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ABSTRACT 

We describe a case of a female with simple virilizing congenital adrenal 

hyperplasia (CAH) reared as a male diagnosed at the late age of 64. 

Computed Tomography (CT) demonstrated a large adrenal mass, bilateral 

diffuse adrenal enlargement, female pelvic organs as well as a clearly 

visualized prostate gland. This is to the best of our knowledge the first case 

of such a sizable prostate gland in a female CAH patient documented on CT. 

We review the literature regarding aspects where radiologists may encounter 

CAH and the finding of presence of a prostate gland in female CAH patients. 

 

 

CASE REPORT 
 

 

  

 

A 64-year-old Chinese man presented to the urology clinic 

for recurrent dysuria and was referred to have ultrasound exam 

of the scrotum for non-palpable testes. His past medical 

history was significant for hypospadias with corrective surgery 

done in childhood. He had also been put on Terazosin for 

presumed benign prostatic hypertrophy. 

 

Ultrasound findings 

At ultrasound exam, he was noted to be of short stature 

(143cm). Inspection of the perineum revealed a small phallus 

and fused labioscrotal folds. A ventral scar was seen, in line 

with previous surgery for hypospadias. No testes could be 

identified in the perineum, inguinal region nor abdomen on 

ultrasound. The pelvis was obscured by bowel gas and a full 

bladder was difficult to obtain due to his urinary symptoms. 

Incidentally, a 37x35x50mm right adrenal mass was detected 

while searching for possible undescended testes (Fig1). The 

mass was sharply demarcated with smooth roundish outline. It 

was solid, slightly hypoechoic to the liver except for a small 

focus of hyperechogenicity and relatively homogenous. 

Moderate vascularity was detected on Color Doppler imaging. 

CT scan was hence arranged for further investigation. 

 

 

 

CT findings 

Contrast enhanced CT of the abdomen and pelvis 

confirmed a large mass arising from the lateral limb of the 

right adrenal gland. Except for a small focus of hypodensity 

which showed delayed phase enhancement, the main bulk of 

the mass was isodense to the rest of the adrenal glands in pre-

contrast, post-contrast portovenous phase (75 seconds) and 

post-contrast 15-minute delayed phase scans. Attenuation 

measurements in pre-contrast, portovenous phase and delayed 

phase scans were 41 Hounsefield Units (HU), 167.5HU and 

70.6HU respectively with resultant 76.6% absolute contrast 

washout. There was no evidence of local tumor invasion of the 

adjacent organs or metastasis to the liver or lymph nodes. The 

rest of the right adrenal gland as well as the left gland were 

diffusely thickened with preserved adreniform shape and 

smooth outline, compatible with hyperplasia (Fig2). No 

undescended testes could be identified in the abdomen and 

pelvis. Most strikingly, a uterus complete with bilateral small 

ovaries were seen. A 36x39x37mm soft tissue mass with 

appearance and location compatible with a prostate gland was 

also present (Fig3). A presumptive diagnosis of female with 

congenital adrenal hyperplasia was made. 

 

CASE REPORT 
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Further investigations and management 

Subsequent blood tests confirmed grossly elevated 17α-

OH-progesterone > 750 nmol/L (Normal male: 0.9-

6.6nmol/L), progesterone 342 nmol/L (Normal male: 0.66-

4.89nmol/L), DHEA-S 5050 ng/ml (Normal male: 800-5600) 

and androstenedione 2945 ng/dL (Normal male: 50-220), in 

line with 21-hydroxylase deficiency. Testosterone level was 33 

nmol/L and was within normal range for an adult male 

(Normal male: 10-35nmol/L). Adrenocorticotropic hormone 

(ACTH), cortisol and corticosterone metabolites were normal. 

Serum sodium and potassium levels were normal. Prostate 

specific antigen was 3.6ng/ml (Normal male: <4ng/ml). Urine 

catecholamines were not elevated, excluding 

phaeochromocytoma. Karyotyping returned 46XX. 

 

Uroflometry showed only mild lower urinary tract 

obstruction and he was taken off Terazosin. His urinary 

symptoms were attributed to recurrent urinary tract infections 

which were treated accordingly. 

 

Although the high percentage contrast washout of the 

adrenal mass was suggestive of adenoma, its large size and 

presence of heterogeneous component were atypical. 

Laparoscopic right adrenalectomy, hysterectomy and bilateral 

salpingooophorectomy were performed with perioperative 

hydrocortisone supplementation. Due to technical reasons, the 

right adrenal gland was removed in a piecemeal fashion. 

Histopathology showed adrenocortical hyperplasia but was 

unable to differentiate between a hyperplastic nodule and an 

adenoma due to the piecemeal nature of the specimen. No 

malignancy was detected. No evidence of testicular tissue was 

detected in the ovaries. In view of old age and the patient 

being well all along except for his urinary symptoms, regular 

corticosteroid replacement was not given. He remained well 

currently at one year post-operation. 

 

 

 

  

 

Etiology and demographics 

Congenital adrenal hyperplasia can be divided into the 

more severe classical and the milder non-classical or late-onset 

types. The incidence of classical CAH based on neonatal 

screening programs is 1 in 15000-16000 live births worldwide 

with significant geographical and ethnical variations [1, 2]. 

Non-classical or late-onset CAH has a much higher incidence 

of 1:1000 worldwide [1]. The disease follows an autosomal 

recessive inheritance. It is caused by an enzymatic deficiency 

in the biosynthesis of cortisol and aldosterone. Although the 

disease can be due to deficiency of five different enzymes, 

over 90% of cases are due to 21-hydroxylase deficiency [3]. 

This results in decreased levels of cortisol and aldosterone and 

shunting of intermediate metabolites towards production of 

excess androgens. Reduced negative feedback from cortisol 

leads to continued adrenocorticotropic hormone (ACTH) 

hyperstimulation, causing adrenal hyperplasia and androgen 

excess. 

 

 

 

Clinical presentation 

Depending on the severity of the enzymatic defect, the 

disease could range from being totally subclinical to causing 

death shortly after or even before birth.  

 

Classical CAH comprises the salt wasting form and the 

simple virilizing form. The salt wasting form is the most 

severe form of the disease and accounts for 75% of classical 

CAH cases [1]. In this form, both aldosterone and cortisol are 

deficient and marked androgen excess is present. Apart from 

signs of androgen excess which could be present at birth, most 

evidently as ambiguous genitalia in girls, affected infants 

present within weeks after birth with failure to thrive, recurrent 

vomiting, dehydration and shock in a salt wasting crisis. This 

is typically fatal without treatment. 

 

The current patient had a partial 21-hydroxylase 

deficiency that was mild enough not to have caused salt 

wasting but severe enough to have resulted in masculinized 

external genitalia. This falls into the category of simple 

virilizing form of CAH. In this form of the disease, cortisol is 

not synthesized efficiently, but aldosterone secretion is 

adequate and sodium balance is maintained. Patients with this 

form of the disease are mainly affected by hypocortisolism and 

androgen excess. The former puts them at risk of adrenal crisis 

while the latter manifests as ambiguous genitalia and menstrual 

disturbances in girls and hirsutism, pseudoprecocious puberty, 

advanced skeletal maturity with resultant short final height, 

acne, alopecia, infertility, etc., in both sexes. As ambiguous 

genitalia due to 21-hydroxylase deficiency affects only females 

while males present with penile enlargement which is clinically 

more subtle, diagnosis in males is often delayed [3]. Classical 

CAH is by far the most common cause of ambiguous genitalia 

worldwide. 

