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adrenal hyperplasia (CAH), with more than 90% of cases caused
by a deficiency of 21-a-hydroxylase.1,2 TARTs originate from
aberrant adrenal cells in the testes and can impair both
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Abstract: The aim of this study was to evaluate the imaging features of

testicular adrenal rest tumors (TARTs) on baseline ultrasound (BUS).

The imaging features of 30 TART lesions pathologically or clini-

cally confirmed in 15 patients who had undergone BUS were evaluated,

and the sonographic characteristics of the lesions were analyzed.

All 15 cases were bilateral and located near the testicular medias-

tinum. Approximately 56.7% (17/30) of the TART lesions exhibited

homogeneous hypoechogenicity, 36.7% (11/30) of the lesions exhibited

heterogeneous hypoechogenicity, and 6.6% (2/30) of the lesions exhib-

ited heterogeneous isoechogenicity. In addition, 76.7% (23/30) of the

lesions exhibited a rich blood supply, whereas 23.3% (7/30) of the

lesions exhibited a scarce blood supply.

The sonographic characteristics of the TARTs were bilateral growth,

location adjacent to the testicular mediastinum, hypoechogenicity, and

rich blood supply, which may play important roles in early clinical

diagnosis.

(Medicine 94(36):e1471)

Abbreviations: TART = testicular adrenal rest tumor, BUS =

baseline ultrasound, CAH = congenital adrenal hyperplasia.

INTRODUCTION

T esticular adrenal rest tumors (TARTs) are benign intrates-
ticular masses that occur in male patients with congenital
Chen, Yang Huang a Liu,
Lu, and Man-Xia Lin, MD, PhD

spermatogenesis and endocrine testicular function. Studies have
indicated that TARTs may be present in childhood, with an
increasing prevalence after the onset of puberty.3,4 Therefore,
the early detection of TARTs is important to preserve testicular
function, and scrotal baseline ultrasound (BUS) screening is
recommended beginning in early childhood. Although several
reports of TART sonographic features have been described
previously, the reports are limited by a small numbers of
cases5–7 or the old age of the patients.8,9 This situation
prompted us to investigate the sonographic features of TARTs
during puberty, evaluating patients no older than 18 years.

PATIENTS AND METHODS

Patients
From June 2009 to January 2015, 79 male patients had

been diagnosed as CAH and screened for testicular evaluation in
our institute, and only 15 patients had TARTs in this study. The
prevalence of TARTS in our patient population was 19% (15/
79), which was all bilateral, without unilateral. Written
informed consent was obtained from all patients, and the study
was approved by the first affiliated hospital of Sun Yat-Sen
University Institutional Review Board.

Ultrasound Equipment and BUS Examination
Two ultrasound machines were used in this study depend-

ing on their availability. The first machine was an High Density
Interconnector 5000 US machine (Phillips Healthcare, Tokyo,
Japan) equipped with a transducer with a frequency range of 7.0
to12.0 MHz. The other was an Aplio XV machine (Toshiba
Medical Systems, Tokyo, Japan) equipped with a transducer
with a frequency range of 7.5 to 10.0 MHz.

All BUS examinations were performed by 1 of 2 experi-
enced radiologists who had more than 3 years of experience in
diagnosing andrological diseases. The entire testicle was
scanned thoroughly using BUS, and the target lesions were
identified. The location, size, shape, boundary, and echogenicity
of the lesion, as well as the testicular size and the presence or
absence of the testicular mediastinum were recorded. After-
wards, the transducer was maintained in a stable position and
shifted to the color Doppler imaging mode, and the blood supply
of the lesions was recorded.10

RESULTS

Patient Characteristics
Fifteen male patients involved in this study were aged 4 to

17 years (mean age, 8.8� 3.8 years), height 104.6 to 172.5 cm
(mean height, 138.7� 22.5 years), and weighted 15 to 57 kg
14.0 kg). All of the patients had been
or at least 1 year; the blood pressure and
cases were all at normal levels; 33.3%
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TABLE 1. Basic Characteristics of Pubescent Patients With Congenital Adrenal Hyperplasia and Testicular Adrenal Rest Tumors

Patient
No.

