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Prevalence and ultrasound patterns of testicular adrenal rest
tumors in adults with congenital adrenal hyperplasia
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Background: Testicular adrenal rest tumors (TARTSs) are benign neoplasms affecting patients with
congenital adrenal hyperplasia (CAH). The prevalence of TART in adult patients with CAH is not well
known. Ultrasonography (US) is the main tool for diagnosing TART and the role of contrast-enhanced US
(CEUS) is never investigated. The aim of this study was to evaluate the TART prevalence in adults with
CAH, by stratifying patients according to disease phenotype and assessing the diagnostic performance of US,
color Doppler (CD) US and CEUS.

Methods: Male patients >16 years old with certain diagnosis of CAH who underwent US for TARTS,
between December 2015 and September 2019 were prospectively enrolled. The control group included
patients without CAH affected by testicular lesions at US other than TARTs.

Results: TARTS were identified in 16 of 52 patients (31%), of whom 15 (93.8%) displayed the salt-wasting
(SW) form (P<0.001). The prevalence of TARTS in patients with the SW form was 54%. One patient with
the non-classic (NC) form (6%) showed TART (likely the first documented case). The mean age of patients
upon detection of TARTS was significantly younger compared with the control group (P<0.001); moreover,
TARTSs were bilateral in 15/16 patients (93.8%; P<0.001) and the largest lesion was more frequent in the
medium third of testis in the TART group (87.5%), statistically different from the control group (P=0.013).
Conclusions: TARTS almost exclusively affected patients with the SW form of CAH. Age at diagnosis and

bilateralism are useful factors for achieving a correct diagnosis of TARTs in CAH adult patients.
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Introduction

Adrenal rest tumors represent a rare group of benign
neoplasms that originate from cells with a biological profile
similar to adrenal cells but are located in extra-adrenal sites
(1-6). Among these tumors, testicular adrenal rest tumors
(TARTS) are the most studied neoplasm due to their higher
frequency.

TARTs were described for the first time by Wilkins in
1940 (7). Regardless of the different etiological theories
(8-10), adrenocorticotropic hormone (ACTH) has been
recognized as the most important factor promoting the
development of TARTs (1,11,12). Several diseases are
characterized by an increase of ACTH; however, TARTS are
discovered to exist almost exclusively in patients affected by
congenital adrenal hyperplasia (CAH), excluding only rare
cases (13-15).

CAH is a rare autosomal recessive disease that is
generally (over 95% of all cases) caused by mutations
in CYP21A2, the gene encoding the adrenal enzyme
21-hydroxylase 210HD). CAH due to 210HD deficiency
is a continuum of disease severity that depends on the
residual enzyme activity. The residual enzyme activity,
which mainly depends on the genotype alterations (16),
produces two different phenotypical categories defined
as classic forms: (I) the salt-wasting (SW) form, which is
the most severe type and is characterized by cortisol and
aldosterone deficiencies due to absent residual enzyme
activity; and (II) the simple virilizing (SV) form, in which
the residual enzyme activity (1-2%) generally produces a
sufficient aldosterone concentration but low cortisol and
strongly elevated androgen concentrations. The incidence
of classic CAH is estimated at 1:10,000 to 1:20,000 births
worldwide (15,17). The non-classic (NC) form of CAH is
characterized by a residual enzyme activity of 30-50%, only
slightly elevated androgens, and generally sufficient cortisol
and aldosterone concentrations. Therefore, it is considered
the mildest form of CAH. The NC form is much more
common, with an estimated prevalence of 1/1,000 births
worldwide (18). There are other subtypes of CAH in which
TARTs have been proven to occur, but these forms are
extremely rare (19).

Different studies have demonstrated the possibility of
adjusting hormonal replacement therapy for containing or
even inducing the regression of TARTS in the early stages
(20-23). Therefore, the correct diagnosis of TARTs is
essential in the early stages of the disease. Furthermore, a
correct diagnosis is also important for preventing misdiagnosis
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and avoiding unnecessary testicular surgery (17,24-27).

Physical examination may detect a TART as a palpable
mass when the lesion has a diameter of at least 2 cm,
with a detection rate between 5% and 35% (28,29).
Ultrasonography (US) demonstrated a detection rate of
89-94%, even for smaller lesions (30-32).

