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Introduction

ABSTRACT
Objective: Early diagnosis and treatment of testicular adrenal rest tumors
(TART) is important for gonadal functions and fertility protection in boys with
congenital adrenal hyperplasia (CAH). In this descriptive study, we
investigated the prevalence of TART in boys with 21-hydroxylase deficient
(21OHD) CAH followed in our pediatric endocrine clinic.
Methods: The study group consisted of 14 male patients with a mean age of
9.6±5.1 (range: 0.8-18.3) years. Six (42.9%) of the 14 patients were diagnosed
as having salt-wasting type (SW) and eight (57.1%) patients - as having the
simple virilizing (SV) form of 21OHD. Mean age at diagnosis was 2.9±2.7
(range: 0.03-6.3) years. Two different radiologists performed scrotal
ultrasonography. Chronological age, bone age, and anthropometric
measurements were evaluated. Serum adrenocorticotropic hormone (ACTH),
17-alpha-hydroxyprogesterone (17OHP) and androstenedione levels were also
evaluated in all patients during the follow-up period.
Results: Scrotal ultrasonography revealed bilateral TART in two patients
(14.3%) and testicular microlithiasis (TM) in four patients (28.6%). One
patient had both TART and TM bilaterally. During the follow-up period, the
mean serum adrenocorticotropic hormone, 17OHP and androstenedione
levels in the total group of patients were 130.0±179.1 pg/mL (21.7-726.5),
5.8±3.3 ng/mL (0.8-11.4) and 4.3±4.1 (0.2-11.0) ng/mL, respectively.
Conclusions: Microlithiasis or TART may be frequently encountered during the
follow-up of patients with CAH. In order to prevent late complications including
infertility, we suggest that ultrasonographic evaluations be performed yearly in
all male CAH patients.
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Congenital adrenal hyperplasia (CAH) is an inherited disease
caused by deficiency of certain enzymes responsible for adrenal
steroid synthesis. In about 90% of all CAH cases, the deficient
enzyme is 21-hydroxylase. The aim of the treatment is to replace
the deficient hormones, namely, the glucocorticoids and
mineralocorticoids. However, achieving a good compliance in
these patients is not always easy. While excessive exposure to
glucocorticoids may result in obesity, short stature, and
hypertension, insufficient replacement may lead to excessive
exposure to adrenal androgens and resultant problems such as
precocious pubertal development and premature closure of the
epiphyses. The most important problem that these patients suffer
from in adult life is infertility (1).
In male CAH patients, suppression of the hypothalamichypophyseal-gonadal axis by excessive adrenal androgens and
testicular adrenal rest tumors (TART) are reported to be the two
most important causes of infertility (2,3,4).
TART were first described in 1940 as testicular masses in
patients with CAH due to 21-hydroxylase deficiency (21OHD) (5).
TART may cause infertility by compressing the neighboring
testicular tissues, resulting in oligospermia, or by paracrine
effects of steroids secreted by the tumor tissues (4,6).
The early diagnosis of these lesions, being benign in nature,
and the implementation of appropriate treatment approaches are
important for the protection of gonadal functions and fertility in
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male patients with CAH due to 21OHD. The aim of the present
study was to determine the prevalence of TART in boys with
CAH due to 21OHD.

Methods
Scrotal ultrasonography was performed in all 14 male
children with CAH due to 21OHD who were being regularly
followed in our pediatric endocrine unit and who were included in
this descriptive study. The mean age of the patients was 9.6±5.1
(range: 0.8-18.3) years and the mean follow-up duration was
5.6±3.6 (range: 0.7-11.9) years at the time of the study. The study
protocol was approved by the Ethics Committee of Uludağ
University Faculty of Medicine. Informed consent was obtained
from all parents and from patients above 7 years of age.
Six (42.9%) of the 14 patients were diagnosed as suffering
from the salt-wasting type (SW) of 21OHD and eight (57.1%) as having the simple virilizing (SV) form (Tables 1 and 2). Clinical
diagnosis was confirmed by hormonal profiles in all patients.
Mutation analyses could not be performed. We defined adequate
control of CAH as having a mean serum level of 17-alphahydroxyprogesterone (17OHP) ≤10 ng/mL before the morning
glucocorticoid dose during the follow-up period (1).
In the total group, the mean age at diagnosis was 2.9±2.7
(range: 0.03-6.3) years, being 0.1±0.2 (0.03-0.5) years in SW
patients and 4.9±1.4 (2.7-6.3) years in SV patients. All patients
were treated with hydrocortisone or other pharmacologically