Age,
years

Height,
cm

Weight,
kg

Blood
Pressure,

mmHg

Blood
Glucose,
mmol/L

Bone
Age
�
,

years

Testis by
Prader

Evaluation, mL Varicocele
Palpabe
Nodules

Gynecomastia
Prevalence

1 10 150.2 46.5 95/70 4.4 12 L5, R5y No Yes No
2 18 157.4 48.0 100/75 4.3 18 L11, R9 Yes Yes No
3 12 163.5 54.0 95/65 5.1 15 L12, R11 No Yes No
4 15 161.0 47.5 100/70 3.7 15 L7, R9 No Yes No
5 10 149.0 42.0 90/65 4.8 10 L4, R3 No No No
6 7 143.3 44.0 90/46 4.1 8 L5, R6 No No No
7 14 172.5 57.0 90/65 4.3 14 L4, R3 No No No
8 4 119.0 23.0 85/55 4.2 6 L2, R2 No Yes No
9 12 146.7 39.5 90/60 4.9 13 L4, R3 No Yes No
10 5 106.5 19.7 90/60 5.0 7 L3, R3 No No No
11 7 146.4 36.0 80/60 4.9 10 L5, R4 No No No
12 4 112.2 15.0 80/55 4.2 7 L1, R2 No No No
13 4 104.6 17.0 85/60 4 5 L1, R1 No No No
14 5 109.9 21.0 90/60 4.5 6 L3, R4 No No No
15 6 137.5 36.5 95/60 4.4 9 L1, R1 No No No

�
Bone age was determined according to the method of Greulich and Pyle, and an X-ray of the hand and wrist was taken.11

yL¼Left, R¼Right, means the volume of testis.

FIGURE 1. Testicular adrenal rest tumor was growing into testis (A). And immunohistochemistry showed that CD56 (B), inhibin (C), and
vimentin (D) were all positive, which was the pathological characteristics of adrenal gland.
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TABLE 2. The Basic Hormone Levels of Pubescent Patients With Congenital Adrenal Hyperplasia and Testicular Adrenal Rest
Tumors Before and After Operation and Hormone Therapy

LH, IU/L FSH, IU/L PRL, ng/mL P, ng/mL T, ng/mL E, pg/mL

Patient No. Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post

1 1.52 5.96 6.14 19.56 9.12 8.17 10.2 3.5 4.66 4.34 21 13
2 1.21 3.74 4.41 16.09 24.75 10.67 3.1 1.8 9.11 7.2 30 17
3 6.99 22.22 4.13 49.48 16.94 20.64 6.42 3.3 49.38 6.03 14.94 11
4 0.07 38.5 0.06 48.61 7.06 28.76 0.1 2.2 11.343 3.92 10 22
5 0.14 43.08 1.01 95.56 8.26 31.63 0.1 2.7 0.08 2.08 10 40
6 0.64 0.21 4.52 0.31 11.83 23.86 0.1 1.8 0.08 0.28 10 10
7 4.32 12.91 9.67 22.66 23.35 10.73 0.1 0.1 5.79 4.74 17 27
8 1.72 0.18 3.11 2.35 8.69 13.63 7.3 11.66 0.75 1.33 10 24
9 9.19 17.39 34.71 53.01 10.67 15.18 0.2 0.1 4.82 4.51 17 25
10 0.07 42.02 0.09 51 7.36 32.12 0.1 3.1 12 5.53 10 26
11 1.66 7.87 2.92 15.46 8.2 17.72 0.1 2.5 0.75 4.78 10 15
12 0.07 0.07 0.91 13.5 7.55 16.31 0.1 3.2 0.08 2.35 10 22
13 6.56 11.12 4.01 7.66 18.83 15.36 4.3 1.4 1.56 1.15 11 10
14 3.78 26.66 3.33 21.18 26.68 11.34 2.8 1.5 2.47 7.22 12 18
15 0.14 20.08 0.21 48.78 9.2 15.6 6 9.21 0.13 5.15 10 42

E¼ estrogen, FSH¼ follicle stimulating hormone, LH¼ luteinizing hormone, P¼ progesterone, Post¼ post-therapy, the follow-up period was
estosterone.

