inguinoscrotal migration is

believed to be highly dependent on androgen
stimulation of the genitofemoral nerve, which
secretes calcitonin gene-related peptide to pro-
vide chemotactic directional guidance for the

Fig. 3. (A) The normal descent of the testes. Illustration of key elements during the transabdominal phase,
which is dependent on insulin-like 3 hormone (INSL3). The solid lines relate to the most evident and essential
hormonal signals, whereas the dotted lines represent more uncertain and probably weaker signals. (B) The
normal descent of the testes. Illustration of the key elements during the androgen-dependent inguinoscrotal
phase.
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gubernacular expansion, growth of the cremas-
ter muscle, and expansion of vaginal processus
[91-93].
Testicular descent is completed by regression

of the gubernaculum to its final position
within the scrotum around 35 weeks of gesta-
tion [24]. The human gubernaculum may
regress fully but can often clearly be defined at
orchidopexy as a remnant or sometimes as a
thick conical structure adherent to the base of
the testis and epididymis (Fig. 4). During
infancy, the cranial portion of the processus
vaginalis is usually obliterated resulting in a
discrete remnant sac, the vaginal tunic (or
tunica vaginalis), but it is not rare for the

entire vaginal process to remain patent leaving
a connection between the abdominal cavity
and the scrotal sac [24].
The essential physiological feature of the

scrotal position for the testis refers to a spe-
cialized, low-temperature environment (3°–5°
cooler than abdominal temperature) with ther-
moregulation by the cremaster muscle [24,94].

CRYPTORCHIDISM

Cryptorchidism, “undescended testis,” “reten-
tio testis,” and “maldescended testis” are terms
synonymously used to define incomplete

Fig. 4. The gubernaculum. What the gubernaculum can look like at orchidopexy in an 11-months old patient
with right-sided cryptorchidism. In this patient, the gubernaculum is a bulky and fibrous structure connected
to the caudal pole of both the testis and epididymis, which is covered on all sides by a peritoneum except the
posterior where the vessels and ductus deferens pass. (published after consent received from the boy’s par-
ents).

(A) (B)

Fig. 5. Cryptorchidism. Two 10-months old boys with unilateral congenital cryptorchidism, (A) left-sided and
(B) right-sided and non-palpable, where the testis was located within the inguinal canal verified by laparo-
scopy. (Published after consent was received from the boy’s parents.)
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descensus of the testis from an intraabdominal
position into the scrotal sac [1]. The term cryp-
torchidism is from the Greek “kryptos”
(jqυpsός) and “orchis” (ὄqvις) meaning “hid-
den” and “testis,” respectively (Fig. 5).

Prevalence

The prevalence of cryptorchidism is age-depen-
dent and can vary between countries and cen-
ters as the definition of cryptorchidism differs
(Fig. 6), however, a figure of 1–4% at birth in
full-term and normal weight (>2500 g) boys
are generally accepted [3,5,95,96].
According to a systematic review of 46 stud-

ies between 1934 and 2006, the rate of cryp-
torchidism at birth in term and/or birth weight
>2500 g infants varied from 1% to 4.6%,
whereas the rate was a lot higher among pre-
mature and/or birth weight <2500 g infants
varying from 1.1% to 45% [96]. Congenital
cryptorchidism may resolve spontaneously
during the first months of life probably due to
minipuberty [97,98]. Hence, the prevalence is
lower among boys at 1 year of age with a

prevalence of 1–1.5% in term and/or birth
weight >2500 g infants [96]. The prevalence of
cryptorchidism increases after 1 year of age
due to acquired forms of cryptorchidism with
rates as high as 7% around 7 years of age [99]
(Fig. 6). At 15 years of age, the prevalence
decreases to 1.6–2.2% [96]. Using the most
quoted figure of 1–4% at birth, it can be
assumed that about 624 Danish boys (with a
mean of 2%) were born with cryptorchidism
in 2020 (out of 31.175 boys born that year,
range between 312 and 1247) (Statistics Den-
mark, 2020).

Subtypes of cryptorchidism

The diagnosis of cryptorchidism is settled by
physical examination with palpation. The
physician often distinguishes between a non-
palpable testis and a palpable testis. Approxi-
mately 70% of cryptorchid testes are palpable
[100]. An ultrasound investigation or other
imaging is not a part of the current recommen-
dations for diagnosis [2,16,17]. An unde-
scended testis usually lies along the normal

Fig. 6. Prevalence of cryptorchidism. The reported prevalence (%) of cryptorchidism in relation to the age of
the boys. Source from Thorup et al. [5].
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pathway of testicular descensus, see Fig. 7, or
can more rarely, be ectopic. Failure of the tes-
tis to normally descend can occur bilaterally,
which is observed in approximately 23% of
operated cases, as reviewed in a total of 2150
boys including seven studies [4].

Congenital cryptorchidism – Congenital cryp-
torchidism is usually found at the first physical
examination of the newborn after birth or at
routine pediatric examinations by the general
practitioner. The Danish healthcare system is
publicly funded and accessible to all Danish
citizens with high adherence to the seven pedi-
atric examinations at 5 weeks, 5 months,
1 year, and then every year up to 5 years of
age. Any boy suspected of cryptorchidism
should be referred to a pediatric surgeon or
urologist for final diagnosis and treatment,
preferably within the first 6–12 months, or
18 months of life [2,16,17]. Thus, referral
already at the recognition of the condition
before 5–6 months of age is, in most cases,
preferable allowing internal hospital check-up
for awaiting spontaneous descent consequently
avoiding ill-fated waiting time for surgical
treatment [101].

Other subtypes – Cryptorchidism is not solely
a congenital disorder since acquired forms
diagnosed in infancy and childhood also exist.
This is reflexed in the reported bimodal distri-
bution of age at surgery for orchidopexy [102-
105].
An “ascending” testis represents an acquired

form of cryptorchidism in which a scrotal tes-
tis later ascents into a cryptorchid position
during infancy (typically after 1–2 years of
age) and cannot be manipulated into a stable
position in the scrotum anymore [106-108].
The frequency of ascending testis of all oper-
ated cases has been reported to range from
20% to 70% [104,106,108,109]. Boys with
spontaneously resolved congenital cryp-
torchidism or retractile testis have a higher
rate of ascent. A 32% risk of ascent has been
reported among boys with retractile testis
[110].
In boys with retractile testis, pronounced (or

hyperactive) cremaster reflex may retract testes
to the upper part of the scrotum, or suprascro-
tal, even though the testicular cord allows the

testes to be manipulated into the scrotum. It is
important to distinguish between ascending
testis and retractile testis, since the latter may
be a normal variant that can be settled at a
stable scrotal position without tension until
cremaster reflex is induced.
The existence of acquired forms of cryp-

torchidism in addition to the congenital form
adds to the complexity of the evaluation of
cryptorchidism. In addition, some surgeons
propose that a high scrotal or “gliding” testis
should be regarded as a part of the spectrum
of cryptorchidism, which is characterized as a
testis that is located below the external ring
and can be brought through the scrotal
entrance into the upper half of the scrotum
but tends to ascend to its original position
[111,112]. It refers to an unstable testis where
further traction toward the scrotum may cause
pain. The gliding testis is not a well-defined
subtype and is not mentioned in the guidelines.
Finally, secondary testicular ascent can be a
complication of inguinal herniorrhaphy or
hydrocelectomy resulting in an iatrogenic cryp-
torchid testis. Presumably, the mobile prepu-
bertal testis may mechanically slip out of its
scrotal position and becomes trapped in scar
tissue after groin surgery in an abnormal posi-
tion above the scrotum [113].
Finally, congenital monorchism or absent

testis can be identified in around 4–10% of all
boys with cryptorchidism [17,100,114]. Con-
genital monorchism is considered a condition
in which an initially normal testis in intrauter-
ine life has subsequently atrophied and disap-
peared partially (defined as testicular
regression syndrome) or completely, a van-
ished testis [115]. Consequently, a vanished tes-
tis is characterized by blind-ending of ductus
deferens and vessels (also known as the vanish-
ing testis syndrome) with complete regressed
testis, whereas testicular regression syndrome
is anatomically characterized by a remnant or
nubbin at the terminal end of the spermatic
cord with no macroscopically identifiable tes-
ticular tissue. The absence of a viable testis is
usually unilateral and assumed to be caused by
testicular agenesis or a traumatic/catastrophic
event such as perinatal testicular torsion or
infarction [116]. The contralateral testis is
likely to enlarge beyond the normal size for
age due to compensatory testicular
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hypertrophy [117,118], which also can be
reflected by serial sets of inhibin B measure-
ments indicating a functional compensation
[115,119]. When evaluating studies on materi-
als of boys with cryptorchidism, it is crucial to
be aware of what subtypes are included. Espe-
cially when the interpretation of results is gen-
eralized.

Etiology and risk factors

The etiology of cryptorchidism is partly
unknown but believed to be multifactorial with
a combination of anatomical, endocrinological,
environmental, and genetic factors. Under-
standing the relationship between hormonal
factors and anatomical structures, such as the
cranial suspensory ligament, gubernaculum,
and the transinguinal migration, is vital to the
comprehension of how cryptorchidism can
occur (see background on normal testicular
descensus).
Given the crucial importance of Leydig cell

hormones in the process of normal testicular
descent, disturbance in the hormonal balance
might be involved in the etiology of cryp-
torchidism [120-122]. Congenital hypogo-
nadotropic hypogonadism is a condition
characterized by GnRH or gonadotropin defi-
ciency and can result in cryptorchidism lacking
sufficient FSH and LH at birth [123,124].

Based on anatomical findings, some claim that
cryptorchidism can be caused by disturbances
of fusion between the testis and epididymis
[90,125], however, clinical data may argue
against it [126]. An incomplete disappearance
of processus vaginalis can result in a fibrous
remnant within the spermatic cord that cannot
elongate with age has been a suggested cause
for the ascending testis [92,127]. Also, an
abnormal gubernaculum insertion site or an
endocrine deficiency have been suggested as
etiological factors, especially for ascending tes-
tis [128-130]. A recent study claim that the eti-
ology of ascending testes involves similar
operative findings as to the congenital condi-
tion, suggesting that ascending testis is a con-
genital condition and is first noticeable with
the child’s growth [131].
A markedly higher incidence of cryp-

torchidism can be found among boys who are
born small for gestational age, which suggests
that the intrauterine environment plays an
important role in the development of cryp-
torchidism [105,132,133,134]. Other risk fac-
tors of importance relate to overall maternal
health and lifestyle characteristics during preg-
nancy including overweight (during and
prepregnancy), smoking, gestational diabetes,
intake of paracetamol, and binge drinking epi-
sodes [135-140]. Few studies have indicated an
increased risk of cryptorchidism among sons

Fig. 7. The different locations of a cryptorchid testis. Illustration of normal pathway of testicular descensus
(black) and maldescensus leading to cryptorchidism (red). Cryptorchid testes are classified on the basis of their
position along the pathway of descent; high or low intraabdominal, inguinal including close to the internal or
external annular ring, suprascrotal, or ectopic involving an abnormal location outside the normal pathway.
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of mothers exposed to pesticides during preg-
nancy, for example, by farm residence or occu-
pation [141,142]. Moreover, environmental
compounds and chemicals mimicking the
actions of hormones may contribute to cryp-
torchidism as they can act as estrogens and
antiandrogens affecting the complex descent
process [143-145]. In this context, the interac-
tion of environmental and genetic factors may
lead to differences in the susceptibility of indi-
viduals to potentially adverse effects of the
endocrine disruptors [144]. Recently, a poten-
tial association between antenatal serum con-
centrations of phthalate metabolites and male
reproductive health in early adulthood has
been demonstrated [146], which is supported
by studies showing that phthalate exposure in
adult men has an adverse impact on testicular
function [147,148]. Finally, it has been hypoth-
esized that cryptorchidism can be part of a so-
called testicular dysgenesis syndrome, which
also comprises hypospadias, testicular germ
cell cancer, and a high risk of azoospermia
[145]. The founders of this theory propose that
testicular dysgenesis syndrome is a result of
endocrine-disrupting chemicals in the embry-
onal programming and gonadal development
during fetal life. However, the concept of tes-
ticular dysgenesis syndrome as a unitary entity
has also been questioned [149-151].
The genetics in cryptorchidism are complex

but certain genetic conditions and mutations
are associated with cryptorchidism modulating
the prevalence of cryptorchidism with interac-
tions in the gene–hormone–environment. For
example, the disorder of sexual development
and other conditions, for example, mutations
in the Kal1 gene (responsible for Kallmann
syndrome), in the INSL3 gene or receptor gene
(RXFP2), are associated with hypogo-
nadotropic hypogonadism and manifest Leydig
cell dysfunction including reduced production
of INSL3 and testosterone [124,143]. Accord-
ing to an Italian study, the frequency of
genetic alterations was low in a cohort of 600
cases (2.8%, 95% CI 1.7–4.5%) [152]. In this
study, Klinefelter syndrome was found in 8
cases (1.3%) as the only chromosomal anom-
aly, whereas five cases had mutations in the
RXFP2 gene (0.8%), two cases in the INSL3
gene, and two cases with androgen receptor
gene mutations (0.3%). More complex

syndromes including Downs syndrome, Prader
Willi, Noonan’s syndrome, prune belly syn-
drome, and persisting M€ullerian duct syn-
drome have cryptorchidism as a typical feature
[143]. Furthermore, cryptorchidism can be a
part of a caudal field defect linked with other
malformations and dysplasia of the kidneys,
ureters, and spine from T10 to S5 [153].
Lastly, familial predisposition influences the

risk of cryptorchidism. A large population-
based study observed increasing concordance
rates of cryptorchidism based on family rela-
tions: 3.2% (95% CI 2.7–3.6%) in boys with
no relation, 3.4% (2.3–4.7%) in paternal half-
brothers, 6.0% (4.5–7.7%) in maternal half-
brothers, 8.8% (8.3–9.8%) in full brothers,
24.1% (16.–34%) in dizygotic, and 27.3%
(16%–41%) in monozygotic twin brothers,
suggesting both unknown genetic, environmen-
tal, and maternal factors contribute to cryp-
torchidism risk [136,137].
The multifactorial etiology of cryptorchidism

involves a combination of anatomical,
endocrinological, environmental, and genetic
factors. Largely, cryptorchidism occurs as an
isolated condition without an association with
other anomalies or syndrome, referred to as
nonsyndromic cryptorchidism where the
underlying cause cannot be identified
[13,143,154].