equivalent glucocorticoids. The mean hydrocortisone dose was
16.2±3.8 (12-25) mg/m²/day during the follow-up period. Nine of
the patients also received fludrocortisone therapy in a dose of
0.05 to 0.2 mg/day (Table 3). Five of the patients (patients 3, 5, 9,
10 and 12) received a combination treatment of leuprolide
acetate and cyproterone acetate because of central precocious
puberty. In addition to these therapies, four patients (patients
5,9,10,12) also received growth hormone treatment. Patient 13
was given tamoxifen treatment for gynecomastia for one year.
Anthropometric measurements, physical examination, and
hormone assays were performed in all patients every three
months during the follow-up period. Pubertal development was
evaluated according to Tanner staging. Prader orchidometer was
used for measurements of testicular volume. Bone age
assessment was done according to the Greulich and Pyle
method.
A spermiogram was performed in patient 3 at ages 13 and
14.5 years.
Scrotal ultrasonography was performed in supine position
using a Toshiba Aplio SSA 770, Tokyo, Japan with 7-10-MHz
high-frequency linear-array transducer and was evaluated by two
radiologists at the same time. Testicles were assessed in at least
two dimensions.
Hormone assays
Mean serum adrenocorticotropic hormone (ACTH),
androstenedione, and 17OHP levels were calculated from
measurements recorded in the patient files during the follow-

Table 1. Patient characteristics at the time of scrotal ultrasonography
Patient
No

Type

Age at
diagnosis
(years)

Chronological
age
(years)

Bone
age
(years)

TV
(mL)
R/L

Height
SDS

Weight
SDS

BMI
SDS

Follow-up
duration
(years)

1

SW

0.5

1.7

NA

1/1

-1.93

-0.06

NA

1.08

2

SW

0.03

6.5

7

1/1

-0.65

-0.19

0.42

3.0

3

SV

5.0

15.6

16

20/20

-2.58

-1.13

0.42

8.58

4

SV

3.1

7.5

10.5

3/3

0.73

0.65

0.37

4.33

5

SV

5.3

11.1

9.75

12/12

0.43

0.72

0.82

5.83

6

SV

2.7

6.2

12.5

2/2

-1.1

-0.04

1.03

3.5

7

SW

0.1

14.0

15

12/12

-0.36

0.96

1.3

4.33

8

SW

0.1

11.9

12

15/15

0.75

2.8

2.54

11.83

9

SV

4.6

11.1

15.5

25/25

1.87

1.67

1.26

6.58

10

SV

6.3

14.3

15.5

15/20

0.05

0.26

0.24

7.92

11

SW

0.1

0.8

NA

2/2

-0.22

-1.43

NA

0.66

12

SV

6.3

8.7

14

3/3

0.71

1.85

1.86

2.41

13

SV

6.3

18.3

18

25/25

-1.43

1.39

2.01

11.92

14

SW

0.1

7.0

9.5

3/3

-0.33

0.52

1.03

6.92

TV: testicular volume, R: right, L: left, SDS: standard deviation score, USG: ultrasonography, NA: not available, BMI: body mass index, SW: salt-wasting, SV: simple virilizing
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Table 2. Laboratory evaluation of the patients
Serum hormone levels
Patient
No

USG
TART
(R/L)

USG
TM
(R/L)

Metabolic
Control

FSH
(mU/mL)

LH
(mU/mL)

TT
(ng/mL)

FT
(pg/mL)

1

-/-

-/-

2

-/-

-/-

Adequate

<0.08

0.01

Adequate

0.09

3

+/+

-/-

Adequate

0.01

4

-/-

-/-

Poor

5

-/-

-/-

Adequate

6

-/-

-/-

Adequate

7

-/-

-/-

Adequate

6.02

2.6

2.9

8

-/-

-/-

Adequate

4.51

3.97

2.33

9

+/+

+/+

Adequate

2.59

1.14

4.33

4

10

-/-

+/+

Adequate

5.18

2.01

1.14

4.0

11

-/-

-/-

Adequate

12

-/-

-/+

Adequate

0.25

0.23

2.28

13

-/-

+/+

Poor

2.32

2.91

4.42

14

-/-

-/-

Adequate

1.08

1.7

1.4

5.83

4.01

2.78

0.66
0.59

1.2
1

5.37

0.1

USG: ultrasonography, TART: testicular adrenal rest tumor, R: right, L: left, TM: testicular microlithiasis, FSH: follicle-stimulating hormone, LH: luteinizing hormone, TT: total testosterone,
FT: free testosterone

