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Abstract Testicular adrenal rest tumors (TARTs) are common
cause of infertility in males with congenital adrenal hyperplasia
(CAH). We studied the role of genotype and disease regulation
on TART development, their impact on gonadal function, and
frequency in 47 21-hydroxylase deficiency (21-OHD) and four
11-hydroxylase deficiency (11-OHD) male patients. Testicular
ultrasound (TU), genotype, hormonal measurement in 51, and
spermiogram in five patients were performed. TARTs were de-
tected in 14 SW21-OHD and one 11-OHD patient: 1/8 patients
aged <7 years (1.8 years old is the youngest), 1/8 patients aged
<12 years, 5/17 patients aged <18 years, and in 8/18 adults. All
21-OHD TART patients had exclusively severe mutations of
CYP21A2 gene. Poor hormonal control in 8/15 patients with
and 12/36 patients without TART indicates correlation of tumor
development with poor disease control. None of the TART
patients fathered a child. Low inhibin-B was found in 7/15
TART patients. Azoospermia was found in four and
oligoasthenozoospermia in one patient.

Conclusion: TART was detected exclusively in patients
with severe CYP21A2 mutations. Disease regulation plays a
role in development of TART that impairs testicular function
and increases the risk of infertility. Screening for TART by TU
is indicated from early childhood.

What is Known:
•Due to improved diagnostic and therapeutic possibilities, majority of the
male patients with congenital adrenal hyperplasia nowadays reach
adulthood and screening for long-term complications is becoming more
important.

• Testicular adrenal rest tumors (TARTs) are common cause of infertility
and impaired gonadal function in males with CAH.

What is New:
• A 1.8-year-old boy described in this paper is the youngest reported
patient with TART.

• Screening for TART by testicular ultrasound from early childhood,
especially in patients with severe CYP21A mutations, is recommended.

Communicated by Peter de Winter

* Miroslav Dumic
drdumic@gmail.com

Vlatko Duspara
vduspara@hotmail.com

Zorana Grubic
zgrubic@kbc-zagreb.hr

Sasa Kralik Oguic
skralik@kbc-zagreb.hr

Veselin Skrabic
drskrabic@gmail.com

Vesna Kusec
vkusec@kbc-zagreb.hr

1 Department of Pediatrics, Clinical Hospital Centre Zagreb,
University of Zagreb Medical School, Kispaticeva 12,
10000 Zagreb, Croatia

2 Clinical Department of Diagnostic and Interventional Radiology,
Clinical Hospital Centre Zagreb, University of Zagreb Medical
School, Zagreb, Croatia

3 Tissue Typing Centre, Department of Transfusion Medicine and
Transplantation Biology, Department of Laboratory Medicine,
Clinical Hospital Centre Zagreb, University of Zagreb Medical
School, Zagreb, Croatia

4 Endocrinological Laboratory, Department of Laboratory Medicine,
Clinical Hospital Centre Zagreb, University of Zagreb Medical
School, Zagreb, Croatia

5 Department of Pediatrics, Clinical Hospital Centre Split, University
of Split Medical School, Split, Croatia

Eur J Pediatr (2017) 176:1393–1404
DOI 10.1007/s00431-017-3008-7

mailto:drdumic@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1007/s00431-017-3008-7&domain=pdf


Keywords Congenitaladrenalhyperplasia .Testicularadrenal
rest tumor . Testicular ultrasound . Fertility

Abbreviations
11-OHD 11-h ydroxylase deficiency
17-OHP 17-h ydroxyprogesterone
21-OHD 21-h ydroxylase deficiency
A Androstenedione
ACTH Adrenocorticotropic hormone
BA Bone age
BMI Body mass index
CA Chronological age
CAH Congenital adrenal hyperplasia
FH Final height
FHSDS Final height standard deviation score
FLC Fetal Leydig cells
FSH Follicle-stimulating hormone
GnRHa Gonadotropin-releasing hormone analog
L Left
LH Luteinizing hormone
MLPA Multiplex ligation-dependent probe amplification
NC Nonclassical
PRA Plasma renin activity
R Right
RFLP Restriction fragment length polymorphism
SV Simple virilizing
SW Salt wasting
T Testosterone
TART Testicular adrenal rest tumor
TH Target height
THSDS Target height standard deviation score
TU Testicular ultrasound