Treatment

Over the last decades, the recommended age of
surgical correction for cryptorchidism has pro-
gressively decreased and today early orchi-
dopexy should ideally be performed soon as
possible after 6 months of age. In 2007, the
Nordic consensus on the treatment of cryp-
torchidism advocated that orchidopexy for
cryptorchidism should be performed between 6
and 12 months of age [16]. According to the
American Urological Association (AUA) and
European Association of Urology (EAU)/
European Society of Paediatric Urology, the
recommended age for orchidopexy is between
6 and 18 months of age [2,17,18], preferably
before 12 months in the European guidelines
[17,18].
The essence of early corrective intervention

is to (1) optimize the potential for fertility and
prevent infertility; (2) reduce the risk of
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testicular neoplasia; (3) eliminate the risk of
testicular torsion; and (4) alleviate cosmetic
concerns and in addition to allowing an early
diagnosis of neoplasm by self-palpation. Cur-
rent recommendations for early orchidopexy
are based on observational and follow-up
studies utilizing various metrics in adulthood
including paternity rates, semen samples, tes-
ticular volume, and hormonal reproductive
concentrations (mainly FSH and inhibin B) as
well as histological findings at orchidopexy
(mainly germ cell number) advocating that
early intervention is favorable for the repro-
ductive function. The only randomized trial
regarding age at orchidopexy is the prospective
study by [155] of 164 boys with unilateral
cryptorchidism who were randomized to
undergo orchidopexy at 9 months or 3 years.
One-year postoperative, a significantly larger
testicular volume and a significantly higher
number of germ cells and Sertoli cells per
tubule were demonstrated in the early orchi-
dopexy group when compared to the late
orchidopexy group.
Hormonal treatment to achieve testicular

descent has been used in the past but is not
currently recommended [2,16,17,18].

Possible supplementary treatment modalities

Clinically, one of the challenges regarding
patients with cryptorchidism is the lack of evi-
dence for the efficacy of treatment adjuvant to
surgery.

Adjuvant hormonal treatment – Since cryp-
torchidism can be associated with
endocrinopathy, adjuvant hormonal treatment
is relevant to consider. In recent years, there
has been considerable interest in the poten-
tial gonadotrophic effects of GnRH on the
testis, largely because of the potential thera-
peutic use for improving the fertility poten-
tial. This is based on the theoretical
rationale that a normal hypothalamic–pitu-
itary–gonadal axis is a prerequisite for germ
cell maturation and proliferation, particularly
the postnatal stimulation during minipuberty.
Hadziselimovic and Herzog [128] observed a
significant increase in the number of sperma-
tozoa, increased normal forms, and improved
motility of spermatozoa in men who after

surgery for cryptorchidism in childhood had
received Buserelin for 6 months in childhood
compared to those who had not.
The most recent clinical guidelines from the

EAU, presented at the annual congress 2021,
were in favor of the adjuvant use of GnRH to
improve the fertility potential in bilateral cryp-
torchidism [18]. However, they stated that the
identification of those boys who would benefit
from adjuvant hormonal treatment is very dif-
ficult. The Nordic Consensus group does not
recommend medical therapy for improving the
fertility potential [16]. The reluctance to rec-
ommend adjuvant treatment is related to the
past when hormonal treatment was used for
testicular descent, which was associated with
low success and inflammatory changes in the
testes and even reports of reducing the number
of germ cells [156,157].
The foregoing results strongly indicate that

adjuvant GnRH can be safe with no significant
adverse effects reported and efficacious by
improving fertility, particularly for those with
bilateral cryptorchidism [128,158,159,160,161,
162,163] (Table 1).
However, all the studies have limitations and

more high-quality randomized clinical trials are
needed in the future with specific identification
of subtypes and grades of cryptorchidism that
will benefit from the hormonal treatment. This
is a challenge. In a recent pilot study assessing
histology before and after hormone treatment,
our group showed that two out of five Kryp-
tocur�-treated boys after surgery for bilateral
cryptorchidism demonstrated normalized testic-
ular histology, including the average germ cell
count and the Ad spermatogonia count per
cross-sectional tubule [161]. Although this sam-
ple is very modest, we demonstrated important
results in agreement with Hadziselimovic et al.
[166] indicating that if germ cell count is below
0.2, most cryptorchid boys will develop infertil-
ity irrespective of whether they had only sur-
gery or adjuvant hormonal treatment.

Testicular tissue cryopreservation – It is now
possible to cryopreserve testicular tissue speci-
mens from prepubertal boys [167-169]. Cryop-
reservation of testicular tissue for a potential
fertility preservation strategy in prepubertal
boys has been given a great deal of interest
over the last decades, especially with the
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Table 1. Hormonal treatment for fertility potential. A list of the most recent studies testing adjuvant GnRH
treatment in boys with nonsyndromic cryptorchidism since 2005
Study
Design

Patients
(treated vs
surgery alone)

Age range Drug (trade name)
and dose

Timing and
evaluation

Outcome of
hormone treatment

Remarks

Fiala et al.
[158]

Prospective
randomized

36 unilateral
(21 vs 15)

2.5–3.5 months at
inclusion.

6 months at drug
treatment start
and
orchidopexy
within 12 months

Gonadorelin
(Kryptocur�)
i.n. 0.2 mg
(0.1 mL) 9 6
every day for
4 weeks

Pre-orchidopexy
Concentrations of
LH, FSH,
testosterone,
inhibin B, AMH,
penile size, and
testicular size
were evaluated at
3 months of age
and at
orchidopexy

No significant
effect on
hormonal
concentrations,
penile and
testicular size
(p > 0.05)

No side effects
(high dose to
infants)

Thorup et al.
[161]

Prospective
case–control

10 bilateral
(5 vs 5)

0.6–3.5 years at
orchidopexy.

Drug treatment
started 3 months
later

Cryopreservation
and second
biopsy
12 months later

Gonadorelin
(Kryptocur�)
i.n. 0.2 mg
(0.1 mL) 9 2
every second
day in
16 weeks

Post-orchidopexy
Histology before
and after: G/T (at
least 100) and Ad
spermatogonia
per cross-sectional
tubule (at least
250). Offered
cryopreservation
12 months after
primary
orchidopexy

Improved fertility
potential as 3/5
cases
normalized,
one of whom
lacked Ad
spermatogonia
at inclusion

No side effects
None of boys with
G/T < 0.2
improved
significantly,
whether they were
treated or not

Vincel et al.
[162]

Prospective
randomized

10 bilateral
(5 vs 5)

7–55 (median 20 vs
22 between the
two
groups) months
(p = 0.32) at
orchidopexy.

Drug treatment
immediately after
10–62
(median 27 vs 30)
months
(p = 0.18) at
second biopsy

Buserelin
(Suprefact�)
i.n. 10 lg every
second day in
6 months

Post-orchidopexy
Histology before
and after: G/T (at
least 100) and Ad
spermatogonia
per cross-sectional
tubules (at least
100)

At surgery, G/T
was similar
(p = 0.67)

Improved fertility
potential as G/
T increased
within the
treated group:
median 0.11 vs
0.43 (p = 0.03)
compared to
no change
found in the
surgery alone
group

Ad spermatogonia
only appeared
after treatment
(all lacked at
inclusion)

No side effects
Unknown and
non-authorized
dilution of
buserelin

Jallouli et al.
[159]

Prospective
randomized

24 unilateral
(12 vs 12)

21–110 (median 38)
vs 12–123
(34.5) months
(p = 0.27) at
the start of
drug treatment

Gonadorelin
(Kryptocur�)
i.n. 1.2 mg
every day for
4 weeks

Pre-orchidopexy
Histology: Ad
spermatogonia
per tubule (at
least 50)

Improved fertility
potential as
mean Ad
spermatogonia
per tubule was
greater: 0.88 vs
0.49
(p = 0.002)

Only significance in
boys treated after
3 years

No side effects

Zivkovic et al.
[165]

Prospective
case–control

55 unilateral
(32 vs 33)

1–7 years at the
start of drug
treatment

17/32: Buserelin
(Suprefact�)
i.n. 20 lg every
day for 28 days
+ hCG i.m.
1500 IU every
week for
3 weeks

15/32: received
hCG i.m.
1500 IU every
week for 3 weeks

Pre-orchidopexy
Histology: Ad
spermatogonia
per tubule (at
least 50)

Testosterone:
Before, 14 days
after Buserelin�,
24 h after each
hCG, and
3 months after
orchidopexy

Improved fertility
potential as
more treated
boys had a
number of Ad
spermatogonia
per tubules
above 0.1 with
53% vs 18%
(p = 0.019)

Those with normal
Ad
spermatogonia
count had better
sufficient Leydig
cell function by
testosterone
concentration
(p < 0.003)

No side effects
None-authorized
dilution of
buserelin
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increasing treatment success of pediatric can-
cers receiving gonadotoxic treatment. This is
very valuable, as sperm banking is not an
option.
Cryopreserved prepubertal tissue offers the

prospect of fertility restoration in adulthood
and is currently being offered to prepubertal
boys with a high risk of infertility in highly
specialized centers worldwide, although as an
experimental approach [168]. However,
despite significant progress, the strategy
remains under development and is far from
successful in humans. All steps require antici-
pation, timely preparation, and careful man-
agement, for example, strategies for a
favorable injection method for SSC trans-
plantation [170]. This great anticipation
emerges from the promising results of fertil-
ity restoration by autologous SSC transplan-
tation, testicular tissue grafting, and in vitro
spermatogenesis that have been achieved in
various animal species, all techniques capable
of producing healthy offspring [171-173].
Noteworthy, our group has demonstrated
that intact testicular tissues from infant cryp-
torchid boys tolerate cryopreservation and
are capable of in vitro proliferation maintain-
ing structural and functional characteristics
[174,175]. Therefore, we suggest that cryop-
reservation may be a possible treatment
modality for boys with bilateral cryp-
torchidism with severely impaired fertility
potential or after the failure of adjuvant hor-
monal treatment.

Long-term sequelae

The prime long-term concerns for patients
with cryptorchidism relate to the risk of malig-
nancy and infertility. Based on large series of
biopsies during the last centuries, it has been
shown that cryptorchid testes can be charac-
terized by hypoplasia, abnormal morphology,
and dysgenetic features, all leading to an
increased risk of disturbance in development
and later spermatogenesis [10,13,41,43,48,
60,164]. Importantly, cryptorchidism is associ-
ated with an abnormal maturation of germ
cells involving a diminished formation of Ad
spermatogonia [41,43], supported by the pro-
longed period in which immunohistochemical
germ cell markers are found in cryptorchid
testes [164]. Thus, gonocyte numbers were
higher in the cryptorchid testis during 6–
18 months of age and disappeared up to
6 months delayed compared to the contralat-
eral scrotal testis, implying a lack of progres-
sion to more mature germ cells [43,176]. The
deterioration of the germ cells progresses if the
testes are not placed in the scrotum [1]. Cryp-
torchidism encompasses a wide range of pre-
sentations (as reviewed under subtypes) that
may have varying impacts on testicular devel-
opment, function, and long-term sequelae.

Risk of malignancy – Testicular malignancy is
a complication of cryptorchidism [10,11,13,
177]. In 2013, a large meta-analysis including
more than 2 million men with isolated

Table 1 (continued)

Study
Design

Patients
(treated vs
surgery alone)

Age range Drug (trade name)
and dose

Timing and
evaluation

Outcome of
hormone treatment

Remarks

Schwentner
et al. [160]

Prospective
randomized

42 unilateral and
bilateral
(21:12
unilateral vs
21:9
unilateral)

11–100 (median 32)
vs 13–100 (47)
months
(p = 0.15) at
the start of
drug treatment

Gonadorelin i.n.
1.2 mg every
day for
4 weeks before
orchidopexy

Pre-orchidopexy
Histology: Ad
spermatogonia
per tubule (at
least 80)

Improved fertility
potential as
mean Ad
spermatogonia
per tubule was
greater: 1.05 vs
0.52
(p = 0.007)

Treated boys had
101.9% more
spermatogonia
per tubule

Best effect in
bilateral cases
(0.96 vs 0.56,
p = 0.005)

No side effects
Best effect within
the first year
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cryptorchidism in childhood found a relative
risk for testicular cancer of 2.9 (95% CI 2.2–
3.8) [11]. In 2017, our group reported a stan-
dardized incidence ratio of 2.7 (95% CI 1.5–
4.3) in a cohort study of 1403 men operated at
the median age of 11.8 years for cryp-
torchidism [13]. Histological changes of pro-
gressive degeneration and dysplasia in
cryptorchidism may influence the increased
risk of malignancy [13]. Cryptorchid boys with
chromosomal abnormalities, the disorder of
sexual development, and certain syndromes
lead to an increased risk of germ cell neoplasia
in situ [13,178]. Moreover, cases with intraab-
dominal testis and bilateral cryptorchidism
present a greater risk of malignancy [177,179].
In recent years, due to a shift in recommen-

dations for early surgical correction in infancy
or before 18 months of life, the figure for the
relative risk of malignancy in men with a his-
tory of cryptorchidism may be lower. Two
large registry studies on the association
between age at orchidopexy and testicular
malignancy indicated that lower age at orchi-
dopexy reduces the risk of testicular cancer
[14,15]. In fact, for every 6 months’ delay in
orchidopexy after 18 months up to 5.9 years
of age, there was a 6% increase in the risk of
testicular cancer (HR 1.06, 95% CI 1.03–1.08)
[15]. Thus, the risk of developing testicular
malignancy will not be eliminated by orchi-
dopexy in former cryptorchid patients, but it
appears to reduce the risk [180].