 

Non-classical or late onset CAH is the milder form of the 

disease. The clinical presentation is of androgen excess which 

is generally milder than in the classical forms. Patients 

typically present in late childhood or early adulthood although 

some may remain asymptomatic for life [4]. Hirsutism is the 

most common symptom [4]. 

 

As CAH was only better understood by the medical 

community in the later decades of the 20th century, it was no 

surprise that our patient was not diagnosed at birth and was 

wrongly assigned male gender. 

 

Laboratory diagnosis 

The diagnosis of CAH relies on demonstrating 

accumulation of metabolites upstream of the enzymatic block, 

typically 17α-OH-progesterone in the case of 21-hydroxylase 

deficiency. Neonatal screening based on this has become 

available in many developed countries, allowing early 

detection and treatment of the classical forms [2]. Specific 

genetic mutations responsible for the enzymatic deficiencies 

have been discovered and could nowadays be diagnosed [1, 2, 

3]. 

 

 

 

 

DISCUSSION 
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Radiological findings in CAH 

As a metabolic disease, CAH has manifestations in 

multiple organ systems. The following entities are those which 

concern radiologists. 

 

The adrenals 

Studies on imaging appearance of the adrenal glands in 

CAH are scarce and mostly comprise small series and case 

reports. 

The potential use of sonography of the adrenal glands as a 

rapid screening tool for CAH in neonates and infants has been 

studied. The size of adrenal glands in CAH neonates has been 

shown to be substantially larger than in normal neonates 

although significant overlap exists [5-8]. Adrenal length 

>20mm and width >4mm in the newborn could suggest the 

diagnosis [8]. Disease severity correlates with adrenal gland 

size [7, 8]. Later studies showed that "cerebriform" or coiled 

appearance of the adrenal glands, which reflects the enlarged 

elongated glands crammed within a confined space is a good 

discriminator between CAH and normal subjects [9, 10]. In 

neonates or infants suspected to have classical CAH due to 

ambiguous genitalia or salt wasting, sonography of the 

adrenals achieved >90% sensitivity and 100% specificity in 

diagnosing CAH [9, 10]. With adequate treatment, the size and 

appearance of the glands typically return to normal in a few 

months [9, 10]. Adrenal mass is not frequently reported in 

neonates with CAH, possibly due to the relatively short 

duration of ACTH hyperstimulation. 

 

Antenatal sonographic visualization of enlarged or 

"cerebriform" adrenal glands or ambiguous genitalia in fetuses 

affected by CAH have been reported, but cases are too few to 

establish its diagnostic reliability [11-19]. 

 

In the older pediatric age group and in adults, the most 

frequently reported imaging abnormalities of the adrenal 

glands in CAH, treated or untreated, are bilateral enlargement 

and unilateral or bilateral adrenal mass(es) [20-27]. Adrenal 

enlargement could be smooth or nodular. The term mass here 

incorporates nodules which are essentially smaller nodular 

masses. Jaresch et al. found 82% of CAH patients had adrenal 

mass on CT with incidence and size of the masses apparently 

positively correlated with the degree and duration of ACTH 

stimulation [23]. Reisch et al. showed that total adrenal gland 

volume on MRI correlated with hormonal control [26]. It was 

also shown in multiple studies that adequate treatment could 

lead to morphological normalization of the adrenal glands, 

with shrinkage or even resolution of some adrenal masses [25, 

28-30]. Over-treatment resulting in hypoplastic appearance of 

the adrenals on imaging has been reported [21, 24]. These are 

in keeping with the widely held notion that the morphological 

changes of the adrenals in CAH are largely ACTH dependent 

thus reflecting disease severity and treatment adequacy. 

Whether adrenal imaging can be used to help titrate treatment 

however has yet to be explored. 

 

In another study by Jaresch et al., 82% of homozygotes 

and 45% of heterozygotes for CAH had adrenal mass [22]. On 

the other hand, Baumgartner-Parzer et al. showed that 16% 

and 2% of subjects with adrenal incidentaloma found on CT 

were heterozygous and homozygous for classical CAH 

respectively [27]. Thus it seems adrenal tumors are very 

common in CAH but not vice versa. Nonetheless, the 

differential of CAH should be borne in mind when an adrenal 

tumor is encountered, particularly during workup for 

virilization for one may step into the diagnostic pitfall of solely 

attributing the hormonal disturbance to the tumor while the 

underlying problem which may be CAH instead may be 

completely overlooked [31]. To complicate matters more, 

functional adrenal tumors may coexist with and biochemically 

mask underlying CAH [32-34]. 

 

A few cases of normal adrenal morphology on CT or MRI 

in untreated non-classical CAH in adults have been reported 

[23, 35]. However, to our knowledge, such finding has not 

been reported in untreated classical CAH in adults despite the 

sizable number of untreated adult classical CAH cases 

reported in the literature. Thus abnormal adrenal morphology 

on CT or MRI is probably a very sensitive marker for 

untreated classical CAH in adults. Adrenal mass or 

enlargement is however not specific for CAH. 

 

Adrenocortical adenomas are well known to occur in 

CAH. Less well known is that adrenal myelolipoma is also 

associated with CAH [24, 36]. The imaging diagnosis of the 

latter is rather straightforward, requiring visualization of 

macroscopic fat. The only documented prevalence of 

myelolipomas in a heterogeneous group of CAH patients is 6% 

(4 in 62) [24]. The imaging and histopathological distinction 

between adenomas and hyperplastic macronodules is often not 

possible, as was the case in our patient. Fortunately, such a 

distinction is not of great clinical importance. The high 

prevalence of masses reported by Jaresch et al. and Reisch et 

al. of 82% and 73% respectively likely represented the 

combined prevalence of adenomas and hyperplastic 

macronodules [23, 26]. A low prevalence of 3% adenomas and 

0% hyperplastic macronodule was reported by Nermoen et al. 

[24]. Such large discrepancy may reflect different hormonal 

control between the studied populations. 

 

Studies on radiological characterization of adrenal masses 

in CAH are lacking, thus whether adrenocortical adenomas 

and myelolipomas occurring in CAH have different imaging 

characteristics from those generally described is unknown. 

 

Only a few cases of adrenal carcinoma and one case of 

phaeochromocytoma occurring in CAH have been reported 

[24, 37, 38]. No definite association between these two entities 

and CAH has been established. 

 

Urogenital tract anomalies 

Pelvic sonography for identification of the uterus is 

routinely done for patients with ambiguous genitalia. Female 

infants with completely masculinized external genitalia may 

present at sonography as boys with bilateral cryptorchidism 

who require localization of the testes. Female 

pseudohermaphrodites due to CAH should always have a 

normal uterus. For those who need corrective urogenital 

surgery, further delineation of the internal portions of the 

urogenital tract with sonography or urogenitography might be 

needed preoperatively [39]. 
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Nabhan et al. found 21% (14 out of 66) of girls with 

ambiguous genitalia due to CAH had upper urinary tract 

abnormalities which included vesicoureteric reflux, 

hydronephrosis and duplicated collecting system [40]. Thus 

sonography of the kidneys and micturating cystourethrography 

should probably be performed for all patients in this subgroup. 

The incidence of urinary tract abnormalities in boys with CAH 

is unknown. 

 

Adrenal rest tumors 

Chronically increased ACTH can lead to tumor formation 

in adrenal rests in the body, most commonly in the testes. In 

the largest cohort of patients with CAH due to 21-hydroxylase 

deficiency (n=244, 46% male), testicular adrenal rest tumor 

(TART) was found on sonography in 44% men (>18 years of 

age) and 33% boys (4-18 years of age; youngest patient with 

TART was 4.1 year-old) with classical CAH [41]. Reported 

cases of TART in CAH occurred almost exclusively in the 

classical form. Since TARTs are usually not palpable unless 

larger than 2cm, diagnosis relies heavily on imaging. 