TARTs have a prevalence of 37% in patients with
CAH. Unfortunately, currently, there are no robust data
concerning the prevalence of TARTs in adult patients
with CAH due to the lack of dedicated studies with large
populations. A recent review reported the TART prevalence
in adults affected by CAH to be 46% compared with 25%
in studies including only children (1). However, this result
is affected by several limitations: (I) not every enrolled study
stratified the patients according to CAH phenotype; (II) the
studies analyzed in the review were not focused exclusively
on adults; and (III) the NC subtype form of CAH was often
not included.

The aim of this study was to assess the prevalence of
TARTS in adults with CAH who are already under hormone
therapy by stratifying the population according to the three
different CAH phenotypes (SW, SV, and NC forms). The
secondary aim was to assess the diagnostic performance of
US, color Doppler (CD) US, and contrast-enhanced US
(CEUS) in the evaluation of testicular lesions.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-998).

Methods
The local institutional review board (No. RIF.CE: 4882)

approved this prospective study, and written informed
consent was obtained from all patients. This study was
conducted according to the Declaration of Helsinki (as
revised in 2013) for clinical studies.

Male patients with a certain diagnosis of CAH who
underwent US for TARTs at our institution between
December 2015 and September 2019 were eligible for this
prospective study.

In all patients, the diagnosis of CAH was made on
symptoms and laboratory tests and was confirmed by
mutation analysis (33).

The inclusion criteria of this prospective study were as
follows: (I) patients >16 years old; and (II) patients under
treatment with hormonal replacement therapy based on
glucocorticoids. Serum levels of ACTH were measured in all
patients. ACTH was used as the hallmark in the evaluation
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of hormonal control, and the adequate control of CAH
was defined as ACTH serum levels less than 50 pg/mL.

Image technique and analysis

All the enrolled patients were evaluated with the same US
machine: Canon-Toshiba Aplio 500™ (Otawara, Kanto,
Japan).

Both testicles were evaluated, and the following features
were recorded on a dedicated database:

(I) Testicle echogenicity, recorded as homogeneous or

heterogeneous;

(II) The entire didymus volume, calculated by applying
the formula for an ellipsoid (length x width x
thickness x 0.52);

(III) Additional didymal and scrotal features such as
varicocele or hydrocele;

(IV) Presence or absence and number of lesions. In cases
with multiple lesions, each was evaluated as a single
lesion;

(V) Lesion’ location, recorded as in the upper, medium,
or inferior third of the didymus;

(VI) Testicular lesion size measured as the maximum
diameter;

(VII) Characteristics of testicular lesions: echogenicity,
margins, vascularization on CD-US and CEUS.

The echogenicity of the lesion was determined as hypo-,
iso-, or hyper-echoic or heterogeneous.

The margins of the lesions were recorded as oval or
irregular.

In the presence of testicular lesions, CD-US and CEUS
were performed.

"Two different patterns were recognized on the CD-US:
(D) high, uniform, and diffuse signals or peripheral rim of
increased signals; and (II) no difference in signals with the
contiguous normal testicular parenchyma. The same probe
used for CD-US was used for CEUS in a low mechanical
index (range, 0.04-0.1) after the injection of 4.8 mL of
contrast agent (SonoVue®, Bracco, Milano, Italy), followed
by 10 mL of 0.9% saline. Contrast enhancement was
evaluated for at least 2 minutes after the SonoVue injection,
and different phases of contrast kinetics were stored as
video clips. Low mechanical index mode and the gray scale
imaging picture were simultaneously recorded on a split
screen. The CEUS results were interpreted by comparing
the brightness of the lesion to the surrounding testicular
tissue after the injection of the contrast agent, with three
different patterns identified: (I) hyperenhancement, (II)
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isoenhancement, and (IIT) hypoenhancement.

The study design included the use of a control group
of patients without CAH who were affected by testicular
lesions other than TARTs. This control group was
retrospectively selected among patients with testicular
lesions of similar dimensions who underwent US
examination at our institution. The same demographic
information, clinical characteristics, and US features of the
control group were recorded as those for the CAH patient
population.