Table 3. Medical treatment of the patients
Patient
No

USG
TART
(R/L)

USG
TM
(R/L)

Mean
hydrocortisone
dose
(mg/m²/day)

Fludrocortisone
dose
(mg/day)

Leuprolide
acetate(1)

Cyproterone
acetate(1)

Tamoxifen(1)

Growth
hormone(1)

1

-/-

-/-

12

0.05

-

-

-

-

2

-/-

-/-

17.3

0.1

-

-

-

-

3(2)

+/+

-/-

21.8

0.2

(?)

(?)

-

-

4

-/-

-/-

18.3

0.1

-

-

-

-

5

-/-

-/-

13.3

-

(3.41)

(3.41)

-

(3.41)

6

-/-

-/-

16.6

0.1

-

-

-

-

7

-/-

-/-

16.2

0.15

-

(?)

-

-

8

-/-

-/-

13

0.1

-

-

-

-

9

+/+

+/+

18.4

-

(3.25)

(3.25)

-

(2.83)

10

-/-

+/+

14.7

-

(6 )

(6)

-

(6.5)

11

-/-

-/-

12

0.2

-

-

-

-

12(3)

-/-

-/+

13.7

-

(2.91)

(2.91)

-

(1.91)

13

-/-

+/+

14.2

-

-

-

(1)

-

14

-/-

-/-

25

0.1

-

-

-

-

USG: ultrasonography, TART: testicular adrenal rest tumor, R: right, L: left, TM: testicular microlithiasis
(1) Additional medication and duration of treatment (years).
(2) Patient 3 had leuprolide acetate and cyproterone acetate therapy in another pediatric endocrinology center. Medication duration is unknown.
(3) Patient 12 is still on leuprolide acetate, cyproterone acetate and growth hormone therapy.
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up period. Serum follicle- stimulating hormone (FSH),
luteinizing hormone (LH), total testosterone (TT), and free
testosterone (FT) levels were measured during the study
period, before or just after the scrotal ultrasonography in
patients whose pubertal stage was advanced (Tanner stage
≥2 according to testicular volume).
Serum
ACTH
levels
were
measured
by
electrochemiluminescence immunoassay (ECLIA), Cobas e
411 analyzer using Roche kit.
Serum 17OHP and FT levels were measured using enzymelinked immunosorbent assay (ELISA) kit (DRG instruments
GmbH, Germany).
Serum FSH, LH, TT and androstenedione levels were
measured by the chemiluminescent microparticle immunoassay
(CMIA) method on an Architect i2000 analyzer using
Architect/Abbott kit.

mL and 25 mL, respectively. One patient (patient 12) had
unilateral (left) TM, and three patients (patients 9,10 and 13) had
bilateral TM (Tables 2 and 3). Patient 5 had bilateral hydrocele.
The mean serum ACTH, 17OHP and androstenedione levels
in the total group of patients during the follow-up period were
130.0±179.1 pg/mL (21.7-726.5), 5.8±3.3 ng/mL (0.8-11.4) and
4.3±4.1 (0.2-11.0) ng/mL, respectively. In the patients with both
TART and TM, the mean serum ACTH, 17OHP and
androstenedione levels were 75.0±5.3 (27- 161.8) pg/mL,
7.4±2.6 (4.7- 10.3) ng/mL, and 5.2±4.8 (0.4- 10.3) ng/mL,
respectively during the follow-up period. The mean serum
ACTH, 17OHP and androstenedione levels were 160.5±218.1
(21.7-726.5) pg/mL, 4.9±3.4 ng/mL (0.8-11.4), and 3.7±3.7 (0.211.0) ng/mL, respectively in the patients with neither TART nor