Sonography and MRI are equally good in this regard [42]. The 

typical appearance on sonography is multiple nodular 

hypoechoic foci arising from the testicular hilar region, 

bilateral in 80%. Hyperechogenicities appear in the later stages 

due to fibrosis and fatty infiltration, which irreversibly impair 

spermatogenesis [42]. On MRI, TARTs are T1 isointense to 

slightly hyperintense and T2 hypointense to normal testicular 

tissue and diffusely enhance [43]. Malignant change in TART 

has not been documented thus recognition of this association is 

important to avoid unnecessary orchidectomy. Imaging 

differentiation of mass forming TARTs from other testicular 

tumors may be difficult. Presence of vessels crossing the lesion 

without deviation has been described as a feature of TART 

[43]. Other useful differentiating features include negative 

testicular tumor markers, increased cortisol on gonadal vein 

sampling and suppressibility by gluccocorticoid treatment 

[43]. 

 

In contrast to TART in males, ovarian adrenal rest tumors 

(OART) in CAH are rare with occurrences limited to isolated 

case reports [44-48]. Limited radiological information in these 

reports suggests that they are solid echogenic masses. 

 

Adrenal rest tumors in CAH have also been reported to 

have occurred at the renal hilar region and in the 

retroperitoneum with encasement of the aorta and renal 

arteries [49, 50]. Successful use of F-18 fluorodeoxyglucose 

(FDG) positron emission tomography (PET) in detecting 

adrenal rest tumors have been reported in two cases, one in the 

ovaries and the other in the para-ovarian tissues [47, 51]. In 

the latter case, the lesions were undetectable in the initial PET 

scan but showed high uptake in the second PET scan which 

was preceded by injection of Cosyntropin, which is a synthetic 

analogue of ACTH. 

 

Polycystic ovaries 

Increased prevalence of polycystic ovaries has been 

shown by Hague et al. [52]. They found 85% (29 of 34) adults, 

40% (4 of 10) post-pubertal girls (aged 11-16) and 3% (1 of 

31) pre-pubertal and peri-pubertal girls (aged 0.1-13 years) 

who had CAH had polycystic ovaries on sonography. 

Stikkelbroeck et al. however found only 15.4% (2 of 13) CAH 

patients aged 14.8-24.5 years had sonographic polycystic 

ovaries, which was similar to the incidence in the general 

population [44]. It is noteworthy that different hormonal 

control and imaging criteria used may have led to different 

results in these studies. 

 

Brain lesions 

Increased prevalence (27-45%) of abnormal white matter 

T2 or FLAIR hyperintensities in the brain, typically at the 

periventricular region has been reported [53-56]. An 

association with temporal lobe structure dysgenesis including 

amygdala atrophy and hippocampal dysgenesis has also been 

reported [53, 57]. Evidence on how these are associated with 

neuropsychological disturbances is scanty and inconclusive. 

The cause and clinical significance of these have yet to be 

fully elucidated. 

 

Skeletal system 

Advanced skeletal maturation with early epiphyseal plate 

closure and short resultant final height are common in CAH. 

Bone age advanced by 2-3 years is common in children with 

classical CAH. Advanced bone age is more pronounced in 

boys and in the simple virilizing form [58]. A final height of 

1.55 and 1.25 standard deviations below mean were observed 

for boys and girls respectively in one study [58]. There is also 

increased prevalence of osteopenia and osteoporosis in CAH 

patients older than 30 years of age and in postmenopausal 

women with CAH compared to healthy controls, postulated to 

be related to gluccocorticoid over-treatment [59]. Bone 

mineral density in children and young adults are generally 

normal [59]. 

 

Prostate gland development in female CAH patients 

The paraurethral Skene gland in the female is homologous 

to the prostate gland in the male [60-62]. Although it has been 

shown that androgen excess could stimulate prostate gland 

development in females, the conditions such as timing with 

respect to embryological development, duration, androgen 

level and underlying genetic predisposition required for this to 

happen are still uncertain [63]. To the best of our knowledge, 

there are to date 11 published articles documenting 

development of prostatic tissue in female CAH patients with a 

total of 16 reported cases [64-74], making our patient the 17th 

case. Only one case of adenocarcinoma of the prostate and one 

case of benign prostatic hypertrophy in female CAH patients 

have been reported [67, 68]. In the largest study by Paulino 

Mda et al., 15.6% (5 out of 32) of female patients with 

classical CAH had MRI evidence of prostate gland 

development [66]. However in the series by Doherty et al., all 

11 adult female CAH patients who underwent pelvic MRI had 

no evidence of prostate gland development despite 7 of them 

had marked androgen excess [75]. If the true prevalence is 

anywhere close to that reported by Paulino Mda et al., then 

this phenomenon is very much under-reported. 

 

In the study by Paulino Mda et al., all female CAH 

patients with MRI visible prostate gland development had a 

prostate specific antigen (PSA) level of >0.1ng/mL [66]. PSA 

has also been recently found to be a marker for 

hyperandrogenism in females outside the context of CAH [76-
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79]. However, elevated levels could also result from breast 

fibroadenomas and cysts [80]. Whether the imaging 

appearance of the Skene/prostate gland in females may also 

serve as a marker for hyperandrogenism outside the context of 

CAH may be worth exploring. 

 

Although our patient showed such a sizable prostate gland 

on CT, it was deemed at most only partly responsible for his 

urinary symptoms, with the most likely cause being repeated 

episodes of urinary tract infection related to his lower urinary 

tract malformation. The extreme case of acute retention of 

urine due to prostate enlargement in a female CAH patient has 

only been reported once in the literature [68]. 

 

Treatment and prognosis 

The mainstay of treatment for all forms of CAH is 

corticosteroid replacement. The salt losing form is typically 

fatal without treatment. Prognosis is generally good with 

adequate treatment. A significant cause of mortality is 

inadequate treatment particularly during times of stress such as 

infection especially in early childhood [81]. Fertility can be 

achieved with treatment in both female and male. In affected 

pregnancies, corticosteroid replacement in the mother can 

prevent ambiguous genitalia in the female fetus. Short final 

height is unfortunately common in the classical forms despite 

treatment [58, 59]. Other sources of morbidity may arise from 

metabolic consequences of under- or over-treatment such as 

obesity, insulin resistance, hypertension and osteoporosis [59]. 

 

Differential diagnosis 

The appearance of the adrenal glands in CAH is 

indistinguishable from that in ACTH dependent Cushing 

syndrome, which comprises Cushing's disease (pituitary 

ACTH producing adenoma) and ectopic ACTH. This is 

expected as the changes in adrenal morphology are due to the 

same cause, i.e. chronically increased ACTH levels. Cushing's 

disease and ectopic ACTH are however clinically evidently 

different from CAH as they present with hypercortisolism 

instead. Primary adrenal hyperplasia, typically presenting as 

Conn's syndrome, is another differential which may have 

similar adrenal morphology but has distinguishably different 

biochemical profile. Differentiating between these entities is 

beyond CT or MRI and has to rely on biochemistry. 