Statistical analysis

Data were reported as counts and percentages for
categorical variables and the median and inter-quartile
range for continuous variables. Categorical variables were
compared by the Chi-square or Fisher’s exact tests, as
appropriate. Continuous variables were compared with the
Kruskal-Wallis test. Comparisons for demographics and
general clinical characteristics were performed between
groups of patients with CAH with and without TARTs and
between patients with TARTs compared with consecutive
patients affected by testicular lesions other than TARTS.

Univariate and multivariate logistic regressions were
performed to assess the demographic, pathological, and
testicular ultrasound characteristics associated with TART
diagnosis. The results were reported as odds ratios (ORs)
with 95% confidence intervals (95% Cls). An OR with
the entire 95% CI less than 1 indicated that the covariate
reduced the probability of a TART diagnosis. Conversely,
when the OR and entire 95% CI were greater than 1, the
covariate increased the abovementioned risk. An OR with
a2 95% CI equal to 1 indicated that the covariate did not
significantly influence this probability. The results obtained
for the clinical endpoints from the multivariate analysis,
in the presence of two or more covariates influencing the
risk, were translated in graphic form through the use of
special nomograms for logistic regression. The probability
values are two-sided; a probability value of less than 0.05
was considered to indicate statistical significance. All
computations were performed using SPSS 13 (SPSS Inc.,
Chicago, IL, USA).

Results

Fifty-two patients with CAH satisfied the inclusion criteria
and were enrolled in this study. The median [range] age of
this patient population was 22.5 [16-48] years.
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Table 1 Demographics and clinical characteristics of patients enrolled in the study

Patients with CAH

Patients without CAH

TART (n=16), n (%) No TART (n=36), n (%)

Control group (other testicular masses; P (comparison

or median [range] or median [range] n=16), n (%) or median (range) with TART group)

Age (years) 23.5 [18-43] 22 [16-48] 0.538 36.5 [13-75] 0.010

SW 15 (93.8) 13 (36.1) <0.001 - -

SV 0 10 (27.8) 0.019 - -

NC 1(6.2) 13 (36.1) 0.025 - -

ACTH (pg/mL) 190 [5-2,258] 34.5 [5-2,160] 0.019

Age at diagnosis 19 [17-40] - - 36.5 [13-75] 0.003

Final diagnosis TART No TART - 8 leydigioma; 5 seminoma; -

; §
3 mixed germ cell tumors

§, Mixed germ cell tumors: seminomatous and non-seminomatous germ-cell tumors. CAH, congenital adrenal hyperplasia; TART, testicular
adrenal rest tumor; SW, salt-wasting; SV, simple virilizing; NC, non-classic; ACTH, adreno-cortico-tropic hormone.

The control group consisted of 16 patients, including
8 (50%) affected by leydigioma, 5 (31%) affected by
seminoma, and 3 (19%) affected by mixed germ-cell
tumors (seminomatous and non-seminomatous germ-cell
tumors). The median [range] age of the control group was
36.5 [13-75] years, which was statistically older than that of
the CAH patient population (P<0.001). The demographic
and clinical characteristics of the enrolled patients are
detailed in Table 1.

Twenty-eight patients with CAH (54%) had the classic
SW form of CAH, 10 patients (19%) had the SV form, and
14 patients (27%) had the NC form.

Focal lesions compatible with TARTs were identified in
16 of 52 patients (31%), of whom 15 (93.8%) patients had
the SW form (P<0.001). The prevalence of TARTs was 54%
in patients with the SW form. Only 1 patient with the NC
form (6%) demonstrated TARTs. No TARTs were detected
in patients with the SV form.

The median [range] age at the detection of TARTs was
19 [17-40] years, which was statistically younger than that
of the control group {36.5 [13-75] years; P=0.003}.

In the CAH patient population, the ACTH values were
significantly higher (median 190 pg/mL) in the TART
group than in the non-TART group (median 34.5 pg/mL;
P=0.019).

The ultrasound features of patients with TARTs and of
the control group with other testicular masses are detailed
in Tuble 2.

There were no statistical differences between the two
groups in terms of testicular appearance, volume, and
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extradidymal findings (Figure 1).