FIGURE 2. Testicular adrenal rest tumor in a 4-year-old patient
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(5/15) of the cases exhibited normal bone age, and nearly 66.7%
(10/15) of the cases exhibited advanced bone age;11,12 and the
andrological evaluation of these cases were listed in Table 1. In
addition, 80% (12/15) of the cases were confirmed by patho-
logical examination using surgical specimens, and immunohis-
tochemistry showed that CD56, inhibin, and vimentin were all
positive, which were the pathological characteristics of adrenal
gland (Figure 1). The remaining 3 cases were clinically con-
firmed (diagnostic criteria: the testicular lesions near the med-
iastinum were gradually diminishing with an increasing amount
of hormone therapy in patients who had been diagnosed with
CAH). The hormone levels of these 15 patients with TARTs
before and after operation and hormone therapy were showed in
Table 2.

Sonographic Findings of the Lesions
All 15 cases were bilateral, and there were 30 lesions in

total. The lesions were 1.4� 0.8 cm (range: 0.2–3.8 cm) in
diameter on average. In 93.3% of the patients (14/15), the
testicular mediastinum were clearly visualized, and only 1
mediastinum exhibited a fuzzy appearance. All of the lesions
had clear boundaries and were located near the testicular
mediastinum or the testicular hilum; 83.3% (25/30) of the
lesions had an irregular shape, whereas 5 (5/30, 16.7%) lesions
were round. Furthermore, 56.7% (17/30) of the TART lesions
exhibited homogeneous hypoechogenicity (Figure 2), 36.7%
(11/30) of the TART lesions exhibited heterogeneous hypo-
echogenicity (Figure 3), and 6.6% (2/30) of the TART lesions
exhibited heterogeneous isoechogenicity (Figure 4A). Color
Doppler revealed that 76.7% (23/30) of the lesions had a rich
blood supply and that 23.3% (7/30) of the lesions had a scarce
blood supply. Neither testicles nor TART lesions were with

from 3 months to 12 months, Pre¼ pre-therapy, PRL¼ prolactin, T¼ t
calcifications (Table 3).
The follow-up period was from 3 to 12 months, and the

TART lesions were almost disappeared after operation and

with congenital adrenal hyperplasia (patient 13). Sonographic
examination of the left testis revealed a homogeneous hypoechoic
lesion (arrow) with a round clear boundary, 4 mm in diameter,
adjacent to the mediastinum of the testis (A, B).
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FIGURE 3. Testicular adrenal rest tumor in a 10-year-old patient
with congenital adrenal hyperplasia (patient 5). (A) Sonographic
examination of the right testis revealed a clearly defined hetero-
geneous hypoechoic lesion (arrow), 14 mm in diameter, adjacent
to the mediastinum of testis. (B) Color Doppler demonstrated

FIGURE 4. Testicular adrenal rest tumor in a 15-year-old patient
with congenital adrenal hyperplasia (patient 4). (A) Sonographic
examination of the left testis revealed a heterogeneous isoechoic

Wang et al Medicine � Volume 94, Number 36, September 2015
marked vascularization compared with the normal testicular par-
enchyma (arrow).
lesion with a lobulated boundary (arrow), 31 mm in diameter,
adjacent to the mediastinum of testis. (B) Sonographic examin-
ation of the left testis half a year later after operation revealed no
TART lesion in the heterogeneous echoic testis caused by oper-
hormone therapy. The testis exhibited heterogeneous echogeni-
city, which might be caused by operation (Figure 4B).