 

As for the solitary adrenal mass in our patient, the large 

size and intense contrast enhancement raised suspicion for 

phaeochromocytoma. Although rapid contrast washout of 

>60% (absolute) at 15 min delayed scan is generally 

diagnostic of adenomas, phaeochromocytomas are known to 

overlap with adenomas in this regard. This differential was 

however considered unlikely given the non-elevated 

catecholamine levels and normal blood pressure. Malignancy 

was also a consideration given the large size, pre-contrast 

attenuation >30HU and lack of intralesional macroscopic fat 

which if present would suggest myelolipoma which is typically 

large. But the largely homogenous texture, well defined 

regular outline and rapid contrast washout were features 

against malignancy. 

 

As for the presence of a uterus in a phenotypic male, the 

differentials include true hermaphroditism and other intersex 

conditions, all of which are extremely rare. 

 

However, when bilateral diffuse adrenal enlargement is 

combined with presence of a uterus in a phenotypic male, the 

only unifying diagnosis is CAH in a female patient. 

 

 

 

 

Congenital adrenal hyperplasia (CAH) is a metabolic 

disease with imaging manifestations in various organ systems. 

When bilateral diffuse adrenal enlargement is seen in 

combination with presence of a uterus in a phenotypic male, 

the only unifying diagnosis is CAH in a female. Do not be 

surprised if a prostate gland is seen.   

 

 

 

 

1. Nimkarn S, Lin-Su K, New MI. Steroid 21 hydroxylase 

deficiency congenital adrenal hyperplasia. Pediatr Clin 

North Am. 2011 Oct;58(5):1281-300. PMID: 21981961 

 

2. Pang S. Newborn screening for congenital adrenal 

hyperplasia. Pediatr Ann. 2003 Aug;32(8):516-23. PMID: 

12942894 

 

3. Phyllis W. Speiser, Perrin C. White. Congenital Adrenal 

Hyperplasia. N Engl J Med 2003; 349:776-788. PMID: 

12930931 

 

4. Bryan PJ, Caldamone AA, Morrison SC, Yulish BS, Owens 

R. Ultrasound findings in the adreno-genital syndrome 

(congenital adrenal hyperplasia). J Ultrasound Med. 1988 

Dec;7(12):675-9. PMID: 3070057 

 

5. Witchel SF, Azziz R. Nonclassic congenital adrenal 

hyperplasia. Int J Pediatr Endocrinol. 2010;2010:625105. 

PMID: 20671993 

 

6. Hauffa BP, Menzel D, Stolecke H. Age-related changes in 

adrenal size during the first year of life in normal newborns, 

infants and patients with congenital adrenal hyperplasia due 

to 21-hydroxylase deficiency: comparison of ultrasound and 

hormonal parameters. Eur J Pediatr. 1988 Oct;148(1):43-9. 

PMID: 2973986 

 

7. Menzel D, Hauffa BP. Changes in size and sonographic 

characteristics of the adrenal glands during the first year of 

life and the sonographic diagnosis of adrenal hyperplasia in 

infants with 21-hydroxylase deficiency. J Clin Ultrasound. 

1990 Oct;18(8):619-25. PMID: 2172308 

 

8. Sivit CJ, Hung W, Taylor GA, Catena LM, Brown-Jones C, 

Kushner DC. Sonography in neonatal congenital adrenal 

hyperplasia. AJR Am J Roentgenol. 1991 Jan;156(1):141-3. 

PMID: 1898548 

 

 

REFERENCES 

TEACHING POINT 



 

Radiology Case. 2013 Dec; 7(12):26-34 

Genitourinary Radiology Prostate gland development and adrenal tumor in a female with congenital adrenal hyperplasia: 
A case report and review from radiology perspective 

Fang et al. 

Jo
u

rn
al

 o
f 

R
ad

io
lo

g
y

 C
as

e 
R

ep
o

rt
s 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

  

     

w
w

w
.R

ad
io

lo
g
y
C

ases.co
m

 

26 

9. Al-Alwan I, Navarro O, Daneman D, Daneman A. Clinical 

utility of adrenal ultrasonography in the diagnosis of 

congenital adrenal hyperplasia. J Pediatr. 1999 

Jul;135(1):71-5. PMID: 10393607 

 

10. Hernanz-Schulman M, Brock JW 3rd, Russell W. 

Sonographic findings in infants with congenital adrenal 

hyperplasia. Pediatr Radiol. 2002 Feb;32(2):130-7. PMID: 

11819084 

 

11. Chambrier ED, Heinrichs C, Avni FE. Sonographic 

appearance of congenital adrenal hyperplasia in utero. J 

Ultrasound Med. 2002 Jan;21(1):97-100. PMID: 11794409  

 

12. Cassart M, Massez A, Donner C, Heinrichs C, Avni F. 

Sonographic diagnosis of fetal adrenal hyperplasia: utility 

for prenatal corticotherapy. Prenat Diagn. 2005 

Nov;25(11):1060-1.  PMID: 16299831 

 

13.  Saada J, Grebille AG, Aubry MC, Rafii A, Dumez Y, 

Benachi A. Sonography in prenatal diagnosis of congenital 

adrenal hyperplasia. Prenat Diagn. 2004 Aug;24(8):627-30. 

PMID: 15305351 

 

14. Esser T, Chaoui R. Enlarged adrenal glands as a prenatal 

marker of congenital adrenal hyperplasia: a report of two 

cases. Ultrasound Obstet Gynecol. 2004 Mar;23(3):293-7. 

PMID: 15027021 

 

15. Sivan E, Koch S, Reece EA. Sonographic prenatal 

diagnosis of ambiguous genitalia. Fetal Diagn Ther. 1995 

Sep-Oct;10(5):311-4. PMID: 7576169 

 

16. Bromley B, Mandell J, Gross G, Walzer TB, Benacerraf 

BR. Masculinization of female fetuses with congenital 

adrenal hyperplasia may already be present at 18 weeks. Am 

J Obstet Gynecol. 1994 Jul;171(1):264-5. PMID: 8030711 

 

17. Avni EF, Rypens F, Smet MH, Galetty E. Sonographic 

demonstration of congenital adrenal hyperplasia in the 

neonate: the cerebriform pattern. Pediatr Radiol. 

1993;23(2):88-90. PMID: 8516050 

 

18. Pinhas-Hamiel O, Zalel Y, Smith E et al. Prenatal 

diagnosis of sex differentiation disorders: the role of fetal 

ultrasound. J Clin Endocrinol Metab. 2002 

Oct;87(10):4547-53. PMID: 12364433 

 

19. Cheikhelard A, Luton D, Philippe-Chomette P, et al. How 

accurate is the prenatal diagnosis of abnormal genitalia? J 

Urol. 2000 Sep;164(3 Pt 2):984-7. PMID: 10958723 

 

20. Harinarayana CV, Renu G, Ammini AC, et al. Computed 

tomography in untreated congenital adrenal hyperplasia. 