Risk of infertility – Infertility is an unfortunate
consequence for men with former cryp-
torchidism [181,182]. About 20–27% of men
with azoospermia (no spermatozoa in the ejac-
ulate) have a history of cryptorchidism [6,7].
In a series of 27 men treated surgically before
2 years of age (22%, 6/27 bilateral cases), 4
had azoospermia and 5 had severe oligosper-
mia (<59106 sperm cells/ejaculate) accounting
for 41% (11/27) of the cohort [39]. The
authors indicated better fertility outcomes in
boys operated on in the first year compared to
those surgically treated during the second year,
which agrees with a later study by Feyles et al.
[20]. Though, they found that 86% (44/53, 11
bilateral cases) had a normal sperm concentra-
tion (>15 million/mL) independently of previ-
ous hormonal treatment, presurgical position,

and uni- or bilaterality when operated within
the two first years. Another study including
only boys with bilateral cryptorchidism found
that even when it is treated before the age of
2 years, only 57% (8/14) had normal sperm
concentrations (>20 million/mL, normal forms,
and motility) [19]. When comparing semen
data within a fertility clinic for couple infertil-
ity between men with a history of cryp-
torchidism (n = 357, the median age at
orchidopexy 8.5 years) and without (n = 709),
cryptorchidism was inversely correlated with
testicular volume (p < 0.0001), sperm concen-
trations (p < 0.0001), and endocrine testicular
function (higher gonadotropins p < 0.0001 and
lower testosterone p = 0.003) [183]. Ultimately,
only 12% (16/135) of men treated for bilateral
cryptorchidism had normal sperm concentra-
tions (>15 million/mL). Azoospermia was
detected in 62/222 (28%) patients with unilat-
eral and 62/135 (46%) with bilateral cryp-
torchidism. Thus, the rate of azoospermia
(especially for unilateral cases) is much higher
in this cohort representing those men in couple
infertility treatment.
In a recent Danish cross-sectional study

including 6376 men (median age 19 years), of
whom 570 (9%) had a history of cryp-
torchidism, cryptorchidism was significantly
associated with impaired semen parameters,
except for semen volume, with a 28% (95%
CI 20–37) lower sperm concentration than
healthy controls [184]. Moreover, the men with
a history of cryptorchidism had impaired hor-
monal function with a 26% lower inhibin B/
FSH ratio and a slightly reduced Leydig cell
function (6% lower testosterone/LH ratio).
The study is excellent by including semen
parameters and reproductive hormones in
many young men, however, information
regarding laterality, age at orchidopexy, and
treatment modus (spontaneous descent, hor-
mone treatment, or surgery) was scarce and
obtained by retrospective self-reporting, which
might have introduced misclassification due to
lack of recall accuracy. Nonetheless, no differ-
ences between former unilateral and bilateral
cases were detected in any of the parameters in
available data (unilateral n = 203 vs bilateral
n = 126).
According to available follow-up studies of

men treated for unilateral cryptorchidism, the
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reported prevalence of azoospermia ranges
from 0% to 14%, the lower rates being quite
similar to findings in the general population
[9,21,185,186,187,188,189,190]. However, com-
parison data from the general population also
include men with a history of cryptorchidism,
and as 2.5% of boys in the western world
undergo surgery for cryptorchidism and about
5% exhibit cryptorchidism in at least some
years, findings similar to the general popula-
tion does not exclude the impact of cryp-
torchidism on azoospermia. Several studies
which investigated fertility outcomes in cases
of unilateral vs bilateral cryptorchidism have
generally detected a worse outcome in men
with a history of bilateral cryptorchidism
[8,21,179,183,188,189,190]. Undoubtedly,
untreated bilateral cryptorchidism results in a
high, up to 89%, incidence of azoospermia
[1,21]. The incidence of azoospermia in men
with former bilateral cryptorchidism has
been detected between 10% and 46% [19,21,
179,187,188,190]. Cryptorchidism is a hetero-
geneous disease that can cause deleterious
effects on reproductive parameters.
Retrospective studies have assessed pater-

nity and use of assisted reproductive tech-
nologies rates in cryptorchid boys to evaluate
fertility. An Australian population-based
study of 350.835 men found that those with
former cryptorchidism (n = 7499) had a 21%
decreased likelihood of paternity (adjusted
hazard ratio 0.79, 95% CI 0.74–0.85), which
proved to be related to the age at orchi-
dopexy as a 1% reduction (relative risk 0.99,
95% CI 0.98–0.99) in paternity was found for
every 6 months’ delay in surgery from
18 months up to 5.9 years of age [15]. Men
with former bilateral cryptorchidism had
lower paternity rates compared to unilateral
cases. This is in agreement with Lee and
Coughlin [8] who reported significantly lower
paternity among men with former bilateral
cryptorchidism (65%, n = 88) in comparison
to unilateral (90%, n = 609) and control men
(93%, n = 708). Moreover, it appears that
men with former cryptorchidism are in need
of assisted reproductive technologies more
than the general population. Schneuer et al.
[15] found that the men had a two-times
increase in the use of assisted reproductive
technologies for male factor infertility than

unaffected men (adjusted relative risk 2.26,
95% CI 1.58–3.25). Again, for boys who
underwent surgery for cryptorchidism in the
age interval 18 months up to 5.9 years of
age, a delay in orchidopexy (for every
6 months) increased the risk of needing
assisted reproductive technologies by 5% (rel-
ative risk 1.05, 95% CI 1.03–1.08).
In this context, the big issue when reviewing

and comparing the fertility outcomes of men
with the previous orchidopexy in childhood
relates to the fact that all materials are selected
and comprised of patients with cryptorchidism
representing different subtypes of the disease
spectrum. In addition, even the definition of
infertility, paternity rate, and semen analysis
may differ between studies.

The rationale for the fertility potential assessment

In this thesis, assessment of the fertility poten-
tial at the time of surgery in childhood is
quantitated by histological parameters by G/T
and the number of Ad spermatogonia per
tubular cross-section (AdS/T) as well as simul-
taneously FSH, LH, and inhibin B, which is
the assessment method of our group
[115,135,161,191,192,193,194,195,196,197,198].
Importantly, all parameters are evaluated
according to age. The rationale behind assess-
ing the fertility potential assessment is
explained in the following paragraph:

G/T – Our group matched histological findings
of the testes from 67 patients who had under-
gone bilateral orchidopexy (median age
13.2 years, range 10.6–15.9 years) with their
fertility outcome. Significantly, the mean G/T
at the time of surgery was correlated with later
sperm concentration, total testicular volume,
and FSH in adulthood [199]. A normal mean
G/T meant that 100% (95% CI 29–100) of
such boys would later have at least 20 million
sperm cells/mL. On the contrary, there was a
high risk of subsequent infertility if a biopsy
revealed less than 1% of the lowest normal
age-related G/T. If bilaterally, the risk of later
infertility (not possible to fecundate without
assisted reproduction) was 100% (95% CI 66–
100) as none of nine such patients had more
than 1 million sperm cells/mL and lacked nor-
mal motility [199], whereas if such finding was
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unilateral, the risk of infertility was 73% (95%
CI 45–92) since 11 of 15 such patients had less
than 2 million sperm cells/mL and lacked nor-
mal motility [1].
Our group also matched histological findings

of the testes from 65 patients who had under-
gone unilateral orchidopexy (median age
10.8 years, range 2.9–11.9 years) with their fer-
tility outcome. If a biopsy revealed less than
1% of the lowest normal age-related G/T at
surgery, later experience of infertility was sus-
pected by 33% (95% CI 12–62), as five out of
15 men had not more than 5 million sperm
cells/mL and lacked normal motility [185].
However, there was no correlation between the
age-related G/T and the later sperm concentra-
tion [185]. Nonetheless, the age-related G/T
was somewhat prognostic for the later fertility,
being correlated with total testicular volume in
the adult patients [185]. When the semen data
from the bilateral and the unilateral cryp-
torchid patients were pooled, the age-related
G/T at the time of surgery correlated with the
later sperm concentration [179].
Equivalently, others have reported that G/T

at the time of surgery of unilateral and bilat-
eral cryptorchid patients analyzed together
correlated to later sperm concentration
[19,200,201,202,203]. However, others did not
find any correlation between prepubertal histo-
logical findings and adult semen parameters
[187,204] but they only quantified the “tubular
fertility index” defined as the number of
tubules with spermatogonia/total number of
counted tubules.

AdS/T – The quantification of Ad spermato-
gonia is regarded as a very important marker
for male fertility [50,52,165,205]. Hadzise-
limovic and Herzog [128] conducted a fol-
low-up investigation of sperm variables in 31
patients who had undergone early orchi-
dopexy before the age of 2 years. If Ad sper-
matogonia were present in the testicular
biopsies in childhood, 17 of 18 (94%, 95%
CI 73–100) of the men had a total sperm
count of 40 million per ejaculate or greater.
On the contrary, despite early successful
orchidopexy, if Ad spermatogonia were
absent, 12 of 13 (92%, 95% CI 64.0–99.8)
had abnormal spermiograms. In their later
study from 2008, they confirmed that the

number of Ad spermatogonia at the time of
orchidopexy correlated significantly with a
later sperm concentration of 89 men (78%
unilateral) [205].
Kraft et al. [50] conducted follow-up sperm

analyses of 91 patients with surgery for unilat-
eral and 19 for bilateral cryptorchidism (mean
age 7, SD �3.8 years) and found that in both
cases of unilateral and bilateral cryp-
torchidism, an abnormal AdS/T was signifi-
cantly correlated with lower sperm density
than those with normal AdS/T. Moreover, a
normal AdS/T was associated with a normal
sperm density in 88% (29/33) of unilateral
cases and 100% (2/2) of bilateral cases [206].
Thus, Ad spermatogonia seem crucial for later
fertility.

Inhibin B – Inhibin B is a specific biomarker
of Sertoli cell function named for its ability to
negatively regulate FSH in adulthood [207].
Inhibin B may be interpreted as a marker of
testicular function for prepubertal boys
[191,192,194,207,208,209]. A study from our
group reported that in 40 cryptorchid infant
boys aged 4–35 months, inhibin B correlated
with Sertoli cell number per cross-sectional
tubules [194]. Inhibin B has also been reported
to correlate with the testicular volume [58].
Moreover, studies from our group found inhi-
bin B correlated to AdS/T in 94 prepubertal
boys (41 bilateral) aged 0.5–13 years [192] and
G/T in 40 cryptorchid boys (11 bilateral cases)
aged 4–35 months [194]. This is in accordance
with the statement, that each Sertoli cell can
provide for a fixed number of germ cells [210].
In contrast, a study of 71 cryptorchid boys (17
bilateral cases) aged 7–65 months did not
reveal a correlation between inhibin B and
AdS/T, but these patients only underwent uni-
lateral testicular biopsy also in cases of bilat-
eral cryptorchidism [211].
Our group has reported that inhibin B was

impaired in ranges of about 16–24% and 14–
26% of bilateral and unilateral cases, respec-
tively [135,191,192,194,197,198]. Impaired inhi-
bin B was usually identified among patients
with decreased number of germ cells and Ad
spermatogonia [180,191,192]. Others have also
reported lower inhibin B levels in boys with
cryptorchidism [212-214]. However, studies of
inhibin B in cryptorchid boys have yielded

30 � 2022 The Authors. APMIS published by John Wiley & Sons Ltd on behalf of Scandinavian Societies for Medical Microbiology and Pathology.

HILDORF



mixed results, also reporting normal concen-
trations [215-218]. Although when analyzing
some of these studies in detail, impaired inhi-
bin B was found among some boys with bilat-
eral cryptorchidism and in cases with
intraabdominal testes [216,217]. Two of the
studies pooled unilateral cases with bilateral
cases in a modest amount of patient samples
and one of them measured inhibin B during
minipuberty [215,219].
Our group hypothesizes that inhibin B can

add more robustness in identifying patients
with a high risk of infertility as reduced histo-
logical parameters (G/T and/or AdS/T) have
been reported to be accompanied by impaired
inhibin B. In a previous study and in prelimi-
nary data, we found a high sensitivity of inhi-
bin B below 2.5th percentile for a reduced G/T
[191,196].
Furthermore, studies have evaluated pre- and

postoperative inhibin B concentrations in pre-
pubertal boys with cryptorchidism, indicating
that this hormone may be an important marker
of improvement of the Sertoli cells, and thereby
possible also the germ cells after surgical correc-
tion [115,119,198,219,220,
221,222]. Moreover, adult men who had under-
gone early orchidopexy had higher inhibin B
compared with those who underwent orchio-
pexy later in life [190,223,224]. A large cross-
sectional study of 1.797 fertile men demon-
strated that inhibin B is strongly associated with
sperm concentrations and sperm counts espe-
cially up to a level of 150 pg/mL [225].