DISCUSSION
In male patients with CAH, TARTs are relatively common,

especially in adult males, with a prevalence of nearly 94%.8 In
recent years, it has become evident that some of these lesions
can be detected in childhood, with a prevalence ranging from
18.3% to 29% in studies performed on children.3,13 A similar
prevalence of 19% (15/79) was found in our patient population.
To the best of our knowledge, few reports have described the
imaging characteristics of TARTs in puberty and adolescent;7,14

the present study is the first to evaluate the sonographic features
of TARTs in a large pediatric CAH population from 0 to
18 years of age.

We retrospectively analyzed the imaging features of 30
TART lesions that had been pathologically or clinically con-
firmed within the past 5 years. Our results revealed that all 15
cases were bilateral in onset, similar to previous reports.5,8

Although the results of Delfino et al16 indicated that 2 of 11
cases were unilateral, we believe that this result might be

influenced by lesions too small to detect; in our series, the size
of the smallest lesion was 2 mm in diameter, and it is sometimes
difficult to detect lesions smaller than 2 mm.

4 | www.md-journal.com
Ultrasonography revealed that all 30 lesions in our series
were located adjacent to the testicular mediastinum and had
clear boundaries. The location in the mediastinum has pre-
viously been described and is considered a typical feature of
TARTs in CAH.6 The results of Stikkelbroeck et al8 revealed
blurring of the margins in 36% of lesions, but all of our lesions
had clearly defined margins, which may be due to the advanced
ultrasonic technology compared with that used a decade ago.

In our study, 83.3% (25/30) of the lesions had an irregular,
lobulated shape, and ranged from 0.7 to 3.8 cm in size. Five (5/
30, 16.7%) lesions were round, ranging from 0.2 to 0.6 cm in
size. We believe the TARTs begin as small, distinct lesions that
could grow and coalesce to form 1 large, lobulated lesion. The
histopathological hypothesis of the development of these
lesions was that they originated from aberrant adrenal rest cells;

ation (arrow).
when stimulated by adrenocorticotropic hormone, these adrenal
rest cells in the testicular tissue were activated and became
hyperplastic, subsequently appearing as confluent lesions.15

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Sonographic Features of Pubescent Patients With Congenital Adrenal Hyperplasia and Testicular Adrenal Rest Tumors

Patient
No.

Age,
years

Testes Testes
Size, cm

Lesion
Size, cm

Lesion
Shape

Lesion
Margins

Lesion
Echo Vascularity Calcification

1 10 L 3.4� 1.4� 1.8 2.2� 1.4 Lobulated Clear Hypo/homogeneous Rich No
R 3.4� 1.6� 2.0 2.6� 1.2 Lobulated Clear Hypo/homogeneous Rich No

2 18 L 3.8� 2.1� 2.5 2.1� 1.5 Lobulated Clear Hypo/homogeneous Rich No
R 3.9� 1.9� 2.3 0.6� 0.6 Round Clear Hypo/heterogeneous Scarce No

3 12 L 4.3� 2.0� 2.6 3.2� 1.6 Lobulated Clear Hypo/heterogeneous Rich No
R 4.1� 1.9� 2.5 3.8� 1.7 Lobulated Clear Hypo/heterogeneous Rich No

4 15 L 3.5� 1.7� 2.0 3.1� 1.8 Lobulated Clear Iso/heterogeneous Rich No
R 3.8� 2.0� 2.1 3.3� 1.9 Lobulated Clear Iso/heterogeneous Rich No

5 10 L 2.7� 1.4� 1.8 1.4� 0.8 Lobulated Clear Hypo/heterogeneous Rich No
R 2.8� 1.1� 1.6 1.3� 0.9 Lobulated Clear Hypo/heterogeneous Rich No

6 7 L 2.6� 1.8� 2.0 1.6� 0.6 Lobulated Clear Hypo/heterogeneous Rich No
R 2.7� 1.8� 2.1 1.4� 0.5 Lobulated Clear Hypo/heterogeneous Rich No