Pediatr Radiol. 1991;21(2):103-5. PMID: 2027706 

 

21. Falke TH, van Seters AP, Schaberg A, Moolenaar AJ. 

Computed tomography in untreated adults with virilizing 

congenital adrenal cortical hyperplasia. Clin Radiol. 1986 

Mar;37(2):155-60. PMID: 3698500 

 

22. Jaresch S, Kornely E, Kley H-K, Schlaghecke R Adrenal 

incidentaloma and patients with homozygous or 

heterozygous congenital adrenal hyperplasia. J Clin 

Endocrinol Metab. 1992 Mar;74(3):685-9. PMID: 1311000 

 

23. Jaresch S, Schlaghecke R, Jungblut R, Krüskemper HL, 

Kley HK. Silent adrenal gland tumors in patients with 

adrenogenital syndrome. Klin Wochenschr. 1987 Jul 

15;65(14):627-33. PMID: 3498089 

 

24. Nermoen I, Rørvik J, Holmedal SH et al. High frequency 

of adrenal myelolipomas and testicular adrenal rest tumors 

in adult Norwegian patients with classical congenital adrenal 

hyperplasia because of 21-hydroxylase deficiency. Clin 

Endocrinol (Oxf). 2011 Dec;75(6):753-9. PMID: 21689130 

 

25. Giacaglia LR, Mendonca BB, Madureira G, et la. Adrenal 

nodules in patients with congenital adrenal hyperplasia due 

to 21-hydroxylase deficiency: regression after adequate 

hormonal control. Pediatr Endocrinol Metab. 2001 

Apr;14(4):415-9. PMID: 11327375 

 

26. Reisch N, Scherr M, Flade L, et al. Total adrenal volume 

but not testicular adrenal rest tumor volume is associated 

with hormonal control in patients with 21-hydroxylase 

deficiency. J Clin Endocrinol Metab. 2010 May;95(5):2065-

72. PMID: 20190160 

 

27. Baumgartner-Parzer SM, Pauschenwein S, Waldhäusl W, 

Pölzler K, Nowotny P, Vierhapper H. Increased prevalence 

of heterozygous 21-OH germline mutations in patients with 

adrenal incidentalomas. Clin Endocrinol (Oxf). 2002 

Jun;56(6):811-6. PMID:12072053 

 

28. Mokshagundam S, Surks MI. Congenital adrenal 

hyperplasia diagnosed in a man during workup for bilateral 

adrenal masses. Arch Intern Med. 1993 Jun 

14;153(11):1389-91. PMID: 8507129  

 

29. Norris AM, O'Driscoll JB, Mamtora H. Macronodular 

congenital adrenal hyperplasia in an adult with female 

pseudohermaphroditism. Eur Radiol. 1996;6(4):470-2. 

PMID: 8798026 

 

30. Katayama Y, Kado S, Wada S, et al. A case of 17 alpha-

hydroxylase deficiency with retained menstruation. Endocr 

J. 1994 Apr;41(2):213-8. PMID: 7951571 

 

31. Nasir J, Walton C. Adrenal mass with virilization: 

importance of endocrine investigation. BMJ. 1996 October 

5; 313(7061): 872-873. PMID:8870581 

 

32. Forsbach G, Güitrón-Cantú A, Vázquez-Lara J, Mota-

Morales M, Díaz-Mendoza ML. Virilizing adrenal adenoma 

and primary amenorrhea in a girl with adrenal hyperplasia. 

Arch Gynecol Obstet. 2000 Feb;263(3):134-6. PMID: 

10763843 

 

33. Functioning adrenal adenoma in association with 

congenital adrenal hyperplasia. Rohana AG, Ming W, 

Norlela S, Norazmi MK. Med J Malaysia. 2007 

Jun;62(2):158-9. PMID: 18705452 



 

Radiology Case. 2013 Dec; 7(12):26-34 

Genitourinary Radiology Prostate gland development and adrenal tumor in a female with congenital adrenal hyperplasia: 
A case report and review from radiology perspective 

Fang et al. 

Jo
u

rn
al

 o
f 

R
ad

io
lo

g
y

 C
as

e 
R

ep
o

rt
s 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

  

     

w
w

w
.R

ad
io

lo
g
y
C

ases.co
m

 

27 

34. Nagasaka S, Kubota K, Motegi T, et la. A case of silent 

21-hydroxylase deficiency with persistent adrenal 

insufficiency after removal of an adrenal incidentaloma. Clin 

Endocrinol (Oxf). 1996 Jan;44(1):111-6. PMID: 8706282 

 

35. Azziz R, Kenney PJ. Magnetic resonance imaging of the 

adrenal gland in women with late-onset adrenal hyperplasia. 

Fertil Steril. 1991 Jul;56(1):142-4. PMID: 2065794 

 

36. German-Mena E, Zibari GB, Levine SN. Adrenal 

myelolipomas in patients with congenital adrenal 

hyperplasia: review of the literature and a case report. 

Endocr Pract. 2011 May-Jun;17(3):441-7. PMID: 21324823 

 

37. Bauman A, Bauman CG. Virilizing adrenocortical 

carcinoma. Development in a patient with salt-losing 

congenital adrenal hyperplasia. JAMA. 1982 Dec 

17;248(23):3140-1. PMID: 7143691 

 

38. Korth-Schutz S, Levine LS, Roth JA, Saenger P, New MI. 

Virilizing adrenal tumor in a child suppressed with 

dexamethasone for three years. Effect of o,p'-DDD on serum 

and urinary androgens. J Clin Endocrinol Metab. 1977 

Mar;44(3):433-9. PMID: 138687 

 

39. Chertin B, Hadas-Halpern I, Fridmans A, et al. 

Transabdominal pelvic sonography in the preoperative 

evaluation of patients with congenital adrenal hyperplasia. J 

Clin Ultrasound. 2000 Mar;28(3):122-4. PMID: 10679698 

 

40. Nabhan ZM, Eugster EA. Upper-tract genitourinary 

malformations in girls with congenital adrenal hyperplasia. 

Pediatrics. 2007 Aug;120(2):e304-7. PMID:17671041 

 

41. Finkielstain GP, Kim MS, Sinaii N, et al. Clinical 

characteristics of a cohort of 244 patients with congenital 

adrenal hyperplasia. J Clin Endocrinol Metab. 2012 

Dec;97(12):4429-38. PMID: 22990093 

 

42. Claahsen-van der Grinten HL, Hermus AR, Otten BJ. 

Testicular adrenal rest tumors in congenital adrenal 

hyperplasia. Int J Pediatr Endocrinol. 2009;2009:624823. 

PMID: 19956703 

 

43. Nagamine WH, Mehta SV, Vade A. Testicular adrenal rest 

tumors in a patient with congenital adrenal hyperplasia: 

sonographic and magnetic resonance imaging findings. J 

Ultrasound Med. 2005 Dec;24(12):1717-20. PMID: 

16301728 

 

44. Stikkelbroeck NM, Hermus AR, Schouten D, et al. 

Prevalence of ovarian adrenal rest tumors and polycystic 

ovaries in females with congenital adrenal hyperplasia: 

results of ultrasonography and MR imaging. Eur Radiol. 

2004 Oct;14(10):1802-6. PMID: 15322809 

 

45. Russo G, Paesano P, Taccagni G, Del Maschio A, 

Chiumello G Ovarian adrenal-like tissue in congenital 

adrenal hyperplasia. N Engl J Med. 1998 Sep 

17;339(12):853-4. PMID: 9750088 

 

46. Al-Ahmadie HA, Stanek J, Liu J, Mangu PN, Niemann T, 

Young RH. Ovarian 'tumor' of the adrenogenital syndrome: 

the first reported case. Am J Surg Pathol. 2001 

Nov;25(11):1443-50. PMID: 11684964 

 

47. Tiosano D, Vlodavsky E, Filmar S, Weiner Z, Goldsher D, 

Bar-Shalom R. Ovarian adrenal rest tumor in a congenital 

adrenal hyperplasia patient with adrenocorticotropin 

hypersecretion following adrenalectomy. Horm Res 

Paediatr. 2010;74(3):223-8. PMID: 20431278 

 

48. Claahsen-van der Grinten HL, Hulsbergen-van de Kaa CA, 

Otten BJ. Ovarian adrenal rest tissue in congenital adrenal 

hyperplasia--a patient report. J Pediatr Endocrinol Metab. 