FSH – FSH usually remains measurable dur-
ing childhood, unlike LH [66]. Altered func-
tions of the testis may be reflected by higher
FSH suggesting that a subtle Sertoli cell

dysfunction might already be manifest at this
early stage. Thus, higher FSH in cryptorchid
boys compared to boys with normally des-
cended testes has been reported in some stud-
ies [214]. Mildly elevated FSH and LH
between 2–7.3 IU/L and 0.2–12.2 IU/L,
respectively, have been reported in boys with
bilateral cryptorchidism aged from 6 months
to 9 years [226]. However, this is not the case
in all studies [227].
Boys with anorchia (bilateral vanished testes,

verified at laparoscopy) having a normal kary-
otype 46XY present a typical hormonal profile
with very high FSH and LH and low or unde-
tectable inhibin B and testosterone [228]. In such
cases, FSH concentrations ranged from 41 to
191 UI/L and were much higher than the upper
normal range of all ages (including adults) and
previously published by Andersson et al. [66].
Not even in a series of infant boys with bilateral
cryptorchidism undergoing a GnRH stimulation
test, did the maximum values of FSH and LH
30 min after stimulation exceed 10.0 and 8.8 IU/
L, respectively [229].
In a recent study, inhibin B from birth to

15 years of age and FSH during the first
year of life at certain cut-off concentrations
appeared to be excellent diagnostic markers
of testicular function and for differentiating
non-palpable cryptorchid testes and anorchia
[230]. In specific, testicular tissue was not
present in cases of FSH higher than 28.9 IU/
L during the first year of age or FSH higher
than 20.3 from 1 to 15 years of age in boys
without hypogonadotropic hypogonadism.
The interplay between FSH and inhibin B

during childhood is not clearly understood.
Our study group has reported that LH was
associated with inhibin B in cryptorchid boys

Fig. 8. The fertility potential as a tool to classify cryptorchidism. A hypothesis from our group—that the
spectrum of cryptorchidism might comprise different patterns in the fertility potential at the time of surgery.
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aged 0.5–13 years of age [192], which has been
supported in normal boys at 3 months of age
[58], also reporting a negative correlation
between inhibin B and FSH at that age. We
have also previously reported a negative corre-
lation between FSH and inhibin B in bilateral
cryptorchid boys [191,231], similar to a previ-
ous study [218]. Another study of cryptorchid
patients found no correlation between FSH
and inhibin B between 9 months and 3 years
of age [221]. But these were all unilateral cases.
Some evidence suggests that FSH drives inhi-
bin B as administration of recombinant FSH
to prepubertal boys aged 12–13 years old and
in infants young than 12 months increased
inhibin B [232,233].
Lower FSH and higher inhibin B have

been reported among men who underwent
orchidopexy at 2 years of age than men who
had surgery later, which is indicative of a
benefit of earlier orchidopexy [223]. Another
follow-up study showed a significant positive
correlation between G/T in 24 men operated
upon for cryptorchidism in childhood to
later FSH and LH [187]. Given this and the
evidence that the postnatal rise in inhibin B
is under the influence of the elevated gona-
dotropins and that impaired inhibin B has
been observed in infants with hypogo-
nadotropic hypogonadism, our group
included FSH in our assessment of the fertil-
ity potential.

Classification based on fertility potential at the
surgery – In prepubertal cases with reduced
G/T and AdS/T and/or inhibin B, testicular
dysgenesis may exist. If there is no compe-
tent elevation of gonadotropins as expected
from the feedback mechanism, an
endocrinopathy may also co-exist and the
impairment of the germinative epithelium
may result in infertility. Hadziselimovic [38]
first introduced the term prepubertal tran-
sient hypogonadotropic hypogonadism for
the condition with a decreased number of
germ cells, especially reduced number of
spermatogonia Ad, and a supposed relative
gonadotropin insufficiency.
Our study group has previously classified

boys with bilateral nonsyndromic cryp-
torchidism based on the fertility potential
assessed at the time of orchidopexy

according to these above-mentioned parame-
ters with the hypothesis that the pathogenesis
and effect of surgery might differ (Fig. 8)
[197,198].

OBJECTIVES

The main objective of the studies in this PhD
thesis is to improve the management of boys
with cryptorchidism, including quantification
of the fertility potential at the time of surgery
by the number of germ cells in combination
with the hormonal profile, clarifying the need
for supplementary treatment and optimizing
identification of those who would benefit from
such.
Paper I: To evaluate the fertility potential in

boys with nonsyndromic cryptorchidism oper-
ated within the first year to clarify the need
for eventual supplementary treatment modali-
ties.
Hypothesis: We hypothesized that some boys

with cryptorchidism would have compromised
fertility potential, despite early and successful
orchidopexy.
Paper II: To compare histological and hor-

monal parameters of the fertility potential in
boys with bilateral ascending testes and boys
with late-referred bilateral congenital cryp-
torchidism to clarify if the fertility potential is
decreased in boys with bilateral ascending
testes.
Hypothesis: We hypothesized that testicular

ascent would be associated with a compro-
mised fertility potential.
Paper III: To determine pre- and postopera-

tive concentrations of gonadotropins and inhi-
bin B in boys with bilateral cryptorchidism in
relation to testicular histopathology at the time
of surgery and 1-year follow-up to evaluate
the impact of corrective surgery on hormonal
parameters.
Hypothesis: We hypothesized that orchi-

dopexy would improve the fertility potential
based on inhibin B and FSH and that the
improvement would be related to the classifica-
tion of the fertility potential at the time of sur-
gery.
Paper IV: To evaluate histological and hor-

monal parameters of the fertility potential in
boys with congenital nonsyndromic
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cryptorchidism who underwent orchidopexy
during minipuberty to identify patients with
possible endocrinopathy.
Hypothesis: We hypothesized that most boys

with congenital nonsyndromic cryptorchidism
would display normal reproductive hormonal
profiles during minipuberty.
Paper V: To report our experience with

offering testicular tissue cryopreservation to
parents of prepubertal boys with cryp-
torchidism as an experimental fertility restora-
tion option—a pioneer intervention for future
theoretical benefit.
Hypothesis: We hypothesized that most par-

ents would be in favor of cryopreservation,
despite the unproven efficacy.

METHODS AND MATERIALS

Ethics

Ethical approval for retrieving and evaluating patient tes-
ticular biopsies and hormonal concentrations from orchi-
dopexy was obtained from the Regional Ethics Committee
in Copenhagen (No. #H-18063061). For Paper IV, testicu-
lar tissue collection for cryopreservation and research use
was approved by the same committee (No. #H-2–2012–
060.anm.37655).

Patients

Paper I Orchidopexy within the first year of life
– This study included all prepubertal boys with cryp-
torchidism who underwent orchidopexy before 12 months
of age in the period January 2010 to April 2019 at the
Department of Pediatric Surgery, Rigshospitalet. In total,
446 consecutive treated boys were included. After exclusion
of those who had syndromic cryptorchidism, missing data,
vanished testis, or had repair of inguinal hernia, the study
population consisted of 333 boys. The median age at orchi-
dopexy was 274 days ranging from 34 to 390 days. Sixty-
nine (21%, 69/333) boys had bilateral cryptorchidism and
6% (21/333) had at least one intraabdominal testis.

Paper II Ascending testes – This study included all
prepubertal boys treated for bilateral ascending testes
between January 2011 and October 2018 at our center.
The boys’ previously confirmed history of testes present in
the scrotum was obtained from the documented neonatal
check which was either done by a midwife or neonatolo-
gist/pediatrician and in some cases also confirmed in the
doctoral referral from the general practitioner. A previous
scrotal position was also confirmed by the parents at the
clinical examination. None had retractile testes at the time
of orchidopexy. Any boy with unclear or inadequate his-
tory was excluded from this study to minimize sampling
error. Included were 67 boys who were otherwise healthy
(nonsyndromic) with a median age of 3.8 (range: 2.0–7.0)
years old. From the same inclusion period, 86 boys with
late referral bilateral congenital nonsyndromic cryp-
torchidism (median age 3.9, 2.0–6.9 years) were identified
as a comparison group. Within the comparison group, 23

Fig. 9. Summary of patients included. Overview of boys with cryptorchidism included in Papers I–V. The
arrows indicate that some boys were included in two studies.
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(27%, 23/86) boys had at least one testis positioned within
the inguinal canal or above (Fig. 9).

Paper III Follow-up of bilateral cryptorchidism
– This study included all consecutive prepubertal boys
who underwent bilateral orchidopexy with testicular biop-
sies and hormonal profile at the time of orchidopexy plus
secondary hormonal assessment at 1-year postoperative.
Since 2014, a total of 208 boys met the eligibility criteria
of having nonsyndromic cryptorchidism, not undergone
previous inguinal surgery, and both testes successfully
repositioned within the scrotum at clinical examination
during follow-up. The median age at orchidopexy was
1 year and 8 months (4 months to 9 years) and at follow-
up 2 years and 8 months (13 months to 10 years). Ten
(2%, 10/416) testes were located intraabdominal and 90
(22%, 90/416) were positioned within the inguinal canal
or above.

Paper IV Orchidopexy during minipuberty – A
total of 45 consecutive full-term boys with cryptorchidism
underwent orchidopexy before 160 days of age at the
Department of Pediatric Surgery, Rigshospitalet. In total,
35 boys with nonsyndromic cryptorchidism with a median
age of 124 (37–159) days were included in this study, five
(14%, 5/35) of whom had bilateral cryptorchidism. Ten
boys were excluded due to syndromic cryptorchidism.
Twenty-two (55%, 22/40) boys had at least one testis posi-
tioned within the inguinal canal or above. All boys were
examined by the same surgeon, JT, with experience in
more than 2000 orchidopexies assessing that spontaneous
descent would not occur.

Paper V Parental acceptance rate toward
cryopreservation – This study included the parents of
41 prepubertal boys aged from 4 to 45 (median age 13)
months with cryptorchidism who were offered cryopreser-
vation of a testicular biopsy as part of their son’s treat-
ment program at our center as an experimental approach
for preserving the fertility. The parents were grouped into
two: (A) prepubertal boys who were offered cryopreserva-
tion as a secondary procedure after successful orchidopexy
and (B) prepubertal boys who were offered cryopreserva-
tion at initial orchidopexy.

Group-A boys were carefully selected based on the his-
tological and hormonal assessments from primary surgery
indicating a high risk of infertility, identified in the period
July 2014 to January 2020. Boys in group A were followed
1 year postoperative by a new hormonal assessment to
monitor the testicular function and were included at this
time point in case of inadequate hormonal improvement.
Five group-A boys were included in a previous publication
[161].

Group B-boys were included if they, in the period Jan-
uary 2018 to January 2020, met the following criteria:
bilateral congenital nonsyndromic cryptorchidism,
younger than 3.5 years at enrollment, and were examined
by JT and present PhD student SH. In total, the parents
of 27 boys with congenital bilateral cryptorchidism were
offered cryopreservation as a part of the initial orchi-
dopexy to avoid another surgical procedure (group B).
Seven (26%, 7/27) boys had at least one testis positioned
within the inguinal canal or above.

Testicular biopsies

In an open approach, the tunica albuginea is incised about
3–5 mm longitudinal with a No. 11 blade scalpel avoiding
any blood vessels (Fig. 10). Next, with carefully and
gently squeezing of the testis the protruding seminiferous
tubules are excised using an iris scissor.

A small specimen of about 2–3 mm3 (mean weight of
7 mg) is then placed immediately in modified Stieve’s fixa-
tion (GR fixative; 200 mL 37% formaldehyde, 40 mL
acetic acid added to 1 L of 0.05 M phosphate buffer,
pH 7.4) for transportation and further preparation at the
Department of Pathology at Rigshospitalet. The tunica
albuginea is closed with a continuous 5–0 vicryl suture.

Since 1971, it has been a clinical routine practice at
Rigshospitalet to obtain testicular biopsies of boys under-
going surgery for cryptorchidism. Testicular biopsy is con-
sidered a minor surgical procedure but is not routinely
performed during orchidopexy in most centers, mainly
because of concerns of damaging the cryptorchid testis
[234]. Aside from common surgical risks such as bleeding
and infection, which rarely occurs, concerns related to the
risk of atrophy, development of microlithiasis, breaching
the blood–testis barrier, and formation of antisperm anti-
bodies have been raised. However, no long-term adverse
effects have been reported with prepubertal open biopsies
including finding no increased rate of microlithiasis or evi-
dence of antisperm antibodies [235,236]. Finally, the pre-
pubertal testis does not have the blood–testis barrier until
about 10 years of age [234]. Based on this, our center rea-
son that testicular biopsies are valuable in prepubertal
boys with cryptorchidism, as histology can provide valu-
able information on the risk of malignancy, predicting
future fertility, and even potential fertility preservation.

Histological assessment

Immunohistochemistry – The testicular tissue speci-
mens were formalin-fixed and paraffin-embedded in cas-
settes and cut into serial sets of 2–3-lm sections.
Histological sections were stained with hematoxylin and
eosin (HE) and incubated with immunohistochemical anti-
bodies against D2-40 (1:25, M3619, Dako, Glostrup, Den-
mark), CD99/MIC-2 (1:100, 12E7, Dako), and placental-
like-alkaline phosphatase (1200, PL8-F6, Biogenex, Fre-
mont, USA). Immunohistochemistry was performed auto-
matically using the Ventana BenchMark ULTRA
platform (Ventana Medical Systems, Tucson, USA) with
positive and negative control tissue blocks per section for
validation of each antibody. All specimens were validated
and histopathologically reviewed by an experienced
pathologist ECL. Included histological sections were
stored as a separate research biobank for the purposes of
these studies.

Assessment – In a blinded fashion, the number of germ
cells within every cross-sectional seminiferous tubule (G/
T) was measured from at least 100 cross-sectioned tubules,
as previously described by our group [56,60]. Type Ad
spermatogonia were identified based on the morphological
criteria exhibiting a rarefaction zone centrally within the
nucleus and homogeneous deeper staining of the nucleus
[40,43]. Based on examination from at least 250 cross-
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sectioned tubules, the number of type Ad spermatogonia
per cross-sectional tubule (AdS/T) was determined. The
number of Ad spermatogonia was considered reduced
when the count was below 0.01 [41,205,237]. In bilateral
cases, both testicular biopsies were assessed and conse-
quently, a mean value was calculated. A total of 935 biop-
sies were assessed in this thesis (Fig. 8). Cell counting was
assisted by an APP for android smartphones (M’s Coun-
ter 2, Maki System, Inc, Tsuyama, Japan).

Description and discussion of reference material
– The age-related G/T was employed as our histological
assessment so that our results could be compared with
reported data [1,19,44,50,162,200,201,202,203,205].

Reference for normal lower range which defined the
bar for normal age-related G/T values (values below bar
were considered reduced) was determined by the same

measurements carried out by DC. The normal control
material consisted of pairs of testes from 72 males aged
28 weeks of gestation to 18 years of age, including 22
fetuses with scrotal testes who were stillborn or died
within the first 3 days of life and testes from 47 boys who
had died suddenly and unexpectedly (from meningitis or
pneumonia less than 6 days in duration) [56,60]. No other
disease was known, and an autopsy revealed no abnormal-
ities. Furthermore, the control material also included 3
testicular biopsies obtained from the scrotal testes of boys
who underwent contralateral inguinal herniotomy. A con-
trol material according to KK of 69 other normal boys
aged up to 2 years (138 autopsy specimens) was included
in Paper I [44].

