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of follow-up
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Abstract

Background The vanishing testis syndrome (VTS), is a 46, XY disorder of sex development (46, XY DSD) and is charac-
terized by the absence of testis in a 46, XY subject with male genitalia, gonadal dysgenesis and consequent hyper-
gonadotropic hypogonadism.

Case presentation A young man affected by VTS has been followed up for more than 15-year in our center. The
patient received different testosterone formulations, which modulated his IGF-1 levels and height velocity, depending
on different stimulatory effects, mimicking pubertal spurt until achieving a final height in line with his genetic target.

Exogenous testosterone, activating GH/IGF-1 system, can directly influence growth pattern. With this particular case
report we demonstrate that an accurate monitoring of patients with VTS, as well as a perfect reproduction of testos-
terone secretion during pubertal spurt, can guarantee a normal growth and development and, consequently, a high
level of quality of life in adulthood.

Conclusion Testosterone levels act an important role during pubertal spurt in modulating the GH/IGF-1 axis, besides
its well-known impact in sexual development.

Very little amount of exogenous testosterone can stimulate IGF-1 secretion and provide to growth velocity the drive
that characterizes the initial phases of the growth spurt.
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Background
The vanishing testis syndrome (VTS), also known as
testicular regression syndrome, is characterized by the
absence of one or both testicles in a 46, XY individual
and, as a cause of non-palpable testes, it is classified
among disorders of sex development (46, XY DSD) [1].
VTS is one of the most common causes (35-60%) of
non-palpable testes in children [2-5], probably caused
by the atrophy and disappearance in fetal life of an ini-
tially normal testis. The phenotype of these patients is
characterized by the presence of external male genitalia
and Wolffian duct with unilateral or bilateral impalpable
testes. These features indicate a possible damage of the
testes occurred in utero, or perinatally, after a normal
transabdominal testicular migration, associated with a
functioning testicular tissue during the first 8—16 weeks
of pregnancy [6-10]. The etiology is largely discussed
[11, 12], however VTS seems caused by the loss of blood
supply to the testicle (vascular thrombosis, torsion) as
a perinatal event [13]. A vascular accident or a prenatal
torsion rather than an endocrinopathy are possible expla-
nation of the physiopathology of a fibrotic nodule that is
commonly observed at the edge of the spermatic cord.
This peculiar finding of the VTS is associated also with
dystrophic calcifications and hemosiderin deposition
[14]. The direct endocrine consequence of the gonadal
dysgenesis is hypergonadotropic hypogonadism, and the
lack of testosterone negatively affect the normal pubertal
spurt. These patients, in adulthood, may display a nor-
mal or increased height without pubertal growth spurt
[15-17]. Sex hormones (SHs) impact growth spurt via
their effect on GH/IGF-1 axis. Briefly, the initial small
increase of SHs stimulates GH secretion in the early
phase of puberty, whereas during late puberty, the fur-
ther increase of SHs determines bone ossification and,
therefore, the arrest of growth [18]. In order to mimic
the natural increase of SHs and their effect on GH/IGF-1
axis and skeletal growth, male patients with DSD and
hypogonadism need to start testosterone therapy during
pubertal age. The hormone replacement therapy deserves
particular attention due to the specific activities of testos-
terone in this critical phase. We report the effects of dif-
ferent testosterone formulations on growth and pubertal
development in a young man with VTS followed in our
Endocrinology Unit over a period of more than 15 years.

Case presentation

A 28-month-old child affected by VTS was referred to
our Medical Center for endocrine evaluation, treatment
and follow-up.The patient was born at 40 week of gesta-
tion (birth weight 3.695 kg, length 54 cm, head circum-
ference 35 cm). He had normal-appearing external male
genitalia except the small testes and a short frenulum. He
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was breastfed until 3 months of age. No significant medi-
cal events were reported during infancy. The testes were
palpable in the scrotum until the age of fifth months, and
they were impalpable when the child turned one year, as
reported in the pediatrician’s medical records and in the
first urological evaluation performed in another Medical
Center.