2006 Feb;19(2):177-82. PMID: 16562593 

 

49. Claahsen-van der Grinten HL, Duthoi K, Otten BJ, 

d'Ancona FC, Hulsbergen-vd Kaa CA, Hermus AR. An 

adrenal rest tumor in the perirenal region in a patient with 

congenital adrenal hyperplasia due to congenital 3beta-

hydroxysteroid dehydrogenase deficiency. Eur J Endocrinol. 

2008 Oct;159(4):489-91. PMID: 18647821 

 

50. Storr HL, Barwick TD, Snodgrass GA, et al. Hyperplasia 

of adrenal rest tissue causing a retroperitoneal mass in a 

child with 11 beta-hydroxylase deficiency. Horm Res. 

2003;60(2):99-102. PMID: 12876421 

 

51. Crocker MK, Barak S, Millo CM, et al. Use of PET/CT 

with cosyntropin stimulation to identify and localize adrenal 

rest tissue following adrenalectomy in a woman with 

congenital adrenal hyperplasia. J Clin Endocrinol Metab. 

2012 Nov;97(11):E2084-9. PMID: 22904181 

 

52. Hague WM, Adams J, Rodda C, Brook CG, de Bruyn R, 

Grant DB, Jacobs HS. The prevalence of polycystic ovaries 

in patients with congenital adrenal hyperplasia and their 

close relatives. Clin Endocrinol (Oxf). 1990 Oct;33(4):501-

10. PMID: 2225492 

 

53. Mnif MF, Kamoun M, Mnif F et al. Brain magnetic 

resonance imaging findings in adult patients with congenital 

adrenal hyperplasia: Increased frequency of white matter 

impairment and temporal lobe structures dysgenesis. Indian 

J Endocrinol Metab. 2013 Jan;17(1):121-7. PMID: 

23776864 

 

54. Bergamaschi R, Livieri C, Uggetti C, et al. Brain white 

matter impairment in congenital adrenal hyperplasia. Arch 

Neurol. 2006 Mar;63(3):413-6. PMID: 16540460 

 

55. Sinforiani E, Livieri C, Mauri M, et al. Cognitive and 

neuroradiological findings in congenital adrenal hyperplasia. 

Psychoneuroendocrinology. 1994;19(1):55-64. PMID: 

9210212 

 

56. Nass R, Heier L, Moshang T, et al. Magnetic resonance 

imaging in the congenital adrenal hyperplasia population: 

increased frequency of white-matter abnormalities and 

temporal lobe atrophy. J Child Neurol. 1997 Apr;12(3):181-

6. PMID:9130092 

 



 

Radiology Case. 2013 Dec; 7(12):26-34 

Genitourinary Radiology Prostate gland development and adrenal tumor in a female with congenital adrenal hyperplasia: 
A case report and review from radiology perspective 

Fang et al. 

Jo
u

rn
al

 o
f 

R
ad

io
lo

g
y

 C
as

e 
R

ep
o

rt
s 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

  

     

w
w

w
.R

ad
io

lo
g
y
C

ases.co
m

 

28 

57. Merke DP, Fields JD, Keil MF, Vaituzis AC, Chrousos 

GP, Giedd JN. Children with classic congenital adrenal 

hyperplasia have decreased amygdala volume: potential 

prenatal and postnatal hormonal effects. J Clin Endocrinol 

Metab. 2003 Apr;88(4):1760-5. PMID: 12679470 

 

58. Hargitai G, Sólyom J, Battelino T, et al. Growth patterns 

and final height in congenital adrenal hyperplasia due to 

classical 21-hydroxylase deficiency. Results of a multicenter 

study. Horm Res. 2001;55(4):161-71. PMID: 11598369 

 

59. Reisch N, Arlt W, Krone N. Health problems in congenital 

adrenal hyperplasia due to 21-hydroxylase deficiency. Horm 

Res Paediatr. 2011;76(2):73-85. PMID: 21597280 

 

60. Tepper SL, Jagirdar J, Heath D, Geller SA. Homology 

between the female paraurethral (Skene's) glands and the 

prostate. Arch Pathol Lab Med. 1984;108:423-5. PMID: 

6546868 

 

61. Zaviacic M. Zaviacic M. The adult human female prostate 

homologue and the male prostate gland: a comparative 

enzyme-histochemical study. Acta Histochem. 1985;77:19-

31. PMID: 3933253 

 

62. Zaviacic M, Ablin RJ. The female prostate and prostate-

specific antigen. Immunohistochemical localization, 

implications of this prostate marker in women and reasons 

for using the term "prostate" in the human female. Histol 

Histopathol. 2000 Jan;15(1):131-42. PMID: 10668204 

 

63. Gomes LG, Mendonça BB, Bachega TA. Prostate 

Development in girls with congenital adrenal hyperplasia: 

effect of androgens intra-uterus or inappropriate postnatal 

hormonal control? Arq Bras Endocrinol Metabol. 2009 

Aug;53(6):695-7. PMID:23445772 

 

64. Subramanian S, Gamanagatti S, Sharma R. MR 

demonstration of a prostate gland in a female 

pseudohermaphrodite. Pediatr Radiol. 2006 

Nov;36(11):1194-6. PMID: 16912894 

 

65. Klessen C, Asbach P, Hein PA, et al. Complex genital 

malformation in a female with congenital adrenal 

hyperplasia: evaluation with magnetic resonance imaging. 

Acta Radiol. 2005;46:891-4.  PMID: 16392616 

 

66. Paulino Mda C, Steinmetz L, Menezes Filho HC, et al. 

Search of prostatic tissue in 46,XX congenital adrenal 

hyperplasia. Arq Bras Endocrinol Metabol. 2009 

Aug;53(6):716-20. PMID: 19893913 

 

67. Winters JL, Chapman PH, Powell DE, Banks ER, Allen 

WR, Wood DP Jr. Female pseudohermaphroditism due to 

congenital adrenal hyperplasia complicated by 

adenocarcinoma of the prostate and clear cell carcinoma of 

the endometrium. Am J Clin Pathol. 1996 Nov;106(5):660-

4. PMID: 8929478 

 

 

 

68. Heyns C, D Rimington, Kruger T, Falck V. Benign 

prostatic hyperplasia and uterine leiomyomas in a female 

pseudohermaphrodite: a case report. J Urol. 1987;137:1245-

7. PMID: 2438432 

 

69. Lázaro AP, de Lacerda AM, Ghiaroni J, et al. Leydig cell 

tumor in a 46,XX child with congenital adrenal hyperplasia 

due to 21-hydroxylase deficiency. Horm Res Paediatr. 

2013;79:179-84. PMID: 23445772 

 

70. Kiviat MD, Leonard JM. True prostatic tissue in 46,XX 

female with adrenogenital syndrome. Urology. 1978 

Jul;12(1):75-8. PMID: 28602 

 

71. Yeşilkaya E, Cinaz P, Bideci A, Camurdan O, Boyraz M. 

A 46XX disorder of sex development with a prostate gland 

and increased level of prostate-specific antigen. J Natl Med 

Assoc. 2008 Feb;100(2):256-8. PMID: 18300543 

 

72. Kim KR, Park KH, Kim JW, Cho KJ, Ro JY. Transitional 

cell metaplasia and ectopic prostatic tissue in the uterine 

cervix and vagina in a patient with adrenogenital syndrome: 

report of a case suggesting a possible role of androgen in the 

histogenesis. Int J Gynecol Pathol. 2004 Apr;23(2):182-7. 