Results
Scrotal ultrasonography revealed bilateral TART in 2 patients
(14.3%; patients 3 and 9) and testicular microlithiasis (TM) in 4
patients (28.6%; patients 9,10,12 and 13) (Figures 1 and 2). One
patient (patient 9) had both TART and TM bilaterally. All patients
with TART and TM had the SV form of 21OHD.
Patient 3 had large bilateral testicular tumors visualized over
almost three quarters of the scrotal area (Figure 2). This patient
had been followed in another pediatric endocrinology center. His
age at diagnosis was 5 years. Bilateral TART were detected by
scrotal ultrasonography performed at age 12 years. At this time,
steroid dose was increased to a dose equivalent to 30
mg/m²/day of hydrocortisone. After one year of therapy, his
TART disappeared both on scrotal ultrasonography and scrotal
magnetic resonance imaging. Unfortunately, bilateral TART
reappeared after decreasing the steroid dose. This patient was
included in the adequate metabolic control group because his
mean serum 17OHP level was 9.7 ng/mL during the follow-up
period. The dimensions of TART were 29x26x35 mm in the right
testicle and 29x27x35 mm in the left testicle. At thirteen years of
age, his spermiogram showed one or two motile sperms in rare
areas. We performed a testicular biopsy in this patient for
evaluation of residual testicular tissue. The biopsy material
showed adrenal rest tumors bilaterally and normal testicular
tissue with mild focal dilatation in the seminiferous tubules. TART
resection was not performed. This patient still receives highdose steroid treatment.
Patient 9 had bilateral lobulated testicular masses (26x20x9.5
mm in the right and 30x14x7.5 mm in the left testicle), as well as
microcalcifications in the tumoral areas. This patient’s mean
serum 17OHP level was 4.7 ng/mL during the follow-up period
and his metabolic control was adequate. In the above-mentioned
two patients with TART, the scrotal examination revealed no
palpable masses and the testis volumes were measured to be 20

Figure 1. White arrows show testicular microlithiasis in patient number 13

Figure 2. Bilateral testicular adrenal rest tumors in patient 3. The right
testicle (RT) is shown on the left and the left testicle (LT) - on the right side
of the picture. The hyperechogenic area left of the right testicle shows
normal testicular tissue compressed by hypoechogenic TART
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TM. In the patients in advanced pubertal stages (testicular
volume ≥ 4mL), serum FSH, LH, TT and FT levels were evaluated
as well. Hormonal profile and the ultrasonographic findings of
the patients are summarized in Table 2.

Discussion
Embryological development of the adrenal cortex occurs in
close proximity to the gonads. It has been suggested that
adrenal rest tumors consist of adrenal tissues localized in the
scrotum, within the testicles (7). In patients with CAH, TART are
usually bilaterally localized, and tumor size decreases with
adequate steroid replacement therapy (8). It has been reported
that these tumors cause infertility in adult life via destruction of
the normal testes in patients with CAH (9). On the other
hand, pathophysiology of the TM is not clearly understood;
however, its association with cryptorchidism, infertility,
varicocele, testicular torsion, calcification of the brain and
sympathic nervous system, Down syndrome, male
pseudohermaphroditism, Klinefelter syndrome, Carney complex,
cystic fibrosis, germ cell tumors, and carcinoma has been
reported (10,11,12,13,14,15). Poyrazoglu et al (16) recently
performed scrotal ultrasonography in 41 patients with CAH and
reported that 9 (21.9%) patients had TM and 9 (21.9%) had
TART. Four patients in this cohort had concomitant TART and
TM. To our knowledge, this study was the first report on TM in
CAH patients. In our small group of patients, TART were less
frequent (14.3%), but TM prevalence was slightly higher (28.6%)
than that reported in Poyrazoglu’s study. One of our patients had
concomitant TART and TM.
Electron microscopic appearance of TART cells resembles
that of Leydig cell tumors. These tumor cells show steroidsecreting cell characteristics. However, unlike Leydig cell tumors,
TART cells do not contain Reinke crystalloids (8). Val et al (17)
described new cells in mice testicles and reported that these
cells, visible during the embryonic period, were also found in
adulthood. These new cells are called adrenal-like cells of the
testis and have both adrenal and Leydig cell properties
responding to both ACTH and human chorionic gonadotropin
(hCG) stimulation. Although they have adrenal cell markers, these
cells do not contain insulin-like factor 3 (INSL3), which is
accepted to be a specific marker of Leydig cells. These
investigators suggested that the hyperplasia of these cells might
be responsible for developing TART. However, it has also been