Introduction

Congenital adrenal hyperplasia (CAH) is a group of auto-
somal recessive disorders affecting steroid synthesis in the
adrenal cortex. In about 95% of the patients, CAH is
caused by defect of CYP21A2 gene resulting in 21-
hydroxylase deficiency (21-OHD). Classic 21-OHD CAH
results in impaired production of cortisol, and in about
75% of patients also of aldosterone. Loss of cortisol neg-
ative feedback on hypothalamus and pituitary results in
increased pituitary adrenocorticotropic hormone (ACTH)
secretion, stimulating hyperplasia of the adrenal glands
and hyperproduction of adrenal androgens. The insuffi-
cient synthesis of cortisol and aldosterone can lead to
life-threatening adrenal crisis with salt wasting occurring
already in the neonatal period. Treatment consists of sub-
stitution of cortisol and aldosterone, thereby also

suppressing ACTH synthesis and hyperproduction of ad-
renal androgens [29].

Due to improved diagnostic and therapeutic possibilities,
majority of the CAH patients nowadays reach adulthood and
long-term complications are becoming more important. One
of them is the development of benign testicular adrenal rest
tumor (TART). Its typical location near rete testes is associated
with the risk of the seminal duct obstruction, leading to azoo-
spermia, permanent damage of the surrounding testicular tis-
sue, and infertility in adult male patients. The etiology of
TART is still unexplained. One of assumptions is that
TARTs are derived from ectopic adrenal cells that migrated
to the gonads in fetal life, and their growth is under control of
ACTH and angiotensin II [8, 19]. Other assumption is that
tumor may originate from pluripotent fetal Leydig cells
(FLCs) that have ACTH and LH receptors [28].

The reported prevalence of TART in CAH varies consider-
ably, which can largely be attributed to patient selection (age,
hormonal control, severity of CAH) and also to the method of
tumor detection [3, 6, 14, 18, 22, 23, 25, 27]. There is ample
evidence that with use of testicular ultrasound, these small,
nonpalpable lesions (usually <2 cm in size) could be detected
already in childhood [2, 4, 10, 20, 21, 32].

The objective of this cross-sectional study was to evaluate
the role of genotype and disease regulation on tumor develop-
ment and their influence on gonadal function, as well as esti-
mate the frequency of TART depending on age, in a group of
51 male patients with CAH aged 1.8–40 years.

Subjects and methods

A total of 51 children, adolescent, and adult male CAH pa-
tients who have been regularly followed in our outpatient
endocrine department were included in this study. Patients’
age ranged from 0 to 6 years and 11 months in 8 patients, 7
to 11 years and 11 months in 8 patients, 12 to 17 years and
11 months in 17 patients, and 18 to 42 years in 18 patients.
The patients with 21-OHD were categorized as salt wasting
(SW), simple virilizing (SV), and nonclassical (NC). Twenty
five had SW, 14 SV, and 8 NC form of disease as defined by
medical history and laboratory assessment. In all of the pa-
tients, diagnosis was verified by genotyping of the CYP21A2
gene. Four patients had CAH due to 11-hydroxylase deficien-
cy (11-OHD), verified by genotyping of CYP11B1 gene.

All 25 SW children were diagnosed in the first 2 weeks of
life, and were treated from the neonatal period with hydrocor-
tisone three times a day (15–20 mg/m2 in first 1–2 months of
life and 12–15 mg/m2/day after 2 months of age) and
fludrocortisone.