Opverall, there were 51 lesions compatible with TARTS in
the CAH population: 8 (50%) patients had two TARTS and
the remaining 50% had three or more lesions. No patients
had only one nodule. There was a total of 17 lesions in the
control group, of which only one patient presented with
two lesions. This latter figure was significantly different
compared with the TART group (P<0.001).

In the TART group, the lesions were bilateral in
15/16 patients (93.8%), differently from the control group
(P<0.001). There were no differences in the incidence
of lesions in the left didymus between the two groups.
Conversely, the incidence of lesions in the right testis was
significantly higher in the TART population than in the
control group (P=0.002).

The largest lesion was significantly more frequently
located in the medium third of the didymus in the TART
group (87.5%) than in the control group (P=0.013).

In both groups, the most common US appearance
of lesions was hypoechogenicity, which did not differ
significantly between groups. No differences were found
between the two populations in terms of lesion dimension
and morphology or in the appearance on CD-US or CEUS.

The results of multivariate analyses (7able 3) for number
of right testicular lesions and age at diagnosis are graphically
reported in nomogram (Figure 2).

Discussion

The vast majority of TARTs are discovered in patients
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Table 2 Ultrasound features of patients with TARTs compared to other testicular masses

TART patients (n=16),

Control group (other testicular

n (%) or mean (SD) masses) (n=16), n (%) or mean (SD) P

Testicular US appearance 0.069

Homogeneous 13 (81.3) 16 (100.0)

Heterogeneous 3(18.7) 0
Right testicle volume (cc) 10.7 (2.4) 10.6 (1.4) 0.466
Left testicle volume (cc) 11.5(2.5) 11 (1.5) 0.347
Concomitant varicocele 4 (25.0) 7 (43.8) 0.264
Concomitant hydrocele 6 (37.5) 4 (25.0) 0.446
No. of testicular lesions per patient <0.001

1 0 15 (93.8)

2 8 (50.0) 1(6.2)

3 3(18.8) 0

4 1(6.2) 0

5 2(12.5) 0

6 2 (12.5) 0
No. of right testicular lesions

1 10 (62.5) 5(31.3) 0.002

2 4 (25.0) 0

3 1(6.2) 0
No. of left testicular lesions 0.070

1 10 (62.5) 12 (75.0)

2 1(6.2) 0

3 3(18.7) 0

4 1(6.3) 0

5 1(6.3) 0
Bilateral lesions 15 (93.8) 1(6.2) <0.001
Location of largest lesion 0.013

Upper third 1(6.25) 3(18.8)

Medium third 14 (87.5) 6 (37.5)

Lower third 1(6.25) 7 (43.7)
Maximum lesion diameter (mm) 16.2 (16.9) 13.9(1.1) 0.550
Testicular lesion echogenicity 0.827

Hypoechoic 10 (62.5) 11 (68.8)

Hyperechoic 2 (12.5) 1(6.2)

Isoechoic 0 0

Heterogeneous 4 (25.0) 4 (25.0)

Table 2 (continued)

© Translational Andrology and Urology. All rights reserved.
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TART patients (n=16),

Control group (other testicular

n (%) or mean (SD) masses) (n=16), n (%) or mean (SD) P

Testicular lesion morphology 0.723

Oval 8 (50.0) 9 (56.3)

Irregular 8 (50.0) 7 (43.7)
Intra-lesional signal on CD 12 (75.0) 11 (68.8) 0.694
CEUS appearance 1

Hyperenhancement 13 (81.2) 13 (81.2)

Isoenhancement 3(18.8) 3(18.8)

Hypoenhancement - _

TART, testicular adrenal rest tumor; SD, standard deviation; US, ultrasound; CD, color Doppler; CEUS, contrast-enhanced US.

Figure 1 This figure demonstrates two different patients, one affected by CAH with TARTs (A,B,C) and one with a testicular non-

seminomatous germ-cell tumor (D,E,F). The lesions showed the same imaging features, such as a hypoechoic appearance on B-mode (A,D),

intralesional signal on CD (B,E), and hypervascularity on CEUS (C,F). The only differences between the two cases were the bilateralism
of lesions in the patient with TARTS (A) and the different location: in the middle third for TARTS (A) and in the inferior third in the non-
seminomatous germ-cell tumor (D). CAH, congenital adrenal hyperplasia; TART, testicular adrenal rest tumor; CD, color Doppler; CEUS,

contrast-enhanced ultrasonography.

affected by CAH (13-15). Unfortunately, currently, there
are no robust data concerning the prevalence of TARTS in
adult patients with CAH due to the lack of dedicated studies
with significant series populations.