The normal G/T values were similar to other reported
G/T values, as reviewed in a meta-analysis including 334
normal boys [61]. However, in normal boys aged 1–
3 years old, the normal values from our center are

(A) (B)

(C) (D)

Fig. 10. Testicular biopsies. A testicular biopsy was obtained at the Department of Pediatric Surgery,
Rigshospitalet. (A) A longitudinal incision in the tunica albuginea, (B) Excision with a scissor to obtain a
biopsy sample, (C, D) A testicular biopsy of approximately 2–3 mm3. (Published after consent was received
from the boy’s parents.)

Fig. 11. Normal lower range of G/T. Reference lower ranges of G/T in the studies included in this thesis
based on normal materials [44,56,60,61].
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somewhat lower. Since we used the lowest age-related G/T
value as reference, one may argue that our findings conse-
quently really underline that when having a reduced G/T,
it is truly impaired. The values used for the normal lower
ranges within the five studies are almost identical but span
over different age periods which makes them differ
(Fig. 11). Before each study, a consensus between the
PhD student and the supervisors was made to set the
lower range of each study population. For Paper IV, we
lifted the lower range accordingly to values presented in
the meta-analysis by Masliukiate et al. [61] excluding
DC’s values not to set the lower range too low; G/T was
set at 1.1 for the age group 60–105 days and 0.9 for the
age group 106–150 days (Fig. 11).

Furthermore, this thesis uses histological assessments
involving cell counting of HE-stained and immunohisto-
chemical stained sections, which differs from the reference
values by DC, that was based on HE- and PAS-stainings.
Immunohistochemistry may favor the identification of
germ cells [193].

Cryopreservation (specific for Paper V) – In
Paper V, a small part of the testicular tissue specimen
from each side was collected for cryopreservation
(Fig. 10D). The tissue specimens were immediately
immersed in McCoy’s 5A medium (modified, 22330–021,
Gibco, Life Technologies, Paisley, UK) for transportation
to the Laboratory of Reproductive Biology at Rigshospi-
talet. Upon arrival, the tissue specimens underwent cryop-
reservation by slow freezing to preserve tissue integrity for
long-time storage in liquid nitrogen cryo tanks (�196 °C).
First, the tissue specimen was placed in a 10 mL plastic
tube containing 7 mL freezing solution: 0.1 moL/L
sucrose (Merck, Damstadt, Germany), 1.5 moL/L ethylene
glycol (Sigma–Aldrich, Merck), 10 mg/mL human serum
albumin (200 mg/mL, CSL Behring, King of Prussia,
USA) and phosphate-buffered saline. The tissue specimens
were equilibrated in the freezing solution for 20 min at 1–
2°C (crushed ice) on a tilting table and subsequently trans-
ferred individually to 1.8 mL cryovials (Nunc A/S, Ros-
kilde, Denmark) each containing 1 mL of the freezing
solution for cryopreservation using a programmable Pla-
ner freezer (Kryo 360–1.7).

Hormonal assessment

Blood measurements – At orchidopexy, serum con-
centrations of the reproductive hormones FSH, LH,
testosterone, and inhibin B were collected by venous punc-
ture between 8.00 am and 11.00 am. In Paper III, similar
measurements were performed at follow-up. Hormone
analyses were performed at the Department of Growth
and Reproduction at Rigshospitalet according to the
methodology previously described [66,68]. Since our hor-
mone analyses span over 10 years (oldest from January
2010), commercial kits have improved during our study
period lowering detection limits and values of the interas-
say coefficient of variations.

Concentrations of FSH and LH were assessed using a
time-resolved immunofluorometric assay (Autodelfia; Per-
kinElmer, Wallac Oy, Turku, Finland). FSH and LH con-
centrations were expressed in IU/L with detection limits of
0.05 IU/L (former limit of detection for FSH was 0.06).
Interassay coefficients of variations were below 6%

(former 8%) in both FSH and LH assays. Concentrations
of testosterone were determined with radioimmunoassay
kits (Coat-A-Count; Diagnostic Products Corp., Los
Angeles, USA) with a detection limit of 0.35 mmol/L (for-
mer limit of detection was 0.23 nmol/L). After completion
of minipuberty, the testosterone concentration was not
detected in any of our patients. Finally, inhibin B was
measured by double-antibody enzyme-immunometric
assay (Oxford Bio-Innovation, Oxfordshire, UK; later
named Serotec Ltd., Oxford, UK) with the detection limit
of 3 pg/mL (since 2010; former 18–20 pg/mL). The
interassay coefficients of variations for testosterone and
inhibin B were below 10% and 18%, respectively.

For Paper IV, additional blood testing for certain dis-
eases, such as human immunodeficient virus-1 and 2, hep-
atitis B and C, and syphilis, were required according to
the Danish National Board of Health (European directive
#2004/23/EF) when freezing tissue. The results are not
presented.

Assessment – For assessment of the reproductive hor-
mone concentrations, we used the median and 2.5th and
97.5th percentiles of the normal reference values. An
impaired concentration of inhibin B was defined as below
the 2.5th percentile. For Paper I, an elevated FSH was
assessed accordingly to Andersson et al. [66] as an above
upper range. For Paper III, an FSH of 1.4 IU/L or
greater was considered elevated.

Description and discussion of reference material
– Reference ranges were determined by the Department
of Growth and Reproduction at Rigshospitalet through a
unique establishment of in-house analyses of sex- and age-
related hormones for growth and reproduction covering
infants, children, adolescents, and adults.

This establishment is done in collaboration with Danish
population-based health studies providing samples for anal-
ysis from a large population of healthy individuals. Sex-
and age-related reference material is fundamental for inves-
tigating the natural history of a given hormone over differ-
ent stages of life, as well as differences between boys and
girls, and it is an indispensable tool for comparison of hor-
mone changes in abnormal development and screening for
pathogenesis. For Papers I–III and V, the exact number of
healthy individuals included in the reference material for
FSH, LH, testosterone, and inhibin B is unknown. In total,
1041 healthy boys served as reference material providing
hormone concentrations during minipuberty for Paper IV,
which is described in a study by Johannsen et al. [68]. It is
valuable, that the hormone analyses included in this thesis
were performed at the Department of Growth and Repro-
duction at Rigshospitalet, which described the reference
materials for healthy boys.

Statistical analyses

Statistical analysis was performed using GraphPad Prism
version 6 and 8.1 (Graphpad Software, San Diego, USA).
Data were presented as medians with ranges. Nonpara-
metric analyses were used as the data, within this thesis,
were not normally distributed within this thesis. Differ-
ences between groups were investigated with Mann–Whit-
ney U test (unpaired), Wilcoxon matched-pairs test
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(paired), and Chi-Square test or Fisher exact test for cate-
gorical variables. Moreover, the Spearman correlation test
was used to measure the degree of association between
two variables.

Besides, a multiple of the median (MoM) estimation
was used to determine how far the patient’s result deviates
from the normal median value accordingly to the age of
the patient. A two-sided p-value of less than 0.05 was con-
sidered significant.

RESULTS

Paper I Orchidopexy within the first year of life

This study provides insight into the fertility
potential among boys with nonsyndromic
cryptorchidism undergoing early surgery in
compliance with the Nordic guidelines [16].
We found that inhibin B significantly corre-

lated with G/T (p < 0.001) and AdS/T
(p = 0.02). Seventy boys (21%, 70/333) had a
reduced inhibin B, of whom almost half (46%,
32/70) had reduced G/T. In our series, 83 boys
(25%, 83/333) had reduced G/T, defined as a
value below the normal lower range, and 92
boys (28%, 92/333) had reduced AdS/T (value
below <0.01). G/T was reduced in 67% (62/92)
of the boys with reduced AdS/T. Two boys
(0.6%, 2/333) with unilateral cryptorchidism
had no germ cells in their biopsy, one of
whom had impaired inhibin B. A complete
absence of Ad spermatogonia was demon-
strated in 75 cases (23%, 75/333).
Boys who underwent earlier surgery (before

9 months of age) had significantly better his-
tology and hormonal parameters (p < 0.005,
except AdS/T among bilateral cases). When
comparing boys with bilateral cryptorchidism
to those with unilateral cryptorchidism, no sig-
nificant difference was demonstrated in histol-
ogy parameters and inhibin B concentrations.
Boys with bilateral cryptorchidism had signifi-
cantly higher FSH (median 0.8, range 0.2–
0.4 IU/L) than those with unilateral cryp-
torchidism (0.6, 0.1–3.5 IU/L, p < 0.001).
Moreover, we found that boys with non-palpa-
ble testes were associated with lower inhibin B,
but no significant difference was found.

Paper II Ascending testes

Cryptorchidism is generally considered a con-
genital anomaly, but some boys born with

descended testes later develop cryptorchidism
due to the ascent of the testes.
When comparing histological parameters

from boys with bilateral ascending testes to
age-matched boys with late referral bilateral
congenital cryptorchidism, we found that the
histopathological status was similar. The mean
G/T and AdS/T were not significantly higher
in boys with ascending testes (p = 0.11 and
p = 0.83, respectively), even though this
patient group had scrotal testes after birth.
About 60% (40/67) of the boys with ascending
testes had a mean G/T below the normal lower
range vs 66% (57/86) in the congenital cryp-
torchid group (p = 0.40). One boy with
ascending testes aged 2.1 years at surgery had
no germ cells in either of the biopsies (1.5%,
1/67) corresponding to three cases (aged 3, 5,
and 6.4 years with at least one non-palpable
testis) found among the boys with congenital
cryptorchidism (3.5%, 3/86, p = 0.44). More-
over, it was noted that 31% of the boys (21/
67) with ascending testes lacked Ad spermato-
gonia which was a similar fraction in the com-
parison group (35%, 30/86). When we
analyzed the reproductive hormones at orchi-
dopexy, no significant differences between the
two groups were found.
Twenty-tree boys with congenital cryp-

torchidism having at least one non-palpable tes-
tis had a significantly higher frequency of
reduced G/T and AdS/T than those with palpa-
ble testes (ascending testes and congenital palpa-
ble). Moreover, this subgroup had a significantly
higher frequency of impaired inhibin B at 35%
(8/23) vs 13% (9/67, p = 0.024) among the boys
with ascending testes and 8% (5/63, p = 0.0021)
of boys with congenital cryptorchidism and pal-
pable cryptorchid testes.

Paper III Follow-up of bilateral cryptorchidism

To monitor the testicular function after suc-
cessful orchidopexy, we conducted a study
evaluating pre- and postoperative concentra-
tions of gonadotropins and inhibin B in rela-
tion to histological parameters in boys with
bilateral cryptorchidism.
Histologically, G/T was reduced in 50%

(104/208) of the boys having a similar reduc-
tion observed for AdS/T. Forty-three (21%,
43/208) boys had both parameters reduced.
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Preoperative inhibin B was impaired in 23%
(47/208) of the boys. In total, 16 boys (8%,
16/208) had all three parameters compromised.
At 1-year follow-up, 26% (54/208) had

impaired inhibin B. Of those with impaired
preoperative inhibin B, 64% (30/47) still had a
low inhibin B at follow-up. Overall, inhibin B
improved significantly after surgery when each
value was converted into MoM values, where
52% (55/105) of boys exhibited an improve-
ment (p = 0.034). Only the youngest age group
comprising boys who underwent orchidopexy
before 1 year showed a significant difference
between pre- and postoperative MoM values
when the data was divided into age groups
according to age at orchidopexy (p = 0.003).
On the basis of histological and hormonal

findings at orchidopexy, the boys have subdi-
vided into three groups accordingly to a previ-
ously published paper [197]. The first group
(group 1) consisted of 32 boys who had ele-
vated FSH, defined as 1.4 IU/L or greater. Of
these, around half (47%, 15/32) had reduced
G/T. At follow-up, FSH normalized in 20
(63%, 20/32) and 19 boys (59%, 19/32) dis-
played an increase in inhibin B MoM. Thirty-
one percent (10/32) had impaired inhibin B at
follow-up, of whom four (40%, 4/10) still had
elevated FSH. Of the boys who had reduced
G/T at surgery, most boys (60%, 9/15) exhib-
ited an increment of inhibin B as well as a
normalization of FSH (60%, 9/15).
A total of 105 boys had reduced G/T and/or

impaired inhibin B but no rise in FSH as
expected feedback mechanism and were subse-
quently suspected endocrinopathy, defined as
group 2. After successful orchidopexy, only
11% (12/105) had an increment of FSH and

yet 31% (31/105) had an impaired inhibin B
(vs 33% (35/105) at orchidopexy). Thus, half
of the group increased inhibin B MoM (52%,
55/105). Of the 105 boys with suspected
endocrinopathy at the time of surgery, only 11
(15%, 11/105) boys later exhibited a rise in
FSH indicating a functioning hypothalamic–
pituitary–gonadal axis, thus at least 94 (89%,
94/105) of these boys in group 2 would possi-
bly benefit from adjuvant hormonal treatment
after orchidopexy.
The remaining group (group 3) included 71

boys who at orchidopexy had all parameters
within normal range. At follow-up, half of the
boys (54%, 38/71) improved inhibin B MoM.
Only 15% (11/71) of boys had impaired inhi-
bin B and 10% (7/71) had elevated FSH at
follow-up.