Twelve out of 14 children with SV CAH were diagnosed
during childhood, between ages 2 and 5years, after developing
symptoms of pseudoprecocious puberty and advanced growth
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and bone age, while two were diagnosed through family stud-
ies. All were treated with hydrocortisone three times a day
(10–12 mg/m2/day). Four of eight patients with NC 21-OHD
were diagnosed between 6 and 10 years of age, after develop-
ment of pubic hair, and four were diagnosed through family
studies. Four of them have been treated with hydrocortisone
three times a day (6–8 mg/m2/day) (nos. 9, 17, 24, and 42).
Four patients with 11-OHD were diagnosed between 2 and
4 years of age due to pseudoprecocious puberty and advanced
growth and bone age, and all of them have been on therapy
with hydrocortisone three times a day (10–12 mg/m2/day).

Furthermore, patient nos. 10, 12, and 14 were on therapy
with gonadotropin-releasing hormone analog (GnRHa) due to
central precocious puberty, at the time of examination
(Table 1).

Blood sampling and testicular ultrasound were performed
on the same day. Blood was drawn after an 8–10h overnight
fast (2 h after morning medication). Sera were separated and
tests were performed immediately or frozen at −20 °C until
assayed. Measurement methods were standard recommended,
performed on automated or semi-automated platforms by
using commercial kits: luteinizing hormone (LH), follicle-
stimulating hormone (FSH), and testosterone (T) by Abbott
Laboratories (USA); 17-hydroxyprogesterone (17-OHP) and
androstenedione (A) by DRG (Germany); inhibin-B by
Beckman Coulter Inc. (Ireland); and plasma renin activity
(PRA) by DiaSorin (USA).

Adequate hormonal control of CAH was defined by serum
androgen levels and PRA being within the normal range, and
17-OHP concentration in serum of 6–30 nmol/L. Possible
overtreatment was defined as suppressed androgen levels
and normalized to decreased 17-OHP concentrations in se-
rum, and undertreatment if serum androgens and PRA levels
were over normal range and 17-OHP was over 30 mmol/L.

Molecular genetic analysis of CYP21A2 gene initially in-
cluded allele-specific PCR for the seven most common muta-
tions (p.P31L, I2G, Ex3Δ8bp, p.I173N, Ex6 cluster (p.I236N,
p.V237E, p.M239K), p.V282L, p.Q319X, and p.R357W) and
was performed as described previously [34]. If mutations were
not found, other widely used diagnostic techniques such as
Southern blot, restriction fragment length polymorphism
(RFLP), or multiplex ligation-dependent probe amplification
(MLPA) were used to detect deletions and large gene conver-
sions. Moreover, Sanger sequencing was performed to detect
rare mutations [15, 30]. In four patients with 11-OHD, PCR
and sequencing of CYP11B1 gene were performed as previ-
ously described [12].

The genotypes were categorized according to predicted se-
verity of mutations: group null (complete enzyme impair-
ment), group A (almost complete impairment), group B (se-
vere impairment), and group C (partial impairment) [33].

Testicular ultrasound was performed by a single experi-
enced radiologist in all 51 patients using GE Healthcare

LOGIO S8 and E9 ultrasound systems Aloka scanner
equipped with 15-MHz linear transducer probe. Testicular
and TART volumes were calculated using the following for-
mula: V (mL) = length (cm) × width (cm) × (depth (cm) × 0.52
[20].

According to Claashen-van der Grinten et al., TARTs are
classified in five different stages [6].

Stage 1. Presence of adrenal rest cells within the rete testis,
not detectable by scrotal testicular ultrasound.

Stage 2. The adrenal rest cells might be visible by testicular
ultrasound.

Stage 3. Further growth of adrenal rest cells has compressed
the rete testis.

Stage 4. Further hypertrophy and hyperplasia of the adrenal
rest cells with progressive obstruction of the rete
testis.

Stage 5. Chronic obstruction and irreversible damage of tes-
ticular parenchyma.

Bone age (BA) was determined according to Greulich-Pyle
in all children who did not reach final height. In order to
determine BA advancement, the BAwas expressed in months
in correlation with chronological age (CA) (BA-CA).