The present study population was comprised of 52 adult
patients with CAH. The largest series in the literature
were those of Engels et 4/. (34) who enrolled 141 adult

© Translational Andrology and Urology. All rights reserved.

men with CAH, and of Finkielstain ez #/. (12) who enrolled
244 patients. However, the study of Engels et al. (34)
involved 14 centers in six different European countries
whereas that of Finkielstain et 4/. (12) included both
children [170] and adults [74] from 36 states in the United
States of America and from Puerto Rico, Canada, Ecuador,
Turkey, and the Dominican Republic. Therefore, our study
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Table 3 Uni- and multi-variate analyses for evaluating factors associated with TART diagnosis during testicular lesion evaluation

Univariate analysis

Multivariate analysis

OR (95% CI) P OR (95% ClI) P
Age at diagnosis (years) 0.872 (0.793-0.959) 0.005 0.850 (0.731-0.989) 0.035
Right testicular volume (cc) 1.017 (0.708-1.461) 0.926
Left testicular volume (cc) 1.113 (0.786-1.575) 0.564
Concomitant varicocele 0.429 (0.095-1.925) 0.269
Concomitant hydrocele 1.8 (0.394-8.215) 0.448
Number of right testicular lesions 25.104 (2.749-229.271) 0.004 82.608 (2.690-2537.06) 0.012
Number of left testicular lesions 1.017 (0.957-1.081) 0.589
Testicular lesion ultrasound echogenicity
Hypoechoic Reference -
Hyperechoic 2.2 (0.172-28.137) 0.544
Isoechoic - -
Heterogeneous 1.1 (0.215-5.609) 0.909
Testicular lesion irregular morphology 1.288 (0.320-5.169) 0.723
Presence of intra-lesion CD signal 1.363 (0.289-6.415) 0.695
Hyperenhancement on CEUS 1(0.169-5.903) 1
Location of maximum diameter testicular lesions 0.485 (0.142-1.657) 0.248

TART, testicular adrenal rest tumor; OR, odds ratio; Cl, confidence interval; CD, color Doppler; CEUS, contrast-enhanced ultrasonography.

population was representative because it was prospectively
recruited from a single tertiary center and included only
adult patients.

Our study population had a median age of 22.5 years,
in line with those reported by Engels ez a/. (34) and
Finkielstain et a/. (12). In fact, the mean ages reported by
those authors were 28 and 31 years, respectively, in adults.
Moreover, in the present study, the median age at the
diagnosis of TARTs was 19 years, which was significantly
lower than that of the control group of patients without
CAH who were affected by testicular masses other than
TARTs (36.5 years; P=0.003). This result, which was
difficult to determine in other studies (12,34), appears
important for identifying at what age a patient with CAH
should undergo US surveillance for TARTS.

In the present study, the TART prevalence was 31%, and
the lesions were discovered in patients with the SW form
of CAH in the vast majority of cases (94%; P<0.001). The
prevalence of TARTs was 54% in patients with the SW
form, which represented the most common form of CAH
in our sample (54%). No TARTS were detected in patients

© Translational Andrology and Urology. All rights reserved.

with the SV form. Only 1 patient with the NC form (6%)
displayed TARTs. The overall prevalence of TARTS in our
series (31%) was lower than that of other studies on adult
populations, such as the series of Finkielstain ez /. (12)
who reported a prevalence of 44%. This difference was
only apparent because Finkielstain ez 2/. (12) calculated this
percentage as the number of TARTs only in “Classic men”
(SW + SV). Therefore, if we calculate the percentage in the
same manner, our prevalence was 39.5% in patients with
only classic forms of CAH, similar to the abovementioned
series. In another study by Dumic ez 4. (35), the overall
TART prevalence was 29%, similar to our series. However,
the study population by Dumic ez 4/. (35), was composed of
both children and adult patients. In fact, the prevalence of
TART exclusively in adults was 44%, but the percentage of
SW forms was not reported in adults.