PMID:15084849 

 

73. Schuhmann R. Congenital adrenogenital salt-losing 

syndrome with development of a prostate gland in a female 

infant. Dtsch Med Wochenschr. 1969 Oct 24;94(43):2229-

31. PMID:4310027  

 

74. Hochberg Z, Diamond E, Lischinsky S, Zinder O. Prostatic 

ejaculate in assigned males with 46,XX congenital adrenal 

hyperplasia. Arch Androl. 1987;19(2):187-9. PMID: 

3435197 

 

75. Doherty PJ, Friedman AA, Migeon CJ, Macura KJ, 

Salmasi AH, Lakshmanan Y. Absence of prostatic growth in 

large cohort of adult female patients with congenital adrenal 

hyperplasia. J Urol. 2012 Oct;188(4 Suppl):1588-95. PMID: 

22910261 

 

76. Vural B, Ozkan S, Bodur H. Is prostate-specific antigen a 

potential new marker of androgen excess in polycystic ovary 

syndrome? J Obstet Gynaecol Res. 2007 Apr;33(2):166-73. 

Erratum in: J Obstet Gynaecol Res. 2008 Jun;34(3):441. 

PMID: 17441890 

 

77. Wang GH, Xu RJ, Zhang ZS. Increased level of prostate-

specific antigen: a diagnostic marker of hyperandrogenism 

women. Zhonghua Nan Ke Xue. 2009 Nov;15(11):1028-30. 

PMID:20218317 

 

78. Camacho FM, López-Elorza F, Rodríguez-Rey EM, 

Coronel-Pérez IM. Prostate-specific antigen levels as 

hyperandrogenism marker in women. J Eur Acad Dermatol 

Venereol. 2009 Feb;23(2):221-3. PMID:18540987  

 

 

 

 



 

Radiology Case. 2013 Dec; 7(12):26-34 

Genitourinary Radiology Prostate gland development and adrenal tumor in a female with congenital adrenal hyperplasia: 
A case report and review from radiology perspective 

Fang et al. 

Jo
u

rn
al

 o
f 

R
ad

io
lo

g
y

 C
as

e 
R

ep
o

rt
s 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

  

     

w
w

w
.R

ad
io

lo
g
y
C

ases.co
m

 

29 

 
 

Figure 1: Sonography of the right adrenal gland of a 64 year old phenotypic male with 46XX karyotype affected by congenital 

adrenal hyperplasia. 

Abdominal ultrasound with 5MHz curvilinear probe: (a) Oblique sagittal and (b) horizontal sections through the right adrenal 

gland showed a 37x35x50mm sharply demarcated roundish mass (bounded by markers) with smooth outline, slightly 

hypoechoic to the liver and relatively homogenous except for a small internal focus of hyperechogenicity. The thickened 

medial limb of the right adrenal gland was also seen (arrows). (c) Horizontal section color Doppler image showed moderate 

vascularity over the right adrenal mass. (L: Liver; K: Right kidney; I: Inferior vena cava; S: Spine) 
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Figure 2: Computed tomography images of the adrenals of a 64 year old phenotypic male with 46XX karyotype affected by 

congenital adrenal hyperplasia. 

Left column (a,d): Pre-contrast scan. 

Middle column (b,e): Portovenous phase scan. 

Right column (c,f): 15 minutes delayed phase scan. 

Upper row images (a,b,c) are at level of the right adrenal mass. 

Lower row images (d,e,f) are at level of the adrenal glands and superior part of the adrenal mass. 

 

CT showed a large mass (white arrow heads) arising from the lateral limb of the right adrenal gland. Except for a small 

intralesional focus of hypodensity (d,e) which showed delayed phase enhancement (f), the main bulk of the mass was isodense 

to the rest of the adrenal glands in pre-contrast, portovenous phase and 15min delayed phase scans. There was no evidence of 

local tumor invasion of the adjacent organs or metastasis to the liver or lymph nodes. The rest of the right adrenal gland (long 

black arrows) as well as the left gland (short black arrows) were diffusely thickened with preserved adreniform shape and 

smooth outline, compatible with hyperplasia. 

 

(CT protocol: Voltage:120kV; Current: modulated, 120-214mA; Slice thickness: 5mm; Scanner: General Electric Lightspeed 

16 CT; Intravenous contrast: 90mL Omnipaque 300 given at 2mL/second; Portovenous phase taken at 75 seconds after 

contrast injection; Delayed phase taken at 15 minutes) 
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Figure 3: Computed tomography images of the pelvis of a 64 year old phenotypic male with 46XX karyotype affected by 

congenital adrenal hyperplasia. 

(a): Axial image at pelvis showing the uterus (short arrow) and rectum (long arrow). The uterus was mildly distended with 

hypodense fluid. 

(b): Coronal reformatted image showing the prostate gland (arrow heads) with differential zonal enhancement. 

(c): Sagittal reformatted image showing the prostate gland (arrow heads) and uterus (short arrows). The uterus was mildly 

distended with hypodense fluid. A speck of calcification could be seen within the prostate gland. 

(d): Sagittal reformatted image at a plane slightly right of (c) showing the prostate gland (arrow heads), rectum (long arrows) 

and part of the uterus (short arrows).  

(CT protocol: Voltage:120kV; Current: modulated, 120-214mA; Axial image (a) slice thickness: 5mm; Coronal and sagittal 

reformatted images (b,c,d) slice thickness: 2.5mm; Scanner: General Electric Lightspeed 16 CT; Intravenous contrast: 90mL 

Omnipaque 300 given at 2mL/second; All images were from portovenous phase scan performed at 75 seconds after contrast 

injection) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Radiology Case. 2013 Dec; 7(12):26-34 

Genitourinary Radiology Prostate gland development and adrenal tumor in a female with congenital adrenal hyperplasia: 
A case report and review from radiology perspective 

Fang et al. 

Jo
u

rn
al

 o
f 

R
ad

io
lo

g
y

 C
as

e 
R

ep
o

rt
s 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

  

     

w
w

w
.R

ad
io

lo
g
y
C

ases.co
m

 

32 

Etiology Autosomal recessive inherited enzymatic defect in cortisol biosynthesis. >90% due to 21-hydroxylase deficiency. 

Problems result mainly from corticosteroid insufficiency, androgen excess and increased adrenocorticotropin (ACTH). 

Clinical presentation is variable and depends on severity of the enzymatic defect. 

Incidence Classical forms: 

 1 in 15000-16000 live births worldwide. 

 1 in 14203 live births in US and Canada. 

 1 in 19000 live births in Japan. 

 1 in 5000 live births in Saudi Arabia 

 1 in 21270 live births in New Zealand. 

 Exceptionally high incidence in Yupik Eskimos of Alaska at 1 in 282 live births. 

Non-classical form: 

 1:1000 worldwide. 

 Up to 1:27 in Ashkenazi Jews.[1,2] 

Gender ratio No gender predilection 

Presentations Classical forms (salt wasting form and simple virilizing form): 

 Ambiguous genitalia in females; Enlarged penis in males 

 In salt wasting form: Failure to thrive, repeating vomiting, dehydration and shock early in infancy. 

 Very early puberty and accelerated growth and skeletal maturation with short final height 

 Disturbance of menstruation and impaired fertility in both sexes 

 Other signs of virilization including hirsutism, alopecia, acne, deepened voice…etc. 

Non-classical or late onset form: 

 Clitoromegaly and other signs of virilization. 

 Early puberty and accelerated growth and skeletal maturation with short final height 

 Disturbance of menstruation. 

 Impaired fertility mainly in females 

Age at 

presentation 

Neonatal screening which detects classical CAH is nowadays available in many developed countries, allowing early 

recognition and treatment. For undiagnosed patients, age at presentation depends on disease severity. Classical forms 

present earlier in life, usually in infancy or early childhood. Non-classical form presents later in life, usually late 

childhood or early adulthood but may remain asymptomatic for life. 