The karyotype was male (46 XY) and the ultrasonog-
raphy confirmed the absence of testes in the scrotum,
suggesting a potential case of cryptorchidism. Therefore,
at the age of two, the patient underwent a surgical ingui-
nal exploration and a blind ending of spermatic vessels
and vas deferens were found in the right inguinal canal.
In the left one a gubernaculum was identified, vessels
and vas deferens ended in a fibrotic remnant, which was
removed. A frenulectomy was also performed and bilat-
eral testicular prostheses were placed. A topic formula-
tion of dihydrotestosterone (DHT) was started in order
to improve scrotal trophism and capacity.

Physical examination

At the first evaluation in our Endocrinology Unit the
child was 28 months old. He was 93 c¢m tall (0.7 SDS)
and he weighed 14.5 kg (0.9 SDS). Clinical examination
and hormonal evaluation did not show any pathological
sign. The data of regular yearly follow-up, including aux-
ological and hormonal data, were recorded (Table 1 and
Fig. 1).

Laboratory Examination
At 4 years, LH and FSH were undetectable (both 0.00
mUI/L) and the GH response to GHRH + Arginine test
was normal.

At the age of 9.38 years (Table 1), an increase of LH lev-
els (3.38 mUI/L) and a simultaneous decrease of height
velocity (-0.9 SDS, height 136 cm) were recorded.

Final diagnosis
Growth and puberty delay in a patient affected by VTS-
related anorchia.

Treatment

At the age of 10, oral treatment with testosterone pro-
pionate (2.5 mg/day) was started and carried on for
10 months; the dose was subsequently increased to 5 mg/
day. Height and growth velocity increased proportionally
with serum testosterone and IGF-1 levels (Fig. 1). At the
age of 11.64 the growth velocity was above normal values
for age (SDS 2.8). Therefore, testosterone propionate was
withdrawn and the less active testosterone undecanoate
formulation (20 mg/die) was initiated, aiming to reduce
the androgen effect on bone maturation. Consequently,
growth velocity decreased in the following years (SDS
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Fig. 1 Growth pattern of the patient. Legend: Height (panel A) and height velocity (panel B) are plotted against the normal population standards,

according to Tanner

0.4) and the oral dose of testosterone undecanoate was
increased up to 40 mg. At the age of 15.4 testosterone
treatment was switched to the intramuscular formulation
(Table 1). Growth velocity was 6 cm/year until the age of
15, and then it dropped to 3.2 cm/year. No other thera-
pies were administered.

Outcome and follow up

Anthropometric and clinical parameters, biochemical
data and bone age were regularly assessed during the
follow-up. Bone age remained always comparable with
chronological age. The final height was 177.9 cm in line
with the parental target (169.8 cm—180.6 cm). Andro-
genization was completed when the patient turned
15. During the follow-up, testosterone levels changed
according to the different modalities of administra-
tion (Table 1), whereas IGF-1 remained within the nor-
mal range for age. The growth pattern ran parallel to the
IGF-1 concentration and the patient’s stature reached the
highest percentile according to his parental target.

Discussion

The VTS, or testicular regression syndrome, is the most
common cause of non-palpable testes among cryptor-
chidism cases [5]. To date, because of the lack of clear
consensus and/or evidence-based guidelines, there is a
high degree of variability in the diagnostic approach as
well as clinical management of these patients [19]. The
removal of the fibrotic remnant/nodule is controversial
and the discussion concerns the rare possibility to find

germinal cells in the remnant tissue that represents a risk
of cancer development [2, 14, 20, 21].

In case of non-palpable testes, it is also debated
whether the inguinal exploration and the laparoscopic
abdominal exploration should both be performed in
all cases [3, 22]. The European Association of Urol-
ogy/European Society for Paediatric Urology guide-
lines suggest that inguinal exploration may be avoided
if blind ending vessels are observed during diagnostic
laparoscopy. Vice versa, laparoscopy may be omitted
if during inguinal exploration a nubbin is found and
removed [23].