Paper IV Orchidopexy during minipuberty

A defective minipuberty is reported in infants
with cryptorchidism. To better characterize
this phenomenon, we studied the reproductive
hormones that normally increase in boys dur-
ing the first few months of life including boys
who were born with cryptorchidism and
underwent surgery during the minipuberty per-
iod. In addition, repositioning the testes during
minipuberty may improve the fertility potential
as the germ cells may benefit from the natu-
rally occurring gonadotropin stimulation.
Fifty-five percent (22/40) of the undescended
testes were non-palpable positioned in the
inguinal canal or above, 40% (16/40) were
fixed in an annular position at the external
inguinal ring, whereas two (5%, 2/40) testes
were unable to reach the scrotum from a

Fig. 12. Overview of Paper III. A schematic overview of the results of the 208 boys with bilateral cryp-
torchidism stratified into three groups based on the findings at surgery.
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suprascrotal position. The processus vaginalis
was open in all cases and none had a low scro-
tal insertion of the gubernaculum.
We found that 54% (19/35, 95% CI 0.37–

0.71) of the cryptorchid boys had a normal
minipuberty hormonal profile and G/T.
Nine (26%, 9/35) cryptorchid boys had

reduced G/T according to age. Of these, 78%
(7/9) boys also had impaired Ad spermatogo-
nia, which was a significantly larger proportion
when compared with the remaining 26 boys
(4%, 1/26) with normal G/T (p < 0.0001). All
nine boys with reduced G/T had normal
testosterone, whereas inhibin B was below
2.5th percentile in only one case (one inhibin
B value missing). This one case was a 2-
months old boy with a G/T value of 1.05, just
below the lower range of G/T. We observed
that all boys with reduced G/T had LH above
the mean, five of these (14%, 5/35) were even
above the 97.5th percentile.
Two boys (25%, 2/8, one FSH value miss-

ing) had indications of a relative FSH insuffi-
ciency having no sufficient rise in FSH as
could be expected as the feedback mechanism
due to reduced G/T. Although only one case
had an FSH below the 2.5th percentile, the
other case with a reduced G/T of 0.58 only
had an FSH just above the 2.5th percentile.
The remaining six boys (6/8) had FSH above
the 97.5th percentile.
All, except for one, displayed a male LH/

FSH ratio with higher LH than FSH (33/34)
as seen in normal boys in contrast to girls hav-
ing higher FSH [68]. Of note, 88% (30/34)
boys had an LH/FSH ratio above 1.00 and
24% (8/34) had above 97.5th percentile, of
whom three had reduced G/T. Normal gona-
dotropins were found in all boys, except for
one boy an LH below 2.5th percentile (case
with normal G/T) and two boys with an FSH
below 2.5th percentile. For the two boys with
low FSH, one had reduced G/T (mentioned
above) and the other boy a very high G/T of
4.45, the latter indicating a normal hypothala-
mic–pituitary–gonadal axis.
Finally, we found that 6 boys (18%, 6/34)

had impaired inhibin B, whereas the majority
of the boys (85%, 29/34) had an inhibin B
below the mean. Overall, we concluded that
the reproductive hormones of boys with cryp-
torchidism exhibited a normal minipuberty

pattern, although two cases could be suspected
of endocrinopathy.

Paper V Parental acceptance rate toward

cryopreservation

This study addresses an important clinical
question relating to the acceptability of testic-
ular biopsy for experimental fertility preserva-
tion in boys with cryptorchidism with
presumed reduced fertility potential. It intro-
duces the state of the art of SSC and pro-
spects of testicular tissue cryopreservation as
means to preserve future fertility in prepuber-
tal boys. To date, fertility preservation is an
important clinical issue for prepubertal boys
and recently there has been a lot of attention
to this field, largely stemming from the
increasing numbers of boys receiving gonado-
toxic treatments.
In line with our findings from Papers I to

IV, we reasoned that some boys with bilateral
cryptorchidism have implications of a high
infertility risk and some can consequently be
offered cryopreservation simultaneously to
orchidopexy. Thus, we conducted an investiga-
tion on the parents’ acceptance rate toward
cryopreservation.
Parents of 14 boys with cryptorchidism (13

bilateral and one unilateral cryptorchidism)
were offered the possibility to cryopreserve a
testicular biopsy with a second procedure after
successful orchidopexy. Mainly based on histo-
logical findings at orchidopexy, these patients
were suspected to have a high risk of infertil-
ity. Hence, all boys had reduced G/T (median
G/T at 0.07, range 0.03–0.37), of whom eight
boys (57%, 8/14) completely lacked Ad sper-
matogonia and three boys (21%, 3/14) had
reduced AdS/T (<0.01). Moreover, five boys
(36%, 5/14) had impaired inhibin B. Thirteen
out of the 14 parents (93%, 13/14) gave con-
sent to cryopreservation agreed to undergo
another procedure, well-informed of the surgi-
cal risks and the experimental state of proce-
dure. We did not explore the reasons for
declining participation.
In another setup, parents of 27 boys were

offered cryopreservation as part of initial bilat-
eral orchidopexy. Twenty-four out of 27 (89%,
24/27) boys underwent cryopreservation.
Henceforth, from histological assessments, we
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found eight boys (29%, 8/27) with reduced G/
T and nine boys (33%, 9/27) with reduced
AdS/T, of whom four (15%, 4/27) lacked Ad
spermatogonia. Seven boys (26%, 7/27) had
impaired inhibin B. Therefore, based on the
criteria from group A, 8 (29%, 8/27) boys
from group B achieved cryopreservation and
were spared one more surgical procedure.
The parental acceptance rate was similar

between the two groups with rates of 93% and
89%, respectively (p = 0.68). In conclusion,
the acceptance rate toward a new experimental
treatment procedure among parents of Danish
boys with bilateral cryptorchidism was high
since 90% (95% CI 0.77–0.97) of the parents
accepted.

DISCUSSION

General considerations—Key findings compared to

other studies

The new findings in this thesis are

I. Despite early and successful orchidopexy
before 1 year of age, a considerable frac-
tion of boys with nonsyndromic congeni-
tal cryptorchidism may risk infertility
based on histological and hormonal find-
ings at surgery.

II. Boys with bilateral ascending testes share
the same histopathological impairment as
bilateral congenital cryptorchidism and
should therefore be treated as soon as
possible after diagnosis. Consequently,
retractile testes are important to follow
since they have a greater risk of ascent.

III. Orchidopexy does improve inhibin B in
some boys with bilateral cryptorchidism
which might be reflected in histology.
However, a fraction of boys with bilat-
eral cryptorchidism can be suspected of
endocrinopathy because of testicular dys-
genesis at surgery (defined as reduced G/
T and/or impaired inhibin B) but no
compensatory gonadotropin stimulation
as expected.

IV. Most boys with congenital cryp-
torchidism display a normal minipuberty,
however, a few cases can be suspected of
endocrinopathy.Sub conclusion: Early
and successful orchidopexy might not be

a sufficient treatment strategy to improve
fertility for all boys with cryptorchidism,
especially boys with bilateral cryp-
torchidism or those with an endocrinopa-
thy, and it would therefore be relevant to
investigate supplementary treatment
modalities.

V. Themajority of parents of boys with bilat-
eral cryptorchidism accept cryopreserva-
tion for their son’s testicular biopsy, even
though it in its current form holds no pro-
mise about future fertility preservation.

Assessing the fertility potential in prepubertal
boys – To date, there is a consensus that cryp-
torchidism should be surgically corrected as
soon as possible after 6 months of age and
within the subsequent year, or by 18 months
at the latest [2,16,17,18]. However, we still do
not have proof to what extent the fertility
potential is improved by early treatment, espe-
cially when the condition is bilateral and there
is endocrinopathy such as a hypofunction of
the hypothalamic–pituitary–gonadal axis. Is
early orchidopexy a sufficient treatment for
improving the fertility potential in all cases,
probably not, and what other treatment strate-
gies should be offered? To finally prove that
early orchidopexy has been successful, normal
sperm outcome and achieved paternity in
adulthood need to be verified in large,
prospective, long-term follow-up studies, which
we currently lack for patients undergoing sur-
gery according to the guidelines. Based on the
findings in this thesis and literature review, we
assume that early treatment is not sufficient in
all cases, and we speculate if supplementary
treatment is indicated for some groups of
patients. In the era of precision medicine, it
becomes increasingly important to understand
the heterogeneity of a disease like cryp-
torchidism to design proper individualized
treatments.
By assessment of the fertility potential at

orchidopexy with testicular histology and
reproductive hormones (inhibin B, FSH, LH,
and testosterone), the clinicians can achieve
data on testicular state and function that can
help to determine the risk of later infertility
and clarify the need for supplementary treat-
ment. Besides our group, others support the
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concept that testicular biopsies can serve as a
prognostic tool for the fertility potential
[50,200,201,202,203,205,238,239]. Supplement
of hormonal assessment may reveal if there is
a testicular dysfunction by impaired inhibin B
to the dysgenesis verified by histology, and if
the abnormal testis is compensated by elevated
FSH and LH exploring the function of the
hypothalamic–pituitary–gonadal axis [197].
This thesis was designed to increase the

knowledge of the fertility potential in boys
with cryptorchidism by evaluating present
unique data: testicular biopsies and reproduc-
tive hormones, which are very seldom prac-
ticed elsewhere. To the best of our knowledge,
only a few studies have published histological
and hormonal data on boys with cryp-
torchidism [211,221,240]. Overall, the papers
included in the thesis revealed a compromised
fertility potential at the time of surgery that
was found in about 20–30% of boys with
bilateral cryptorchidism (Papers I–V,
Table 2—assessed by one or more parameters).
For the 264 unilateral cases included in Paper
I, we found that 24% had reduced G/T, 30%
had reduced AdS/T, and 20% impaired inhibin
B, which was similar to the unilateral young
cases in Paper IV (except for inhibin B,
impaired in only 13%).
Even a considerable fraction of the boys

who underwent orchidopexy before 6 months
(Paper IV), 9 months (Paper I), and 1 year
(Papers I, III, and IV) had reduced fertility
potential, which is in accordance with a study
in fetal cryptorchid testes of which 23% had a
reduced G/T [60]. Thus, testicular dysgenesis
may be a congenital condition in some cases.
This fitted well with other histological findings
demonstrating a marked depletion of germ
cells in prepubertal patients with cryp-
torchidism [43,48,237,241,242].
Different from other studies, this thesis

included both G/T and AdS/T and combined
the parameters with hormonal profiles. More-
over, our studies included large cohorts of
boys who underwent early orchidopexy with
the distinction between different subtypes of
cryptorchidism. Surgery for cryptorchidism at
Rigshospitalet is performed at a median age
of 34 months for boys, who were operated
on before 15 years of age within the period
2015–2019 (Paper II). This is earlier than in

most other European centers [105,243,
244,245].
Lastly, our findings support stressing early

orchidopexy since those who underwent orchi-
dopexy before 9 months (Paper I) and 1 year
(Paper III) had better parameters, as also
other groups have reported on with different
effect outcomes and metrics
[1,20,21,155,190,242,246,247]. The odds for
germ cell depletion increased with increasing
age at orchidopexy, with boys undergoing
orchidopexy between 13 and 24 months having
an odds ratio of 3.9 compared to those having
surgery before 1 year of life (p = 0.0007) [248].
For boys undergoing orchidopexy between 25
and 96 months, the odds ratio for germ cell
depletion increased to 8.3 and for boys older
than 8 years of age, the odds roughly doubled
reaching a ratio of 16.8. These are in accor-
dance with findings from our group [231].
In conclusion, we speculate that a combined

assessment of testicular biopsies and hormonal
status is a cornerstone upon which a clinician
can formulate a treatment plan for prepubertal
boys with cryptorchidism, including if supple-
mentary hormonal treatment or cryopreserva-
tion is indicated.

Assessing hormones in boys with cryptorchidism
– The pathogenesis of cryptorchidism contin-
ues to be debated but recent evidence sug-
gests endocrine involvement and deficiencies
in the interplay of the hypothalamic–pitu-
itary–gonadal axis. It appears that abnormal
germ cell development in cryptorchidism may
not only be a result of congenital dysgenesis
but may be associated with an endocrine
imbalance and perturbation in germ cell mat-
uration [38,41,205]. Testing for gonadotropins
and inhibin B are important attributes to the
assessment of testicular biopsies in boys with
cryptorchidism at the time of surgery.
Papers I, II, and IV gave an insight into

the fractions of boys at risk of infertility at
the time of surgery but cannot answer the
question to what extent the fertility potential
would be normalized after surgical correc-
tion. If there is an underlying endocrinopa-
thy, simply placing the testis into the
scrotum by early surgery will not correct the
endocrinopathy. Conversely, the effect of sur-
gery might depend on the classification of
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fertility potential which could reflect different
pathogenesis (Table 2).
In Paper III, we aimed to link histology at

the time of surgery to the evaluation of the
reproductive hormones at surgery and at 1-
year follow-up to identify the fraction of boys
with bilateral cryptorchidism that suffers some
sort of endocrinopathy. When data from
orchidopexy revealed reduced GT and/or
impaired inhibin B (testicular dysgenesis) with
no rise in gonadotropins, and follow-up testic-
ular hormones and gonadotropins not
improved, we reasoned that such boys with
bilateral cryptorchidism could be suspected as
having an endocrinopathy, which others have
termed prepubertal transient hypogo-
nadotropic hypogonadism. Such patients will
have a high risk of later infertility (Fig. 12).
Surprisingly, we found that half (105/208) of
the boys with bilateral cryptorchidism fulfilled
these criteria at the time of surgery. Of these
with reduced G/T, 11 boys had normal inhibin
B at the time of surgery but exhibited an
impaired inhibin B below 2.5th percentile 1
year postoperative indicating, in this regard,
no benefit of surgery (Fig. 12). Moreover, of

the 35 boys who had impaired inhibin B at the
time of surgery (20 of whom also reduced G/
T), 66% (22/35) had persistent impairment of
inhibin B (15 of those with reduced G/T) 1
year postoperative. Ninety-three (89%, 93/105)
had no elevation of FSH at 1-year which could
suggest an endocrinopathy. Although inhibin
B MoM improved by surgery in this group
(median MoM 0.60 vs 0.70), this was not sig-
nificant.
Despite that no significant difference could

be demonstrated in the boys with elevated
FSH, the trend in this group was stronger as
inhibin B MoM increased from 0.56 to 0.74
and 59% (19/32) of boys increased inhibin B
MoM. In the total material, 54 (26%, 54/208)
had impaired inhibin B at follow-up (vs 17%
at surgery), 12 of whom had increased in
FSH.
The distinction between cryptorchid boys

with a competent hormonal compensation of
the testicular dysgenesis responding to
reduced G/T vs those with elevated FSH
reflecting a reaction to the severity of G/T
and worse fertility potential is a challenge
(Fig. 13).