7 14 L 2.7� 1.3� 1.7 0.3� 0.2 Round Clear Hypo/homogeneous Scarce No
R 2.9� 1.2� 1.6 1.5� 0.6 Lobulated Clear Hypo/homogeneous

�
Scarce No

8 4 L 2.1� 0.8� 1.5 1.2� 0.4 Lobulated Clear Hypo/homogeneous Rich No
R 1.9� 0.9� 1.6 1.8� 0.8 Lobulated Clear Hypo/homogeneous Rich No

9 12 L 2.6� 1.3� 2.0 1.9� 0.9 Lobulated Clear Hypo/heterogeneous Rich No
R 2.5� 1.2� 1.8 1.5� 0.7 Lobulated Clear Hypo/heterogeneous Rich No

10 5 L 1.8� 1.3� 1.7 0.3� 0.3 Round Clear Hypo/heterogeneous Rich No
R 2.0� 1.3� 1.9 0.9� 0.6 Lobulated Clear Hypo/heterogeneous Rich No

11 7 L 3.4� 1.3� 2.0 0.7� 0.6 Lobulated Clear Hypo/homogeneous Scarce No
R 3.3� 1.3� 1.6 0.8� 0.6 Lobulated Clear Hypo/homogeneous Scarce No

12 4 L 1.8� 0.9� 1.3 0.8� 0.3 Lobulated Clear Hypo/homogeneous
�

Rich No
R 1.9� 0.9� 1.5 0.7� 0.3 Lobulated Clear Hypo/homogeneous

�
Rich No

13 4 L 1.5� 0.7� 1.2 0.2� 0.2 Round Clear Hypo/homogeneous Scarce No
R 1.3� 0.7� 1.1 0.4� 0.2 Round Clear Hypo/homogeneous Scarce No

14 5 L 2.0� 1.2� 1.6 1.0� 0.6 Lobulated Clear Hypo/homogeneous Scarce No
R 1.9� 1.1� 1.5 0.8� 0.5 Lobulated Clear Hypo/homogeneous Scarce No

d
d
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The TARTs in CAH in our group exhibited hypoecho-
genicity compared with normal testicular tissue except in 6.6%
(2/30) of the lesions, which exhibited isoechogenicity. Our
results are consistent the findings from most of the previously
reported studies.6,16,17 By contrast, with respect to lesion size,
Stikkelbroeck et al8 reported that 17 of 20 lesions <2 cm were
hypoechoic, whereas all lesions >2 cm were hypoechoic with
hyperechoic reflections. The significant difference in the echo-
genicity of TARTs was likely due to the selection of patients,
who were all adults in Stikkelbroeck’s report and might have
had a longer disease course compared with the pubescent
patients; furthermore, hyperechogenicity might indicate fibrotic
changes or calcifications in the lesions.

Color Doppler revealed that 76.7% (23/30) of the lesions
exhibited a rich blood supply, whereas 23.3% (7/30) of the
lesions exhibited a scarce blood supply. In addition, the vessels
coursing through the lesions did not deviate or change in caliber.
The latter observation has also been made by Avila et al6 and
Stikkelbroeck et al,8 who suggested that this appearance may be
useful in distinguishing TARTs because it has not been
described with other testicular tumors.

Therefore, TART screening by scrotal BUS beginning
from early childhood is important in male patients with CAH

15 6 L 1.7� 0.9� 1.3 1.1� 0.7 Lobulate
R 1.8� 0.9� 1.1 0.8� 0.6 Lobulate
to prevent the development of future complications, especially
infertility. Notably, the high TART prevalence in adult patients
is due to failure of detection during childhood.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Our study still has a limitation, which is the uncertain
relationship between TARTs size and abnormal hormone levels.
So, a well designed clinical study is needed to get the relation-
ship between them.

In conclusion, the sonographic characteristics of TARTs
are bilateral growth, location adjacency to the testicular med-
iastinum, hypoechogenicity, and a rich blood supply. We
recommend that ultrasound be performed from the onset of
puberty in all boys with classic CAH to avoid the risk
of infertility.
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