Seminal fluid was collected after 3–5 days of self-reported
ejaculatory abstinence in four adults, and analysis included
assessment of semen volume, sperm concentration, total
sperm count, and motile and immotile spermatozoa according
to World Health Organization criteria by Cooper et al. [11].

Final adult height (FH) and target height (TH) values were
compared with t test.

The study was approved by the Ethics Committee of
University Hospital Zagreb, Croatia. Written informed con-
sent for the study was obtained from all adult patients or pa-
tients’ parents or guardians.

Results

Radiological evaluation

Testicular adrenal rest tumor was detected in 15 of 51 (29%)
investigated patients: in one of 8 (12.5%) patients aged 0 to
6 years and 11 months, one of 8 (12.5%) patients aged 7 to
11 years and 11 months, five of 17 (29.4%) patients aged 12 to
17 years and 11months, and eight of 18 (44.4%) adult patients
ranged 18 to 40 years (Table 1 and Fig. 1).

In patient no. 32, TART was detected accidentally during
ultrasound examination due to testicular torsion, and in patient
no. 29, TART was suspected by palpation and confirmed by
US examination. In remaining 13 patients, TARTs were dis-
covered during screening by ultrasound. In 12 patients,
TARTs were present bilaterally and were described as round
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lesions (nos. 8, 16, 29, 30, 33, 44–46, and 48–51) and unilat-
erally in three patients (nos. 31, 32, and 47). Testicular adrenal
rest tumors were staged as 2/− in three patients (nos. 31, 32,
and 47), 2/2 in three patients (nos. 8, 45, and 46), 2/3 in one
patients (no. 16), 3/3 in two patients (nos. 30 and 50), and 4/4
in six patients (nos. 29, 33, 44, 48, 49, and 51).

In 11 patients, the lesions were hypoechoic (nos. 30–33,
44–49, and 51), in two hypoechoic in one and hyperechoic in
the other testis (nos. 16 and 29), and in two hypoechoic and
hypoechoic lesion were detected in both testes (nos. 6 and 50)
(Fig. 1). In one patient without TART (no. 40), microlithiasis
was detected.

The volume of both testes in the group of eight adult pa-
tients with TART compared to the group of 10 adult patients
without TARTwas very similar—26.7 mL (range 19.7–33.0)
and 27.1 mL (range 19.7–33), respectively. Moreover, five
13.3–15.5-year-old pubertal patients with TARTand eight pu-
bertal patients without TART aged 13.1–16.0 years also had
similar testicular volume—22.7 mL (range 17.3–28.5) and
23.8 mL (15.5–30.3), respectively.

Testicular volumes were not compared in 16 prepubertal
children with and without TART due to small number of pa-
tients with TART (2/14).

Clinical evaluation

TART was found in 14 SW 21-OHD patients and one 11-
OHD patient. One patient (no. 1) had Tanner stage 1, one

patient (no. 16) had Tanner stage 3, five patients (nos. 29–
33) had Tanner stage 4, and eight patients were adults (nos.
44–51).

No TARTwas found in 36 patients (11 of the 24 SW, 3 of 4
the 11-OHD, 14 SV, and 8 NC patients). Seven patients had
Tanner stage 1, six had Tanner stage 2, three had Tanner stage
3, four had Tanner stage 4, six had Tanner stage 5, and 10were
adults.

Eight patients with TART reached FH (nos. 44–51) and TH
was 2.2–3.5 SD lower in all of them. In all of 14 patients
without TART who reached FH, FH was also lower than TH
for 2.5–3.5. There was not statistically significant difference
in FH and TH between groups of adult patients with and
without TART.

From seven patients with TART who did not reach FH,
CA was identical with BA in two (nos. 8 and 31), and in
five other BA-CA was calculated and was between 12 and
48 months (nos. 16, 29, 30, 32, and 33). In three out of 22
patients who had no TART and did not reach FH, CA was
identical with BA, and in 19 other BA-CA was calculated
and was between 6 and 48 months. The mean BA-CA in
group of five pubertal patients with TART aged 13.3–
15.5 years (nos. 29–33) was 20.4 months (range 0–48)
and 12 months (range 0–24) in eight patients without
TART aged 13.1–16.0 years.