Table 2. Summary of histological and hormonal findings. Overview of the findings in Papers I–V
Paper I Paper II Paper III Paper IV Paper V

Orchidopexy before

1 year

Ascending Congenital Orchidopexy Follow-up Minipuberty Group A Group B

No. patients (no.

unilateral)

333 (264) 67 (0) 86 (0) 208 (0) 35 (30) 14 (1) 27 (0)

Median age (range) 274 (34–390)
days

3.8 (2–7)
years

3.9 (2–6.9)
years

1.7 (0.3–9)
years

2.7 (1.1–10)
years

124 (37–159)
days

16 (6–45)
months

12 (4–41)
months

Bilateral absence of

germ cells

0% (0/69); 0.7%

(2/264)

unilateral

cases with

absence

in one biopsy

1.5% (1/67) 3.5% (3/86) 1.4% (3/208) 0% (0/5) 0% (0/13) 0% (0/27)

Median G/T (range) 0.87 (0–4.48) 0.50 (0–2.29) 0.37 (0–2.57) 0.44 (0–2.97) 1.71 (0.12–4.45) 0.07 (0.03–0.37) 0.56 (0.03–1.7)
Reduced G/T;

below lower

range

25% (83/333);

28% (19/69)

bilateral cases

60% (40/67) 66% (57/86) 50% (104/208) 26% (9/35) 100% (14/14) 30% (8/27)

Median AdS/T

(range)

0.155 (0–0.222) 0.007 (0–0.14) 0.006 (0–0.25) 0.017 (0–0.214) 0.024 (0–0.118) 0.001 (0–0.015) 0.015 (0–0.134)

Reduced AdS/T;

below 0.01

28% (92/333) 64% (43/67) 55% (47/86) 24% (50/208) 23% (8/35) 79% (11/14) 33% (9/27)

Bilateral absence of

Ad

spermatogonia

16% (11/69);

24% (64/264)

unilateral cases

with absence in

one biopsy

31% (21/67) 34% (29/86) 13% (26/208) 6% (2/35) 57% (8/14) 15 (4/27)

Median inhibin B

(range)

174 (57–489) 80 (17–176) 76 (7–227) 114 (17–377) 85 (7–314) 291 (122–478) 109 (17–300) 136 (44–249)

Impaired inhibin B;

below 2.5th

percentile

21% (70/333) 13% (9/67) 15% (13/86) 23% (47/208) 26% (54/208) 16% (6/34)* 36% (5/14) 26% (7/27)

Median FSH

(range)

0.65 (0.05–4.01) 0.7 (0.15–31) 0.7 (0.12–26.4) 0.79 (0.17–4.01) 0.7 (0.05–4.79) 1.29 (0.19–2.75) 0.8 (0.4–1.4) 0.64 (0.27–2.5)

1One boy missing value.
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These findings are in agreement with the
classification from Thorup et al. [197] who
characterized boys with bilateral cryp-
torchidism into groups of low, intermediate,
and high risk for infertility based on the same
parameters. Interpretation of such findings is
difficult, and more studies with follow-up
examinations in adulthood, are necessary to
estimate the true existence and subsequently
the frequency of these subtypes based on the
fertility potential at the time of surgery.
Based on low Ad spermatogonia count at

the time of orchidopexy (less than 0.01), a
study classified 18 out of 89 men operated for
cryptorchidism as a high-risk infertility group,
ten of whom were bilateral [205]. In adult-
hood, the mean sperm count was 8.9 million
per ejaculate (95% CI 3–14.9) and 22% (4/18)
experienced azoospermia, thus this group of
patients exhibited significantly worse sperm
counts than patients with Ad spermatogonia
in the testicular biopsies at the time of surgery
for cryptorchidism. Moreover, at least 70%
within the high-infertility group experienced a
relative FSH insufficiency in adulthood. These
findings further support that cryptorchidism
may be associated with endocrinopathy. Since
gonocyte transformation into Ad spermatogo-
nia occurs during minipuberty, this research
group suggests that boys with cryptorchidism
suffer from a so-called diminished minipuberty
[48,70,205,237,249].
In Paper IV, we found that 9 out of 35

(26%) had a reduced G/T already in the
minipubertal period. Of these, seven (7/9,
78%) boys displayed normal minipuberty hor-
mone concentrations, thus reflecting a compe-
tent gonadotropin feedback mechanism. The
remaining two cases with reduced G/T could
be suspected of a subtle endocrinopathy
together with testicular dysgenesis (one unilat-
eral boy had FSH below and the other one
unilateral FSH just above 2.5th percentile)
accounting for 6% (2/35) of the total material.
These two patients would most likely benefit
from hormonal treatment. Of note, our find-
ings showed that most boys with congenital
cryptorchidism had a normal minipuberty pat-
tern. This is supported by a case–control study
that failed to identify any significant differ-
ences in hormones between 26 healthy controls
and 20 boys with non-syndromic

cryptorchidism at age of 2 months [215].
Another case–control study of 43 cryp-
torchidism boys vs 113 controls found signifi-
cantly lower testosterone in the age between 1
and 6 months (mean testosterone 1.8 vs
2.6 nmol/L), however, no sign of insufficiency
of either LH or FSH was found [227]. In a
separate study, without any hormonal assess-
ment, authors postulate that the incidence of a
defective minipuberty in boys with unilateral
cryptorchidism is at least one-third (even up to
50%) with the assumption that the formation
of Ad spermatogonia is linked to the minipu-
berty stimulation [249]. However, this is
obscure since no hormone samples were evalu-
ated.
Another way to assess the endocrine func-

tion of the hypothalamic–pituitary–gonadal
axis is by stimulation tests with GnRH in
which a blunted FSH and LH response sug-
gest hypogonadotropic hypogonadism either
due to pituitary or hypothalamic function
[67]. However, conflicting results of hormonal
changes after stimulation in cryptorchid boys
have been published. Blunted LH responses
after stimulation with GnRH have been
found in boys with cryptorchidism, whereas
peak FSH values were not significantly dif-
ferent from control values [250,251]. Others
could not demonstrate a functional insuffi-
ciency of the hypothalamic–pituitary–gonadal
axis during the first year of life [252]. In a
study conducted at our department, 35 boys
with bilateral cryptorchidism aged 9 months
to 3.7 years had a GnRH stimulation test
with 100 mg buserelin (Suprefact�) and
blood samples for LH and FSH at t:0 and
t:30 min [229]. Sixteen had normal G/T
above 0.38 and 19 had severely reduced G/T
below 0.2. Most patients had a normal
response with normal LH and FSH and only
23% (8/35, 4 from each group) had an insuf-
ficient rise in LH and/or FSH. Therefore, an
endocrinopathy such as a so-called prepuber-
tal transient hypogonadotropic hypogonadism
(mild variance of hypogonadotropic hypogo-
nadism) may exist in some boys with cryp-
torchidism in early life which could cause
long-term impairment of fertility in adult-
hood. There is evidence to support that cryp-
torchidism is associated with decreased
androgen production during childhood [227].
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To date, the potential mechanisms of hypog-
onadism in cryptorchidism are still elusive
[124].
From the papers included in this thesis, in

addition to other literature, it is clear there is
a reduction in the number of germ cells and a
defect in the transformation of the gonocytes
to Ad spermatogonia in cryptorchid testis,
even though the testes were in the scrotum
during the minipuberty period. More work
should focus on possible prevention strategies
to reduce this deterioration and diminishment
of germ cell maturation. Adjuvant hormonal
treatment around the time of orchidopexy has
been shown to improve fertility potential
(Table 1), whereas one study was able to
demonstrate the long-term favorable effect on
future fertility [128]. Although there might be
room for hormonal treatment in the manage-
ment of cryptorchidism, long-term studies on
adjuvant treatment are still warranted to fully
recommend this as routine practice.

Cryopreservation may be an option in some
cases of cryptorchidism [161]. The final study
in the thesis (Paper V) demonstrated that
offering cryopreservation to boys with bilateral
cryptorchidism is acceptable to 90% (95% CI
0.77–0.97) of parents. The experimental nature
and unknown future utility of using cryo-s-
tored testicular tissue to preserve fertility do
not appear to influence the acceptance. We
propose that boys with cryptorchidism are
potential candidates for cryopreservation,
specifically those with a bilateral disorder with
implications of a severely compromised fertil-
ity: reduced germ cell count below 0.2 and/or
no Ad spermatogonia with impaired inhibin B
and no compensatory elevation of FSH
(Fig. 13). Germ cells should be present in tes-
ticular biopsies. Moreover, to avoid repeated
surgery with biopsy, some parents may choose
biopsy for cryopreservation at the time of
bilateral orchidopexy, well informed that the
procedure may only be truly indicated in

Fig. 13. Discussion—how to assess hormones when evaluating the effect of orchidopexy?. An overview of
how clinicians could use histological and hormonal parameters to clarify the use of adjuvant hormonal treat-
ment.
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around 20% of the cases [161]. Besides us, and
to the best of our knowledge, only one other
group has offered cryopreservation of testicu-
lar tissue to boys with bilateral cryptorchidism
(n = 19) [169]. The authors also offered cryop-
reservation for parents of 14 prepubertal boys
with cancer and found similar acceptance rates
between the two groups (78.9% vs 78.6%).
These rates of acceptance were similar to what
was found in a study by [253,254] for boys fac-
ing gonadotoxic treatment, whereas our accep-
tance rate was slightly higher.

Assessing different subtypes of cryptorchidism –
Many surgeons agree that testicular position
should be screened among boys during child-
hood to recognize boys with testicular ascent,
who should be referred for orchidopexy
[2,16,17,18]. Despite these guidelines, surpris-
ingly little is known about the fertility poten-
tial in these patients. We reported that
ascending testes have similar adverse findings
on the testicular histology as seen in boys with
congenital cryptorchidism (Paper II), as
reported in two comparative studies [130,255].
Our study focused on bilateral cases and
included hormonal data. We found similar his-
tological findings as Rusnack et al. [130]. It
may be perceived as a high number of bilateral
ascending testes cases in our inclusion period.
However, in accordance with our data, a
prospective study following a well-defined
birth cohort, demonstrated that 63% of boys
with ascending testis presented a bilateral
ascent [108].
Ascending testis merely represents a part of

the spectrum of cryptorchidism [103,107] and
it is essential to analyze the subtypes of cryp-
torchidism separately since the etiology, treat-
ment, and outcomes might differ between
them.
The ascending testis complicates the inter-

pretation of study findings on men with a his-
tory of cryptorchidism for several reasons.
First, some studies may not have examination
data available at birth and rely on self-report-
ing, especially if adult men are studied, which
makes the distinction between ascending testes
and congenital cryptorchidism more difficult.
Moreover, ascending testes must be distin-
guished from retractile testis, which might be
challenging. Boys may not be aware of

ascending testis, and therefore the onset of
acquired cryptorchidism is often uncertain,
which results in a delay in treatment.
Brakel et al. [256] performed andrological

evaluations including scrotal ultrasound,
reproductive hormones, paternity, and semen
analysis of 53 healthy men serving as controls,
62 men treated for congenital bilateral cryp-
torchidism, and 65 men with former bilateral
ascending testis (with spontaneously descent or
orchidopexy). They found that men with
ascending testis more often had significant
abnormal testicular consistency, smaller testes,
lower semen concentration, and less motility
compared to controls. Four (6%, 4/65) men
had azoospermia. Except for better testicular
consistency in the former ascending testes, no
significant differences were found in compar-
ison with men with former congenital cryp-
torchidism (median age at orchidopexy
3 years). Furthermore, no difference was found
between men with ascending testes in whom
spontaneous descent was successful and those
who underwent orchidopexy (median age at
orchidopexy 13.2 years). Unfortunately, infor-
mation on how long the ascended testes were
retained at a cryptorchid position was not
known, thus lacking in to disclose whether the
fertility potential would be improved by imme-
diate surgery at diagnosis, which should be
subject to future studies. Promm et al. [255]
found that boys with ascending testis undergo-
ing orchidopexy later than 9 years of age had
worse histological parameters, however, we
have not found this in our cohort (Paper II).
In agreement with others, we suggest that

this descent-ascent pattern may be caused by
an endocrinopathy [97,130,257]. A Danish-Fin-
nish cohort study found an association
between Leydig cell function and testicular
position assessed by the testicular distance to
the pubic bone [257]. The authors reported a
physiological small testicular ascent that
occurs after 3–18 months of life (in cryp-
torchid and normal boys alike) possibly due to
the peak and subsequent postnatal decline in
the activity of the hypothalamic–pituitary–go-
nadal axis during infancy. This is in agreement
with the high prevalence of testicular ascent at
1 year of age found in a large British prospec-
tive cohort study [97]. Moreover, the British
cohort study reported a reduced penile growth
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during infancy in boys with ascending testis,
which may be associated with reduced early
postnatal androgen activity [97]. Based on our
study, the reproductive hormones in our
cohort of boys whose testes ascended did not
differ from the congenital cases at the time of
surgery, but we did not have hormonal con-
centrations from these boys during minipu-
berty. Nonetheless, our findings highlight the
importance of further studies on the etiology
of ascending testes and the long-term effects. If
boys with ascending testis suffer from
endocrinopathy, adjuvant hormonal treatment
could be a possibility for these boys.