The absence of TARTS in the SV form of CAH in our
series is in line with the vast majority of published series
(34,36-38). Furthermore, in our series, only one patient
with the NC form presented with TARTs. Although the
NC form of CAH has a high prevalence in the general
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Probability of TART diagnosis

Number of right testicular lesions L

Age at diagnosis (years) L L 1

50 40 30 20

10

Prob

T LU T T 1
0.1 0.2 0.30.40.50.60.70.8 0.9 0.95 0.99

T I T I T T I
0 1 2 3 4 5 6

T T T I T T T T
8 9 10 1 12 13 14 15

Total score

Figure 2 Nomogram. Nomogram reporting a probability score for TART diagnosis expressed by the addition of single score for the number

of right testicular lesions and the age at diagnosis. The number of right testicular lesions was associated with a score of 1-4, while the age at

diagnosis varied from 0-4.5. TART, testicular adrenal rest tumor.

population, with a rate of 1 per 1,000 births, TARTs are
reported to be exceptionally rare in these individuals. In fact,
to the best of our knowledge, our case represents the sixth
case of TARTSs associated with NC in published series (1).
In particular, Falhammar ez 4/. (18), Engels ez al. (34), and
Kocova et al. (39) described the other five incidences of
TARTs in patients with the NC form of CAH. However,
the phenotype of these patients was not detailed, and based
on mutation status, these patients might also belong to the
more affected classic form of CAH. Conversely, our case was
proven to be an NC form of CAH (this may be the first case
of a patient proven to have the NC form of CAH affected
by TARTS). It is likely that data concerning the prevalence
of TARTS in the NC form of CAH could be underestimated
due to the lack of specific studies on large populations.
Moreover, the NC form of CAH often remains unknown
because it is characterized by only a few symptoms or is
completely asymptomatic, and there is no actual screening
test for this form. Conversely, the high frequency of TARTs

© Translational Andrology and Urology. All rights reserved.

in the SW form compared to the other forms of CAH may
suggest the prominent role of the disease severity. In fact,
compared to the other parameters such as age at detection,
modality of diagnosis, and hormonal control, several studies
have indicated that the SW phenotype is the main risk
factor for developing TARTs (1,12,17,27,28).

In our CAH patient population, ACTH values were
significantly higher in the TART group than in the non-
TART group (P=0.019). This result supports the current
perception that TARTs occur more frequently in patients
affected by more severe forms of CAH because these
patients are exposed to higher levels of ACTH, which
is a possible causative factor for TART development
(29,38,40,41). The first etiological theory of TARTs
assumes that these lesions derived from ectopic adrenal cells
and migrated to the gonads in fetal life, and their growth
is under control of ACTH and angiotensin II (42,43). The
second etiological theory sustains that TARTs may originate
from pluripotent fetal Leydig cells that have ACTH and
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luteinizing hormone receptors (10). In both etiological
theories of TART, ACTH plays an important rule, justifying
our results.

There were 51 overall lesions compatible with TARTs in
the CAH population in our series: 8 (50%) patients had two
TARTS and the remaining 50% had three or more lesions.
No patients had only one nodule. There were 17 testicular
lesions in the control group of no-CAH patients with
testicular lesions other than TART, and only one patient
presented two lesions, differently from the TART group
(P<0.001). The multiplicity of lesions per testis (more than
one for didymus) has been described in the original series
by Stikkelbroeck ez 4/. (31), Wang et 4l. (44), and Chihaoui
et al. (45), but with frequencies of 19%, 16%, and 25%,
respectively, which were all lower than ours. According to
the actual state of knowledge about TART histopathology,
TARTS are thought to arise as small multiple nodules that
tend progressively to coalesce into a single nodule. Thus,
different numbers of nodules per testis are considered a
reflection of a different pathological stage (31). The high
frequency of the multiplicity of nodules per testis likely
indicates that our cohort of patients was composed mainly
of subjects with an early-intermediate stage of CAH disease.