reported that unlike fetal mice testicles, human fetal testicles do
not contain ACTH receptors. On the other hand, receptors on
tumor cells are responsive to ACTH and angiotensin II. In
addition, TART have also been associated with conditions
showing high ACTH levels such as Nelson’s syndrome
(17,18,19,20). Some authors reported that some of their wellcontrolled CAH patients had TART and that adequate
suppression of ACTH secretion with high-dose glucocorticoid
treatment was not always successful in reducing tumor size;
thus they suggested the presence of growth-promoting factors
other than ACTH (4,16). Our patients with TART had adequate
metabolic control. However, in one patient (patient 3), TART size
showed a decrease after a high-dose steroid treatment. We had
only two poor metabolic control patients; one of them had TM
and the other had neither TM nor TART.
The prevalence of TART in CAH patients varies between 0
and 95%, depending on tumor investigation methods, and
shows an increase with age (4). Shanklin et al (21) have reported
that three of seven CAH patients under eight weeks of age had
TART in autopsy material. It has been reported that 15% of
newborns who had inguinal exploration performed for various
reasons were found to have ectopic adrenal rest tissues in their
testicles and spermatic cords (22,23). Although adrenal rest
tumors are predominantly seen in testicles, they may also occur
in the celiac plexus, spermatic cord, liver, spinal canal, perirenal
tissue, and ovaries (24,25,26,27,28,29).
TART are localized in rete testis near the testicular
mediastinum and are seen as hypoechoic masses on
ultrasonography (30). The majority of TART cause infertility by
compressing the seminiferous tubules. It has also been
hypothesized that these tumors may induce toxic paracrine
effects on Leydig and/or germ cells by producing steroids
(androgens and 17OHP) (30,31,32). In 2009, Claahsen-van der
Grinten et al (30) suggested a staging system for TART
(Table 4). According to this staging system, tumors at or higher
than stage III must be surgically removed. Two of our patients
had large TART in the testicular mediastinum and were
classified as tumor stage III. Since one of these patients (patient
3) had large, relapsing TART bilaterally, we performed a testicular
biopsy only in this patient to evaluate the residual testicular tissue
and to decide whether to apply surgical resection. The biopsy of
the patient showed normal testicular tissue and mild focal
dilatation in seminiferous tubules. This patient is still being seen
periodically.

Table 4. Proposed classification of testicular adrenal rests (30)
Stage 1: Presence of adrenal rests within the rete testis – not detectable
Stage 2: Hypertrophy and hyperplasia of adrenal rest cells due to growth-stimulating factors (e.g., ACTH)
Stage 3: Further growth of the adrenal rest cells with (reversible) compression of the rete testis
Stage 4: Induction of fibrosis and focal lymphocytic infiltrates
Stage 5: Irreversible damage of testicular parenchyma. Parts of tumor are replaced by adipose tissue
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Four of our patients had TM. The exact mechanism for
formation of TM is unknown. It is speculated that degenerated
seminiferous tubule epithelium covered with glycoprotein and
calcium layers is responsible for the formation of TM.
Prevalence of TM has been reported to be between 0.6% and
9% in the normal population (33,34,35). In our small study
group, we found TM in 28.6% of patients, a rate, apparently
higher than that in the normal population. TM was first reported
in the autopsy material of a four-year-old healthy boy in 1970
(36). In 1987, it was sonographically visualized (14).
Ultrasonography shows that TM has a hyperechogenic image.
The size of the acoustic shadow differs between 1 to 3 mm and
is usually seen in the testicular parenchyma, spreading
peripherally or segmentally. TM is usually localized bilaterally,
but may be unilateral (33). Our patients had bilateral TM except
for one patient (patient 12 who had unilateral TM in his left
testicle). Three of our 4 patients with TM (patients 9, 10 and 12)
were treated with gonadotropin-releasing hormone (GnRH)
agonists leuprolide acetate and cyproterone acetate for central
precocious puberty. The mean duration of leuprolide acetate
therapy was 4.05 years in these three patients with TM. One of
these four patients (number 13) did not receive GnRH agonist
treatment, because he did not have central precocious
puberty; but he had gynecomastia and therefore tamoxifen
treatment was given for one year.
We found that hormonal profile and/or level of therapeutic
control of CAH did not provide a risk factor or etiologic
implication for the development of TART or TM in our patients.
Although TART was detected in a patient with poor compliance
to treatment, resolved after higher dose of hydrocortisone and
recurred after decreasing the dose, we cannot draw a
conclusion from this limited observation. However, since TART
cells are responsive to both ACTH and hCG, it can be
speculated that adequate suppression of ACTH with
appropriate glucocorticoid replacement may prevent or at least
decrease the possibility of TART in patients with CAH. This
possibility must be further explored in larger patient populations
followed for longer periods of time.
In conclusion, we recommend yearly scrotal
ultrasonographic evaluation in all male patients with CAH in order
to prevent late complications including infertility.