Unilateral vs bilateral disorder – A study
revealed that in boys with unilateral cryp-
torchidism, the scrotal testis is affected in 71%
with a reduced G/T and 75% had impaired
transformation into Ad spermatogonia [205].
However, the age at orchidopexy ranged
between 1 and 16 years and it was not clear
how many patients underwent early surgery. A
more recent study, including 319 boys treated
for unilateral cryptorchidism with simultane-
ous biopsy of the contralateral scrotal testis,
found that 48% of the cryptorchid testes and
21% of contralateral testis had no Ad sper-
matogonia [237]. In total, 11% of the cases
had no Ad spermatogonia. The median age at
orchidopexy was 39 (range 5–192) months,
whereas 58 boys underwent orchidopexy after
18 months of age. These findings may indicate
that unilateral cryptorchidism can be a bilat-
eral disorder.
In Paper I, we could not find significant dif-

ferences in any parameter between bilateral
and unilateral cases, except for FSH which
was higher in bilateral cases (p < 0.001). This
is in agreement with Verkauskas et al. [211]
who also reported that unilateral and bilateral
cryptorchidism showed similar tubular fertility
index (number of tubules with germ cells), Ad/
T, and hormones (FSH, LH, and inhibin B) in
a cohort of 71 boys (24% bilateral) aged 7–
65 months. From Paper IV, the two boys with
reduced G/T who could be suspected of an
FSH insufficiency were unilateral cases and
both had a reduced AdS/T. However, we had
no histology from the contralateral testis and
inhibin B was within the normal range for one
of the boys (the other one missing inhibin B).

Moreover, we included one unilateral case in
Paper IV, after orchidopexy as the cryptorchid
testis revealed no Ad spermatogonia and a
severely reduced G/T of only 0.03, which was
close to 1% of normal age-related G/T at
13 months of age. At cryopreservation
19 months later, both testicular biopsies exhib-
ited the same reduction of G/T at 0.023 and
0.038 emphasizing that unilateral cryp-
torchidism can affect both testes. So far, five
boys with unilateral cryptorchidism with
reduced G/T in their undescended testis and
impaired inhibin B (a highly selected group)
have undergone bilateral testicular biopsies as
part of the cryopreservation program at our
department (one case included in Paper V;
four cases after January 2020). Four of them
(80%, 4/5) revealed reduced G/T in the con-
tralateral descended testis, one of them with
no germ cells bilaterally (unpublished data).
Our histological and hormonal findings sug-

gest that cryptorchidism may be more than a
simple anomaly of testicular position as cryp-
torchidism may be associated with an
endocrinopathy (as a possible subtle hypofunc-
tion of the hypothalamic–pituitary–gonadal
axis) that may contribute to impairment of tes-
ticular development in both testes, even when
one testis descend to the scrotum. This is in
agreement with our department’s previous fol-
low-up studies showing that in cases of less
than 1% of normal age-related G/T in the
biopsy from the undescended testes in unilat-
eral cryptorchidism at 2–12 years of age, there
was a 33% risk of later infertility [1,185].
Moreover, some authors did not reveal any
differences in semen data between unilateral
and bilateral cases [20,184], however, this
might be due to the modest number of sam-
ples.
In a cohort study of 225 men with a history

of cryptorchidism as the sole etiopathogenetic
factor for non-obstructive azoospermia, the
frequency of no germ cells between men with
bilateral and unilateral cryptorchidism was
similar (50% vs 43%, p = 0.30) [258]. How-
ever, these men were selected based on non-
obstructive azoospermia and 64% (145/225) in
this cohort had a history of bilateral cryp-
torchidism. In an epidemiological study includ-
ing 21 cases with unilateral cryptorchidism and
testicular cancer, cancer occurred in the
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contralateral scrotal testis in 7 cases, thus car-
rying a risk of bilateral neoplasia (relative risk
1.9 in the descended vs3.9 in the undescended
testis) [177]. These findings suggest that a his-
tory of unilateral cryptorchidism can, in a few
cases, affect both testes in adulthood.
Boys with unilateral cryptorchidism who

undergo surgery have a lower risk of infertility
to around 5–10% than in bilateral
cases [186,259]. There is evidence of similar,
inhibin B increased significantly in boys with
unilateral congenital cryptorchid boys after
follow-up [115,119,221,222].

Strengths and limitations

The main strength of this thesis was the assess-
ment of the fertility potential including both
histological and hormonal parameters of many
young prepubertal boys operated for nonsyn-
dromic cryptorchidism, which to the best of
our knowledge is not routinely practiced else-
where. Rigshospitalet has the largest depart-
ment of pediatric surgery at a national level,
treating around half of the cryptorchidism
cases in Denmark and the participation rate in
hormonal follow-up is high.
Another important strength is that the hor-

monal parameters included in this thesis were
measured at the Department of Growth and
Reproduction, Rigshospitalet, that have
unique hormone reference ranges. Age-related
reference materials are essential for investigat-
ing the natural history of hormones over dif-
ferent stages of life, as well as the sex
differences, and it is an indispensable tool for
comparison of hormone changes in abnormal
development and screening for pathogenesis.
The retrospective nature of the studies is a lim-
itation. However, the retrospective revision
through journals secured that the included
boys had no syndromes or other associated
anomalies, henceforth the blinded assessment
of histological sections and hormonal parame-
ters was conducted. It also allowed for a large
patient cohort as patients have had hormonal
samples in addition to testicular biopsies since
the year 2010.
A limitation in our studies is related to nor-

mal values of germ cells, including Ad sper-
matogonia, due to the sparse normal material
both at Rigshospitalet and in the literature.

Although histology preparations were all done
in the same laboratory, our normal control tis-
sues included a modest sample size. We
emphasized some difficulties: (1) our values
(used in Papers I, II, III, and V) were in the
lowest normal values compared to others
according to a meta-analysis [61], (2) counting
on HE and PAS stained sections (as done in
control material) in general revealed fewer
germ cells than immunohistochemical sections
(as done in this thesis), and finally, (3) count-
ing germ cells on autopsy material is more dif-
ficult than counting on tissue that is fixed just
after it left the body. Therefore, we modified
our lowest normal value in Paper IV.
Furthermore, the lowest normal value for

Ad spermatogonia is mainly defined accord-
ingly to clinical practice by others, a stronger
parameter would be fertility parameters such
as paternity and sperm analyses. However, as
of today, our department lack follow-up data
from men who have had testicular biopsies
measured also by Ad spermatogonia in child-
hood.
When obtaining testicular biopsies to assess

the fertility potential, the biopsy may not
reflect the total testicular parenchyma and in
unilateral cases only mirror the undescended
(diseased) testis. Because of the heterogeneity
of the germ cells in the undescended testes, we
quantitated the whole biopsy with at least 100
and 250 cross-sectional tubules for G/T and
AdS/T, respectively, which is higher than other
studies [41,50,187,202,238,241]. Biopsies with
fewer transversal tubules were excluded.
As hormones during the first months of life

undergo developmental changes, interpretation
of concentrations observed in cryptorchid boys
must be done with caution. The interpretation
of FSH in the thesis is a limitation. We inter-
preted FSH as elevated when it was higher
than the 97.5th percentile of normal distribu-
tion, in accordance with our previous method-
ology in adult patients [1,185,199,259]. FSH in
childhood is poorly understood, and the deter-
mination of a high or low FSH needs to be
elucidated. We did not have normal percentiles
for FSH in Papers I, II, III, and V, which is
why we sat in the upper range accordingly to
the age as described by Andersson et al. [66]
(Paper I) and 1.4 or greater (Paper III).
Because some of these boys in the young age
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group were only 0.3 years old, we cannot
reject that some may exhibit a normal physio-
logical FSH level since they underwent orchi-
dopexy early, close to the minipuberty, and
therefore should not belong to this group.

CONCLUDING REMARKS

By better understanding the histological and
hormonal aspects of cryptorchidism, we can
strive to improve our ability to predict fertility
potential. In this thesis, we gained insights into
the histological and hormonal parameters in
boys with cryptorchidism.
We found that up to 20–25% of boys with

nonsyndromic cryptorchidism (unilateral and
bilateral) who underwent surgery within the
first year of age risk impaired fertility in adult-
hood based on findings from surgery. We
showed that minipuberty often is normal in
boys with nonsyndromic congenital cryp-
torchidism, as only 6% had testicular dysgene-
sis and lacked a compensatory FSH
stimulation (two unilateral cases).
In boys with bilateral cryptorchidism who

underwent orchidopexy at the median age of
1.7 years (0.3–9 years of age), we found that
about 51% of such boys had reduced G/T and/
or impaired inhibin B with no rise in FSH at the
time of surgery. At follow-up 1 year later, 31%
of these still had or decreased in inhibin B below
the 2.5th percentile. Overall, 26% of all the
bilateral cases might have a risk of infertility
corresponding to those with impaired inhibin B
at follow-up. Moreover, we learned that
ascended testes exhibit compromised fertility
potential similar to what was found among boys
with congenital cryptorchidism.
These findings suggest that cryptorchidism

may be associated with an endocrinopathy,
such as a subtle hypofunction of the hypotha-
lamic–pituitary–gonadal axis, that contributes
to impairment of testicular development, prob-
ably even when the cryptorchid testis is unilat-
eral. We, therefore, suggest that some boys
with cryptorchidism may benefit from supple-
mentary hormonal treatment. In cases with a
very low number of germ cells and/or no effect
of supplementary hormonal treatment, cryop-
reservation of testicular tissue may be indi-
cated.

In a pioneer study, we found that about
90% of parents of bilateral cryptorchid boys
accepted cryopreservation of testicular tissue,
even though they were not promised that it
could be of use or truly indicated in adult-
hood, as its efficacy has not been proved and
we believe bilateral cryptorchidism may only
risk infertility in about 20%.

PERSPECTIVES AND FUTURE STUDIES

Our study group finds that it is now possible
to a certain extent to distinguish between cases
of cryptorchidism wherein the condition may
be part of a congenital defect or may be asso-
ciated with an endocrinopathy [161,197]. For
those patients with endocrinopathy, adjuvant
treatment with GnRH holds a promising ther-
apeutic potential for optimizing the fertility
potential [159-161] Table 1. A prospective ran-
domized clinical trial to assess the efficacy and
safety of postoperative GnRH treatment for
boys with bilateral cryptorchidism is in pro-
gress at the Department of Pediatric Surgery,
Rigshospitalet. With a placebo-controlled,
double-blind setup, we will include boys with
bilateral cryptorchidism (6–36 months of age)
with verified testicular dysgenesis (severely
reduced age-related G/T but above 0.2) with
indications of hypothalamus-pituitary-gonadal
hypofunction (impaired FSH and/or LH).
Half of the patients will receive GnRH ago-

nist (Kryptocur�) administrated by nasal
spray 0.2 mg/0.1 mL x 2 every second day
(3 mL/month) or placebo during a 4-months
period. After the completed treatment regime,
a second surgery will be performed to collect
testicular biopsies for cryopreservation in addi-
tion to the hormonal profile. Herein, we aim
to present a concise analysis of an extended
RNA profiling of Sertoli cells upon treatment
of GnRH using the Nanostring GeoMx plat-
form (NanoString Technologies, Inc., Seattle,
USA) at the Department of Pathology,
Rigshospitalet.
The transcriptome-wide findings will be ana-

lyzed in relation to the traditional quantitative
assessment of germ cells and Ad spermatogo-
nia. A successful result from that study will
add evidence-based knowledge to apply well-
indicated adjuvant hormone treatment for a
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hopefully well-selected patient group who will
need it to preserve fertility, alongside other
recent observations [260].
Loss of germ cells and SSCs is critical in pre-

pubertal boys who suffer from testicular failure
due to for example cryptorchidism or gonado-
toxic therapy, as there is no option of sperm
cryopreservation due to sexual immaturity
[167]. Moreover, recent studies have shown that
early germ cells have more complex physiology
than previously anticipated and that we do not
have sufficient markers to identify them prop-
erly (as described in the background section)
[53]. Studies should focus on the developmental
landscapes of male germ cells in the prepubertal
testis from patients with cryptorchidism and
normal testes, if available. In a manuscript
under preparation, we try to distinguish differ-
ent phenotypic subpopulations of early germ
cells based on molecular marker profiles by
multiplex analysis with immunofluorescence
markers. Focusing on further analysis of gono-
cytes and Ad spermatogonia, single-cell RNA
sequencing techniques allow us to resolve inter-
cellular relationships and unveil the existence of
heterogeneity, even in a seemingly homoge-
neous population. Encouraged by three reports
[30,46,55], we want to improve the characteriza-
tion at additional state embedding spermatogo-
nia into clusters by single-cell RNA sequencing
based on the assumption that many subtypes of
spermatogonia exist. In summary, these studies
will increase our knowledge about early germ
cell subpopulations in normal and cryptorchid
testes. This will bring new expectations for the
accuracy and precision of tissue-based evalua-
tion of future fertility, particularly when quan-
tification of SSCs can be made by identifying
histologic markers.
The gained knowledge of the characterization

of prepubertal germ cells (gonocytes, spermato-
gonia, and Ad spermatogonia) can improve the
prospects for the promising attempt to produce
human haploid germ cells in vitro or in vivo by
autologous transplantation.
Currently, male reproductive function is at

the center of new developments and different
fertility preservation strategies for prepubertal
boys are under investigation, also at the Labo-
ratory of Reproductive Biology at Rigshospi-
talet. The research at Rigshospitalet is based
on a multidisciplinary translational network of

hospital departments (mainly urology and
pediatric surgery), the National cryopreserving
center (Laboratory of Reproductive Biology,
Rigshospitalet), and the University of Copen-
hagen centered around the Fertility Restora-
tion Consortium and a Clinical Academic
Group within regenerative medicine, urogenital
surgery, and fertility named CAG-SURF. We
are currently exploring if colonization of
human gonocytes and SSCs directly trans-
planted to seminiferous tubules in busulfan-
sterilized mice is feasible. The preliminary
analysis shows that without in vitro propaga-
tion, naturally enriched human testicular cells
settled on the basal membrane of seminiferous
tubules and survived in the recipient mouse
testes at least for 2 months, demonstrating
that human gonocytes and SSC were capable
of colonization (unpublished data).
For more than two decades, early orchidopexy

has been considered the most effective therapy
for preventing infertility. Despite this, the evi-
dence of fertility outcomes in early surgically
treated cryptorchidism is very scarce. Large
prospective, follow-up studies with andrological
evaluations including semen analysis and pater-
nity rates are warranted and are hopefully
already on its way. We hope to contribute and
by 2026, we will be able to assess at least 35
young men who underwent orchidopexy before
2 years of age due to bilateral cryptorchidism.
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