BA-CA, in these two groups of patients, were not com-
pared in prepubertal children due to small number of patients
with TART in proportion those without TART (2/14).

Fig. 1 Longitudinal testicular
ultrasound and color Doppler
images of a 1.8-year-old boy with
salt wasting form of congenital
adrenal hyperplasia. Arrows
indicate bilaterally slightly
lobulated, well-defined
hypoechoic masses with central
hyperechoic part in the area of
rete testes measuring
1.1 × 0.6 × 0.4 cm = 0.13 mL
(right testis) (1a) and
1.0 × 0.6 × 0.4 cm = 0.12 mL (left
testis) (1b). The masses identified
as testicular adrenal rest tumors
are hypervascular (right testis (2a)
and left testis (2b))
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Parameters of short-term and long-term hormonal
regulation

At the time of ultrasound examination, six of 15 patients with
TART (nos. 30, 33, 45, 47, 49, and 51) showed signs of poor
hormonal control (undertreatment), and all of them showed
significant difference between BA-CA or lower FH compared
with TH indicating poor long-term regulation. Nine of patients
with TART were treated adequately at the time of ultrasound
examination (nos. 8, 16, 29, 31, 32, 44, 46, 48, and 50), but in
one of them, differences between BA-CA and lower FH com-
pared with TH in other were observed (nos. 16 and 29).

At the time of ultrasound examination, four of 36 patients
without TART (nos. 5, 6, 19, and 34) showed signs of poor
hormonal control (undertreatment), and in all of them, differ-
ences between BA-CA and lower FH compared with THwere
found. Thirty twowere treated adequately, but in eight of them
(nos. 9, 10, 11, 12, 14, 20, 21, and 35), advanced BA or
decreased FH compared to TH was noted. All eight of them
were SV or NC 21-OHD or 11-OHD patients with late
established diagnosis.

Four patients with TART had body mass index (BMI) 90%
or higher for age (nos. 16, 29, 45, and 49) as well as three
patients without TART (nos. 10, 12, and 14), but hormonal
results at the time of examination did not imply overtreatment
in any of 51 patients (Table 1).

Molecular genetic analysis

None of the 14 CAH 21-OHD patients with TART had milder
mutation (groups B and C), but exclusively from group null
and A. One of the detected mutations was deletion or conver-
sion in 10 of 14 CAH 21-OHD patients with TART (nos. 8,
16, 30–33, 45, 46, 48, and 49) (Table 1).

Fertility

Three of 15 patients with TART are married (nos. 48, 50, and
51). They attempted to father a child over the course of 2 to
3.5 years, but have not succeeded (possible female factors of
infertility were excluded). After discovering that they have
TART, low levels of inhibin-B and high levels of FSH, semen
analysis was performed and azoospermia was discovered.

Among remaining 12 patients, five were adults (nos. 44–47
and 49) but reported no current or past cohabitation with fe-
male partner, and seven were children or adolescents (nos. 8,
16, 29–33). One adolescent and one adult patient had low
levels of inhibin-B and high levels of FSH (nos. 33 and 49),
one adult had low inhibin-B level and suppressed gonadotro-
pins (no. 45), one adult had low level of inhibin-B and normal
level of FSH (no. 44), and two adults had normal levels of
inhibin-B and FSH (nos. 46 and 47) (Table 1). Semen analysis
pe r fo rmed in pa t i en t nos . 45 and 49 revea l ed

oligoasthenozoospermia and azoospermia, respectively.
Three adults (nos. 44, 46, and 47) were not motivated to per-
form it.

Among 36 patients without TART, lower levels of inhibin-
B but normal levels of FSH at the time of ultrasound exami-
nation were found in one poor regulated patient (no. 6), three
adequately regulated patients (nos. 22, 28, and 43), and two
patients with significantly advanced BA (nos. 9 and 10).