References
1. New MI, L. Ghizzoni, K. Lin-Su. An Update of Congenital Adrenal
Hyperplasia. In: Lifshitz F (ed) Pediatric Endocrinology Fifth ed.
New York, Informa Health, 2007;227-245.
2. Claahsen-van der Grinten HL, Stikkelbroeck NM, Sweep CG,
Hermus AR, Otten BJ. Fertility in patients with congenital adrenal
hyperplasia. J Pediatr Endocrinol Metab 2006;19:677-685.
3. Reisch N, Flade L, Scherr M, Rottenkolber M, Pedrosa Gil F,
Bidlingmaier M, Wolff H, Schwarz HP, Quinkler M, Beuschlein
F, Reincke M. High prevalence of reduced fecundity in men
with congenital adrenal hyperplasia. J Clin Endocrinol Metab
2009;94:1665-1670.

4. Stikkelbroeck NM, Otten BJ, Pasic A, Jager GJ, Sweep CG,
Noordam K, Hermus AR. High prevalence of testicular adrenal
rest tumors, impaired spermatogenesis, and Leydig cell failure
in adolescent and adult males with congenital adrenal
hyperplasia. J Clin Endocrinol Metab 2001;86:5721-5728.
5. Wilkins L, Fleishmann W, and Howard JE. Macrogenitosomia
precox associated with hyperplasia of the androgenic tissue of
the adrenal and death from corticoadrenal insufficiency.
Endocrinology 1940;26:385-395.
6. Murphy H, George C, de Kretser D, and Judd S. Successful
treatment with ICSI of infertility caused by azoospermia
associated with adrenal rests in the testes. Hum Reprod
2001;16:263-267.
7. Barwick TD, Malhotra A, Webb JA, Savage MO, Reznek RH.
Embryology of the adrenal glands and its relevance to
diagnostic imaging. Clin Radiol 2005;60:953-959.
8. Rutgers JL, Young RH, Scully RE. The testicular “tumor” of the
adrenogenital syndrome. A report of six cases and review of
the literature on testicular masses in patients with
adrenocortical disorders. Am J Surg Pathol 1988;12:503-513.
9. Claahsen-van der Grinten HL, Otten BJ, Hermus AR, Sweep FC,
Hulsbergen-van de Kaa CA. Testicular adrenal rest tumors in
patients with congenital adrenal hyperplasia can cause severe
testicular damage. Fertil Steril 2008;89:597-601.
10. Furness PD 3rd, Husmann DA, Brock JW 3rd, Steinhardt GF,
Bukowski TP, Freedman AL, Silver RI, Cheng EY. Multiinstitutional study of testicular microlithiasis in childhood: a
benign or premalignant condition? J Urol 1998;160:1151-1154.
11. Janzen DL, Mathieson JR, Marsh JI, Cooperberg PL, del Rio
P, Golding RH, Rifkin MD. Testicular microlithiasis:
sonographic and clinical features. AJR Am J Roentgenol
1992;158:1057-1060.
12. Thomas K, Wood SJ, Thompson AJ, Pilling D, Lewis-Jones DI.
Incidence and significance of testicular microlithiasis in a
subfertile population. Br J Radiol 2000;73:494-497.
13. Ganem JP, Workman KR, Shaban SF. Testicular microlithiasis is
associated with testicular pathology. Urology 1999;53:209-213.
14. Doherty FJ, Mullins TL, Sant GR, Drinkwater MA, Ucci AA Jr.
Testicular microlithiasis. A unique sonographic appearance. J
Ultrasound Med 1987;6:389-392.
15. Frush DP, Kliewer MA, Madden JF. Testicular microlithiasis
and subsequent development of metastatic germ cell tumor.
AJR Am J Roentgenol 1996;167:889-890.
16. Poyrazoglu S, Saka N, Agayev A, Yekeler E. Prevalence of
testicular microlithiasis in males with congenital adrenal
hyperplasia and its association with testicular adrenal rest
tumors. Horm Res Paediatr 2010;73:443-448.
17. Val P, Jeays-Ward K, Swain A. Identification of a novel
population of adrenal-like cells in the mammalian testis. Dev
Biol 2006;299:250-256.
18. Claahsen-van der Grinten HL, Otten BJ, Sweep FC, Span
PN, Ross HA, Meuleman EJ, Hermus AR. Testicular tumors
in patients with congenital adrenal hyperplasia due to
21- hydroxylase deficiency show functional features of
adrenocortical tissue. J Clin Endocrinol
Metab
2007;92;3674-3680.
19. Seidenwurm D, Smathers RL, Kan P, Hoffman A. Intratesticular
adrenal rests diagnosed by ultrasound. Radiology
1985;155:479-481.
20. Johnson RE, Scheithauer B. Massive hyperplasia of testicular
adrenal rests in a patient with Nelson’s syndrome. Am J Clin
Pathol 1982;77:501-507.
21. Shanklin DR, Richardson AP Jr, Rothstein G. Testicular hilar
nodules in adrenogenital syndrome. The nature of the nodules.
Am J Dis Child 1963;106:243-250.