In our case the patient was firstly evaluated by an ultra-
sound, which demonstrated the absence of testicles in
the scrotum. Considering that ultrasonography could be
misleading [24], the patient underwent inguino-scrotal
exploration and a fibrotic remnant was removed.

VTS lead to a condition of anorchia with a related
hypergonadotropic hypogonadism. In this context
replacement therapy with testosterone should be started
at pubertal age, normally between 11 and 14 years [25].
To date, there are different preparations of testoster-
one: oral testosterone (not available in USA, because of
liver toxicity), buccal administration with mucoadhesive
tablets applied to the gums, nasal gel formulation, sub-
dermal testosterone pellets. The transdermal patches or
gel are easy to use, although requiring a daily adminis-
tration, are generally well accepted by the patients and
allow mimicking the physiological circadian rhythm of
testosterone. Finally, intramuscular formulation of testos-
terone esters (testosterone cypionate-TC, enanthate-TE,
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undecanoate-TU), which requires less frequent adminis-
trations than topical, have the disadvantage of the intra-
muscular (IM) route and, thus, the risk of inflammation
and/or pain in the injection site [26, 27].

In the present case we started testosterone replace-
ment therapy once the decrease of growth velocity was
running in parallel with a significant increase of circu-
lating LH levels. Once GH deficiency was ruled out, a
low dose of oral testosterone was started in order to
mimic the initial response of the Leydig cells to the
pituitary stimulus. Later, the oral one was replaced by
the intramuscular formulation, which was also pre-
ferred by the patient.

The relationship between SHs and the GH/IGF-1 axis
is well known since many years. However, the precise
mechanism of action of SHs in the induction of statural
growth spurt is still debated. It has been demonstrated
that androgens can stimulate the secretion of GH and the
subsequent increase of IGF-1 levels [28]. Many studies
have postulated that testosterone exerts its growth-pro-
moting effect by enhancing the secretory pattern of GH
[29], which in turns stimulates longitudinal bone growth
either indirectly, via hepatic IGF-1 secretion [30], or
directly at the site of the epiphyseal growth plate, probably
through the local production of IGF-1 [31]. Moreover, an
indirect effect of testosterone through the activation of
GH/IGE-1 has been shown by the evidence that pretreat-
ment with testosterone (or estradiol in female) increases
GH response to stimuli. This indirect effect of testoster-
one is supported by the observation that this sex hor-
mone exerts no significant increase in body length in the
absence of GH (e.g. in hypophysectomized rats) [32, 33].

However, androgens can also directly stimulate the
skeletal growth in patients affected by GH deficiency [34].
In particular, androgens have direct effect on the growth
plate in stimulating longitudinal growth, and estrogens
(derived from androgen aromatization) lead to epiphy-
sis fusion [35]. Moreover, Yoshizawa and colleagues have
also found that the combination of testosterone and
IGF-1 can modulate the synthesis and secretion of some
IGEBPs [36].

To date, no data are available about the growth pattern
in subjects followed longitudinally since infancy until
final height has been reached.

We noticed that the dose of testosterone as small as
0.08 mg/kg/day, which produces a small increase of the
circulating hormone, could stimulate IGF-1 to reach
pubertal concentrations and increase growth velocity to
values comparable to the peak growth velocity (Table 1).
Since this phenomenon occurred in our patient earlier
than expected, we modified the treatment by replacing
testosterone propionate with the less active undecanoate.
This switch produced a flattening of the growth curve
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and prevented a premature ossification of the growth
plate allowing a normal final height.

Conclusion

A very small amount of testosterone can stimulate IGF-1
secretion and enhance growth velocity, which charac-
terizes the initial phases of the growth spurt. When the
diagnosis of hypogonadism is certainly made, as in the
present case, testosterone therapy could be probably ear-
lier started than suggested in the guidelines and gradually
titrated. Patients should be carefully monitored and any
physical changes be recorded. The aim is to guarantee
to these patients a normal growth and sexual develop-
ment, namely an adequate standard of quality of life in
adulthood.
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