Seven patients without TART are married and living with
female partner. All of them fathered at least one child natural-
ly. One SW patient (no. 43) had one child, three SV patients
(nos. 37, 38, and 40) had two children each, one NC patient
(no. 42) had two children, one of 11-OHD patients (no. 41)
had two children, and other (no. 35) had one child. The re-
maining 29 patients without children were under aged or are
not living with female partner. None of the 51 patients report-
ed homosexuality or bisexuality.

Discussion

Frequency of TART in our study that comprised 51 CAH
patients aged 1.8 to 40 years was 29%. Testicular adrenal rest
tumor was found exclusively in SW patients due to 21-OHD
and 11-OHD CAH patients. This is in concordance with other
reports of TART findings mainly in SW 21-OHD and 11-
OHD patients, rarely in SV 21-OHD patients [2, 10, 27, 32]
but only in two NC 21-OHD patients [14]. Although less often
TARTs can be already present in childhood [13–18], its prev-
alence increases during and after puberty, and in adulthood,
they can be found in 34–70% of patients [3, 14, 18].

Except in 1.8-year-old patient (no. 1), to the best of our
knowledge, the youngest patient reported with TART detected
by ultrasound examination, and the 10.2-year-old patient (no.
16), TART in our group of CAH patients was discovered only
during puberty (nos. 29–33) and adulthood (nos. 44–51).
However, since in three of five pubertal patients (nos. 29,
30, and 33) TARTs were already stage 3 or 4 at the time of
first ultrasound examination, it is highly likely that the onset of
tumor growth was in prepubertal period. This indicates that
ultrasound screening of TART should be initiated already in
early childhood, particularly keeping in mind that in only one
of our patients TARTwas suspected by clinical examination.

In all of patients, TARTs were located within the rete
testes (bilaterally in 12 and unilaterally in 3) and those
were predominately hypoechoic lesions what is in concor-
dance with other reports [6, 8, 10, 17, 26, 27]. Poyrazoglu
et al. reported higher prevalence of testicular microlithiasis
in CAH patients with TART [24] , but in this study, it was
detected only in one patient without TART (no. 40). The
volume of testes with TART can be increased [21], but
mostly remains normal or below normal [16, 27], as we
also ascertained in our patients.
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There are different opinions regarding the role of disease
control in the development of TART. Some investigators sug-
gest positive association between levels of ACTH and 17-
OHP, frequency, and size of TARTs [18, 22, 23]. Other studies
demonstrated no correlation of hormone control with TART
volume and association between long-term parameters of dis-
ease control and presence of TART [3, 6, 27].

In our group of 15 patients with TART, eight (53%) showed
signs of poor long-term control (advanced BA and significant
difference between FH and TH), and in five of them, signs of
poor hormonal regulation at the time of investigation were
established. The remaining seven patients were well con-
trolled. Among 36 patients without TART, 12 (33%) showed
signs of poor long-term regulation. Moreover, signs of poor
hormonal regulation at the time of investigation were
ascertained in four of them. More frequent discovering
TART in poorly controlled CAH patients suggests that control
of disease plays role in TART development, but considering
number of inadequately regulated patients without TART, and
adequately regulated patients without TART, the regulation of
the disease is not the only factor that influences tumor
development.

All of 14 21-OHD patients with TART had exclusively
mutations from group null and A, and in 10 of them (77%),
deletion or conversion was detected (the frequency of deletion
or conversion in classical 21-OHD patients in Croatian popu-
lation is 18.8%) [13]. Our results are in accordance with re-
sults of Stikkelbroeck et al. [31] and Mouritsen et al. [21],
which found that TART is most frequently detected in patients
with severe CYP21A2 mutations, and in such patients, TART
may occur already in early childhood.

Many recent investigations have shown low fertility rates
in male CAH patients as a result of hypergonadotropic or
hypogonadotropic hypogonadism [3, 25, 28].