99

Çakır EDP et al.
Adrenal Rest Tumor

22. Sullivan JG, Gohel M, Kinder RB. Ectopic adrenocortical tissue
found at groin exploration in children: incidence in relation to
diagnosis, age and sex. BJU Int 2005;95:407-410.
23. Souverijns G, Peene P, Keuleers H, Vanbockrijck M. Ectopic
localisation of adrenal cortex. Eur Radiol 2000;10:1165-1168.
24. Savas C, Candir O, Bezir M, Cakmak M. Ectopic
adrenocortical nodules along the spermatic cord of children.
Int Urol Nephrol 2001;32:681-685.
25. Ozel SK, Kazez A, Akpolat N. Presence of ectopic
adrenocortical tissues in inguinoscrotal region suggests an
association with undescended testis. Pediatr Surg Int
2007;23:171-175.
26. Mendez R, Tellado MG, Somoza I, Liras J, Sanchez-Abuin A,
Pais E, Vela D. Ectopic adrenal tissue in the spermatic cord in
pediatric patients: surgical implications. Int Braz J Urol
2006;32:202-207.
27. Ventura L, Leocata P, Hind A, Greco I, Ventura T. Ectopic adrenal
tissue in the spermatic cord. Case report and review of the
literature. Arch Ital Urol Androl 1998;70:15-18.
28. Kepes JJ, O'Boynick P, Jones S, Baum D, McMillan J, Adams
ME. Adrenocortical adenoma in the spinal canal of an 8-year old
girl. Am J Surg Pathol 1990;14:481-484.
29. Tajima T, Funakoshi A, Ikeda Y, Hachitanda Y, Yamaguchi M,
Yokota M, Yabuuchi H, Satoh T, Koga M. Nonfunctioning
adrenal rest tumour of the liver: radiologic appearance. J
Comput Assist Tomogr 2001;25:98-101.

100

30. Claahsen-van der Grinten HL, Hermus AR, Otten BJ. Testicular
Adrenal Rest Tumours in Congenital Adrenal Hyperplasia. Int J
Pediatr Endocrinol 2009;2009:624823. (Epub 2009 Feb 26)
31. Clark RV, Albertson BD, Munabi A, Cassorla F, Aguilera G,
Warren DW, Sherins RJ, Loriaux DL. Steroidogenic enzyme
activities, morphology,and receptor studies of a testicular
adrenal rest in a patient with congenital adrenal hyperplasia. J
Clin Endocrinol Metab 1990;70:1408-1413.
32. Combes-Moukhovsky ME, Kottler ML, Valensi P, Boudou P,
Sibony M, Attali JR. Gonadal and adrenal catheterization during
adrenal suppression and gonadal stimulation in a patient with
bilateral testicular tumors and congenital adrenal hyperplasia. J
Clin Endocrinol Metab 1994:79:1390-1394.
33. Kocaoglu M, Bozlar U, Bulakbasi N, Saglam M, Ucoz T,
Somuncu I. Testicular microlithiasis in pediatric age group:
ultrasonography findings and literature review. Diagn Interv
Radiol 2005;11:60-65.
34. Höbarth K, Susani M, Szabo N, Kratzik C. Incidence of testicular
microlithiasis. Urology 1992; 40:464-467.
35. Ikinger U, Wurster K, Terwey B, Möhring K. Microcalcifications in
testicular malignancy: diagnostic tool in occult tumor? Urology
1982;19:525-528.
36. Priebe CJ, Garret R. Testicular calcifications in a 4-year-old boy.
Pediatrics 1970;46:785-788.