In the present series, in the TART group, the lesions
were bilateral in the vast majority of patients (93.8%),
unlike that observed in patients without CAH who were
affected by testicular tumors other than TART (P<0.001).
There were no differences in the incidence of lesions in
the left didymus between the two groups. Conversely, the
incidence of TARTs in the right testis was significantly
higher in the TART population than in the control group
(P=0.002). Bilateralism is traditionally considered one of
the best clues in the diagnosis of TARTs. In fact, different
published series reported bilateral nodules compatible
with TART in all of their cases (10,30,46). Nevertheless,
different series have reported that bilateralism was not
present in all cases (17,20,28,34). In particular, the lowest
percentage of bilateralism (31%) was detected by Claahsen-
van der Grinten et /. (20). It is interesting to note that all
the nodules detected by Claahsen-van der Grinten ez a/. (20)
were less than 10 mm in size. In our case series, the mean
maximum diameter was greater than 10 mm. Our results
sustain the hypothesis that TARTs may always have a
bilateral process, but in patients with early stages of TARTS,
indicated by the small dimension of the lesions, synchronous
contralateral lesions may be too small to be detected.

The largest lesions were significantly more frequently
located in the medium third of the didymus, near the rete
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testes, in the TART group (87.5%) compared with the
control group (P=0.013). This is a hallmark of TARTS that is
reported constantly in the literature (1,29,30). A single case
of our series displayed involvement of the epididymis by a
nodule compatible with TARTs. Although no pathological
proof of its nature was achieved, the epididymis has been
described as an unusual location for TARTS (2).

In the vast majority of our cases, the TARTs appeared
hypoechoic on US, with intra-lesional signals on the CD-
US and hypervascularization on CEUS. However, these
features were not specific for TARTs compared with the
control group. Furthermore, no statistical differences were
found in terms of didymal and extra-didymal features in
patients with CAH and TARTS in respect to the subjects
without CAH who were affected by testicular lesions other
than TARTs. These data do not differ significantly from
other original studies (28,31,44).

The role of CD-US in TART characterization is
controversial due to a great discordance present in the
literature. Several authors (28,31,34) failed to identify an
increased vascular signal on CD-US in their series, unlike
other experiences (30,44,45).

Differently from CD-US, there are no published series
exploring the role of CEUS in TARTs. Therefore, our
results are the first that reported imaging findings of CEUS
in patients affected by TARTS.

Parenchymal echogenicity of testes has been reported
in a few studies, such as those by Bouvattier et 4/. (17) and
Cabrera et al. (47), with results very similar to ours.

One unicity of the present study is the comparison of
CAH patients with TARTs with non-CAH subjects with
testicular lesions other than TARTs. Finally, none of the
US, CD-US, and CEUS features of the lesions and of the
didymus or extradidymus showed statistically significant
differences between TART and non-TART testicular
lesions. Therefore, in our opinion, the imaging figures
are helpful for detecting TARTs in high-risk patients
such as adults affected by CAH, rather than performing a
differential diagnosis.

Another novelty of this study is the introduction of
the nomogram for the risk estimation of TARTs by the
radiologist based on the number of right testicular lesions
and age at diagnosis. The nomogram is a two-dimensional
diagram that allows the approximate graphical calculation of
a function, such as a multivariate analysis. These graphical
instruments are easy to use and enable rapid calculation
of the pathological risks for a single patient in the era of
tailored medicine.
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This study is affected by several limitations. First,
a histological diagnosis of suspected TART lesions in
CAH patients was not achieved. However, the biopsy
is not indicated in the clinical suspect of TARTs. The
main limitation is the difficulty in recruiting a large study
population, due the rarity of the disease. However, this work
could represent a good model for a single tertiary center
study of the prevalence of TARTs in CAH. Furthermore,
due to the limited sample size of our study, the multivariate
analysis is affected by an overfitting variables bias. However,
the results of the present multivariate analysis should be
interpreted with caution but are still valuable for addressing
further larger studies in order to validate our results.

In conclusion, TARTs affected approximately one-
third of the adult patients with CAH, principally those
affected by the SW form. The age at diagnosis and the
right testicular lesions appear very useful figures to achieve
a correct diagnosis of TARTs in CAH patients. No specific
US figures were demonstrated to be helpful in differential
diagnosis with other testicular lesions; therefore, US is
mandatory only for lesion detection. If our results are
confirmed by other studies, it will be possible to plan US
surveillance programs in patients with the SW form of
CAH starting from adulthood.
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