The most common cause of hypergonadotropic
hypogonadism in these patients is TART, which can
cause infertility by compression of the rete testis and
seminiferous tubules leading to obstructive azoospermia.
It may be reversible in early stages of development when
intensification of treatment might decrease tumor size
and improve testicular function and fertility, indicating
early screening of TART by ultrasonography to prevent
testicular dysfunction [2, 18, 31]. Further growth can
lead to irreversible damage of surrounding testicular tis-
sue affecting endocrine and exocrine testicular function
[7]. Particularly affected is secretion of hormones in-
volved in FSH feedback control such as inhibin-B, and
prevalence of low levels of inhibin-B and high levels of
FSH was higher in CAH patients with TART than in
those without tumor [3, 25].

In addition to mechanical obstruction, toxic effect of local
adrenal steroids or metabolites derived from adrenal rest can
impair Sertoli and/or germ cells [18].

King et al. [18] found that suppressed LH (which is often
reversible) was the strongest predictor of severe oligospermia,
although they did not find an association with the presence of
TART or with reduced fertility outcome.

Among 15 patients with TART in our study, low levels
of inhibin-B were found in six of them. Three of these 15
patients (nos. 48, 50, and 51) had attempted to father a
child, but never succeeded. Presumable cause of azoosper-
mia in these three patients, similar to patient no. 49, was
TART, since all of them had low inhibin-B levels and high
levels of FSH. This is in concordance with results of
Reisch et al., who found positive correlation of inhibin-B
with sperm concentration considering that inhibin-B is a
reliable marker of Sertoli cell function in adult CAH pa-
tients with TART. Oligoasthenozoospermia discovered in
patient no. 45 with low inhibin-B level, suppressed level of
gonadotropins, and small TARTs (stage 2) probably is pri-
marily caused by hypogonadotropic hypogonadism.

Among 36 patients without TART, lower levels of inhibin-
B were found in six of them, but without elevated FSH levels,
which according to King et al. [18] is exclusively associated
with the presence of TART. Five of these six patients were
children or adolescents (nos. 6, 9, 10, 22, and 28), while one
adult (no. 43) fathered one child. It is interesting that
Martinez-Aquajo et al. [20] found lower levels of inhibin-B
in prepubertal boys with CAH in the absence of TART,
supporting the hypothesis of impaired Sertoli cell develop-
ment in CAH patients independent of TART presence. On
the other hand, Claaashen-van dr Grinten H.L. et al. found
normal levels of inhibin-B in 15 of 16 CAH patients with
TART aged 10 to 19 years [5].

Considering the size of TARTs, restoration of spermatogen-
esis in azoospermic patient nos. 48–50 and 51 cannot be ex-
pected irrespective of intensification of glucocorticoid therapy
(patient nos. 48 and 50 even show adequate regulation) and
surgical intervention was considered. Since removal of TART
by testis sparing surgery in order to eliminate obstruction of
the seminiferous tubules was found to have no effect on im-
provement of semen quality and can even contribute to further
testicular damage, this option was abolished [7].

As possibility of sperm cryopreservation was missed due to
late discovering of TARTs, real treatment option for three of
them could be a combination of testicular sperm extraction
and intracytoplasmic sperm injection. Sperm retrieval, simul-
taneous with tumor resection, recently performed in two CAH
patients with TART, is offered as a new treatment approach
[17].

On the other side, optimization of glucocorticoid treatment
in the patient no. 45 with hypogonadotropic hypogonadism
and small TARTs leading to decrease in adrenal androgen
production and their conversion to estrogens and normalizing
suppressed gonadotropins can result in improving of
spermatogenesis.
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In conclusion, this study demonstrated that presence of
TART is associated with severity of disease and disease con-
trol is one of the factors influencing tumor development.

One of the reasons of very low frequency of TART in
younger age groups can be delay of tumor screening during
childhood (in some of our puberty patients, TARTwas already
grade ¾ at the time of first examination). As our youngest
patient with TARTwas 1.8 years old, we recommend screen-
ing by TU already from early childhood. TART impairs go-
nadal function and significantly rises the risk of infertility.
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