Risk Factors Risk is in accordance with genetic makeup of parents which is reflected in geographical and ethnical background. 

Treatment  Corticosteroid (usually glucocorticoid with or without mineralocorticoid) replacement. 

 Corrective surgery for ambiguous genitalia in girls. 

Prognosis  Salt losing form is usually fatal without treatment. With treatment, prognosis is generally good. Mortality is often due 

to inadequate corticosteroid replacement, especially during times of stress such as infection. 

 Fertility can be achieved with adequate therapy. 

 Short final height common despite treatment. 

Findings on 

imaging 

 Normal adrenal morphology in untreated adult classical CAH has not been reported. The most common adrenal 

abnormalities on imaging are bilateral adrenal gland enlargement and adrenal mass(es). Adrenal enlargement could be 

diffuse with smooth contour or nodular. Up to 82% has adrenal mass. Adenoma, myelolipoma and hyperplastic 

macronodules are among the known predisposed adrenal masses.  

 Phenotypic males who are actually female CAH patients may present with bilateral cryptorchidism for sonographic 

localization of testes. Imaging would reveal normal female pelvic organs. 

 Female patients with ambiguous genitalia due to CAH have increased risk (~21%) of upper urinary tract abnormalities 

including vesicoureteric reflux, hydronephrosis and duplicated collecting system. 

 Advanced bone age by 2-3 years is common in classical CAH. 

 Increased prevalence of osteopenia and osteoporosis in adults >30 years of age and in post-menopausal women. 

 0-15.6% females with classical CAH have MRI evidence of prostate gland development. 

 Male patients with classical CAH are predisposed (~33% in 4-18 year-olds and ~44% in >18 year-olds) to testicular 

adrenal rests tumors (TART) due to ACTH hyperstimulation. These are bilateral in 80% cases. At sonography, these 

appear as multiple hypoechoic nodules at the testicular hilar region. Later may show hyperechogenicities due to fibrosis 

and fatty infiltration. On MRI, these are hypointense on T2W and isointense to slightly hyperintense on T1W imaging 

and diffusely enhance. 

 Adrenal rest tumors rarely occurred in the ovaries, para-ovarian tissues and retroperitoneum. Increased uptake on F18-

Fluorodeoxyglucose-PET especially after Cosyntropin injection has been reported. 

 Increased incidence of polycystic ovaries detected on sonography in up to 85% adults, 40% post-pubertal girls (aged 

11-16) and 3% pre-pubertal and peri-pubertal girls (aged 0.1-13 years). 

 Increased prevalence (27-45%) of abnormal cerebral white matter T2/FLAIR hyperintensities. Also higher incidence of 

dysgenesis of temporal lobe structures including amygdala atrophy and hippocampal dysgenesis. 

 

Table 1: Summary table for congenital adrenal hyperplasia (CAH) 
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 General features USG/CT/MRI Nuclear scan 

Congenital adrenal 

hyperplasia (CAH) 
 Virilization, hypocortisolism, 

hypoaldosteronism 

 Variable diffuse enlargement of bilateral glands 

with or without hyperplastic nodules. 

 Associated with adenomas and myelolipomas. 

 Coiled or “cerebriform” gland may be seen in 

infants and antenatal fetal ultrasound. 

 

Adrenocorticotropic 

hormone (ACTH) 

dependent Cushing 

syndrome – 

Cushing’s disease 

(pituitary adenoma) 

and ectopic ACTH 

 Hypercortisolism  Variable diffuse enlargement of bilateral glands 

with or without hyperplastic nodules. 

 Nodules >1cm in 18% in Cushing’s disease and 

30% in ectopic ACTH. 

 Nodules are usually T1W and T2W isointense 

to normal parts of the gland. 

 

Adrenocorticotropin

-independent 

macronodular 

adrenal hyperplasia 

(AIMAH) 

 Hypercortisolism, mild in many 

cases. 

 Rare 

 Both glands massively enlarged with multiple 

hyperplastic nodules 0.1-5.5cm in size. 

 Internodular parts of glands usually distorted 

and obscured, but if visible, may be normal, 

hypoplastic or hyperplastic. 

 Nodules are T1W hypointense and usually T2 

hyperintense to liver. 

 Bilateral increased 

uptake on 131I-

iodomethylnorcholest

erol scintigraphy. 

Adrenal hemorrhage  Associated with trauma, stress, 

bleeding diatheses and underlying 

adrenal tumors including 

myelolipoma, hemangioma, 

pheochromocytoma, adenoma, 

adrenocortical carcinoma and 

metastasis 

 20% bilateral in non-traumatic 

cases. 

 77% right side if traumatic. 

 May present as acute adrenal 

insufficiency. 

 Most common neonatal lesion of 

adrenal gland 

 Rapidly appear and evolve over serial scans. 

 Attenuation and signal intensity follow 

evolution of hematomas in general. 

 May be diffuse with preserved adreniform shape 

if small, showing peripheral tramtrack 

enhancement of normal gland. Ball-like if 

larger. 

 Can be >10cm. 

 Peri-glandular infiltration in acute phase. 

 May show active extravasation. 

 Cystic appearance later with rim enhancement. 

 Resolves over time or in chronic cases appear as 

thin-walled pseudocyst which are mostly 

unilocular and may be peripherally calcified. 

 Post-insult gland may atrophy  

 

Granulomatous 

infection 
 Tuberculosis, histoplasmosis, 

blastomycosis 

 Bilateral adrenal gland destruction 

eventually leads to Addison’s 

disease 

 Enlargement in acute phase. Mass like in 50-

65%, adreniform in 35-50%. 

 More commonly homogenous in unenhanced 

CT with one-third heterogeneous. 

 Peripheral enhancement with central necrosis in 

40-50% in contrast enhanced scan. May also show 

heterogeneous gland enhancement. 

 Cystic change, calcifications and atrophy in 

chronic phase. 

 

Metastases  Lung, breast and colon, renal 

cancers and melanomas are the 

most common primaries. 

 50-75% chance an adrenal mass is 

a metastasis if known history of 

malignancy. Unlikely if no history 

of malignancy. 

 Ill-defined outline and heterogeneous density 

are more common in metastases than in benign 

entities. 

 Typically >10 HU on unenhanced CT and do 

not show signal loss on chemical shift imaging. 

 Slow contrast washout. 

 High uptake on F18-

FDG-PET, showing 

100% sensitivity and 

98% specificity for 

differentiating 

malignant from benign 

adrenal neoplasms 

 

Table 2: Differential diagnosis table for diffuse bilateral adrenal enlargement [82-88] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Radiology Case. 2013 Dec; 7(12):26-34 

Genitourinary Radiology Prostate gland development and adrenal tumor in a female with congenital adrenal hyperplasia: 
A case report and review from radiology perspective 

Fang et al. 

Jo
u

rn
al

 o
f 

R
ad

io
lo

g
y

 C
as

e 
R

ep
o

rt
s 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

  

     

w
w

w
.R

ad
io

lo
g
y
C

ases.co
m

 

34 

 

 

 

ACTH: Adrenocorticotropic hormone 

CAH: Congenital adrenal hyperplasia 

CT: Computed tomography 

FDG: Fluorodeoxyglucose 

HU: Hounsfield unit 

MRI: Magnetic resonance imaging 

OART: Ovarian adrenal rest tumor 

PET: Positron emission tomography 

TART: Testicular adrenal rest tumor 
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