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Abstract

Introduction: Primary pigmented nodular adrenocortical disease (PPNAD) is a rare form of 

ACTH-independent Cushing’s syndrome (CS). Half of patients with PPNAD are sporadic cases 

and the other half familial.

Material and methods: We present two patients with PPNAD confirmed by genetic analysis.

Results: In both patients there were no abnormal findings on diagnostic imaging of both adrenals 

and heart. Patients underwent bilateral two-stage adrenalectomy. Histopathological examination 

confirmed PPNAD. Genetic testing showed the following mutations in the PRKAR1A gene coding 

for the regulatory subunit type 1A of the protein kinase A enzyme: c.125dupG (patient 1) and c.

15dupT (patient 2). Both these defects lead to inactivation of the PRKAR1A protein and are 

consequently causative of PPNAD in these patients.

Conclusions: The novel mutations presented in this article are considered to be pathogenic for 

PPNAD.
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Introduction

Primary pigmented nodular adrenocortical disease (PPNAD) is a rare form of ACTH-

independent Cushing’s syndrome (CS). Primary adrenal hypercortisolism is responsible for 

10–20% of all cases of CS caused by adrenal adenomas (unilateral) and less often adrenal 

carcinomas (usually unilateral) and bilateral adrenal hyperplasia (BAHs) [1]. The latter is 

classified by the size of the nodules on high-resolution computed tomography (CT) to: 

smaller than 1 cm (micronodular hyperplasia) or larger than 1 cm (macronodular 

hyperplasia) and the presence or absence of pigmentation on pathological examination [2]. 

The most common forms of adrenal hyperplasia are: primary bilateral macronodular adrenal 

hyperplasia — PBMAH (also known as massive macronodular adrenal hyperplasia, 

MMAD) with nodules usually > 1 cm, PPNAD, and isolated micronodular adrenocortical 

disease (iMAD) with nodules < 1 cm. PPNAD may be isolated or may occur as part of 

Carney complex (CNC) with co-existent heart and skin myxomas, lentigines of skin and 

mucosa, breast fibroadenomas, and other endocrine gland tumours [3]. Mutations of the 

PRKAR1A gene coding for the regulatory subunit type 1A (R1A) of the protein kinase A 

(PKA) enzyme are responsible for the disease in most affected patients [4, 5].

Material and methods

In the article we characterize two patients with PPNAD, including the genetic testing.

Results

Case report 1

A 15-year-old Caucasian female patient was referred to the Endocrinology Department 

CMHI due to slow growth rate and excessive weight gain for about three years. She was the 

third child of healthy parents and was born full-term after an uneventful pregnancy. During 

early childhood there were no health problems, growth and development proceeded 

normally. At the age of eight years she had excision of a myxoma of the external auditory 

canal and several years later excision of a perineal myxoma.

On admission, typical features of hypercortisolism were found (central obesity, hirsutism, 

bruises, and petechiae), as well as scars after surgeries and melanosis of the anterior segment 

of the eye. Pubertal development was at Tanner stages: pubic hair 4, breast 3, no menarche 

[6].

Laboratory tests showed (Table I and II): normal morning cortisol level, loss of a circadian 

cortisol rhythm, slight increase of plasma cortisol after low-dose (0.5 mg every six hours for 

two days) and high-dose (2 mg every six hours for two days) dexamethasone suppression 

test (LDDST, HDDST- Liddle’s test), and low plasma ACTH level (4.73 pg/ml; N: 10–60). 

The urinary steroid profile showed increased excretion of free cortisol and cortisol 

metabolites and no inhibition after both LDDST and HDDST, there was a slight increase of 

cortisol metabolites after HDDST. In the abdominal USG tumour of the right adrenal gland 

was suspected, and the left adrenal gland was enlarged. Repeated ultrasound examination 

and CT showed no abnormalities of adrenals. The echocardiogram was normal. 
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Densitometry showed low bone mineral density (BMD) (total Z-score: −2,3 SD; L2-L4: 

−3,4 SD) [7, 8]. ACTH-independent CS was diagnosed with suspicion of CNC. The patient 

underwent right-sided laparoscopic adrenalectomy. Histopathological examination revealed 

typical PPNAD features (Fig. 1). Perioperative hydrocortisone (HC) therapy was performed, 

and HC was discontinued. Despite normal cortisol level, symptoms of adrenal insufficiency 

were observed (vomiting, hypotension) subsequently. The patient remained on substitutional 

HC therapy. Clinical improvement and gradual withdrawal of hypercortisolism symptoms 

were observed for six months, then she again developed symptoms of CS: weight gain (4 kg) 

and hirsutism. Laboratory tests revealed loss of a circadian cortisol rhythm (Table I). Left-

sided adrenalectomy was performed 10 months after right-sided surgery, and 

histopathological examination revealed also PPNAD features. The patient has been on HC 

and fludrocortisone replacement therapy since then. When she was 23 years old, genetic 

testing was performed, and a mutation (c.125dupG) in the PRKAR1A gene was found.

CNC was diagnosed on the basis of three main criteria (PPNAD, myxomas, melanosis of the 

anterior segment of the eye).

Case report 2

A 15-year-old male patient has been observed in the Endocrinology Outpatient Department 

since the age of 13 years due to slow growth rate and excessive weight gain. He was born 

preterm (36 week of pregnancy) as the fourth child of healthy parents. His psychomotor 

development was delayed (sitting — nine months, walking — teo years). Since his second 

year of life deteriorating visual acuity has been observed. When he was five years old, 

atrophy of both optic nerves of unknown aetiology was diagnosed. On admission to the 

Endocrinology Department CMHI, red striae on his arms and lower abdomen and acne on 

his face face were found. Pubertal development was at the following Tanner stages: genitals 

3 and pubic hair 3 [6]. The testicular volume was 6 ml/8 ml. Laboratory tests showed (Table 

I and II): loss of a circadian cortisol rhythm, low plasma ACTH level (< 10 pg/ml), increase 

of plasma cortisol after LDDST and HDDST, increase of 17-hydroxycorticosteroids in urine 

after LDDST (8%) and HDDST (36%). CNC was suspected on the basis of clinical picture 

and suspicion of heart myxoma in the echocardiogram. CRH stimulation test showed no 

increase of ACTH and cortisol after stimulation. Echocardiography showed no 

abnormalities, MRI showed adrenal glands with uneven margins, without thickening. On the 

basis of densitometry low BMD was diagnosed (total Z-score: −2,7 SD; L2-L4: −4,3 SD). 

Right-sided laparoscopic adrenalectomy has been performed (with no need of subsequent 

HC substitutional therapy). After five months acceleration of growth rate (6 cm/year), 

weight loss (6 kg), and withdrawal of stretch marks and acne were observed. During the 

following two months weight gain (4.6 kg) and pale-pink stretch marks appeared again. 

Laboratory: loss of a circadian cortisol rhythm (Table I). Steroid profile in urine revealed 

slightly increased cortisol metabolites with marked deficiency of 5α-reductase and increased 

ratio of free cortisol to cortisone. Androgens plasma levels were normal, ACTH plasma level 

was below the normal range. The patient underwent a left-sided adrenalectomy eight months 

after removal of the right adrenal gland. The diagnosis of PPNAD was confirmed by 

histopathological examination of both adrenals (Fig. 2). The patient is on HC and 
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fludrocortisone replacement therapy. Genetic testing revealed a mutation (c.15dupT) in the 

PRKAR1A gene.

Discussion

PPNAD is a histologically benign form of BAH [9], which causes CS that can be clinically 

evident or subclinical, constant, or cyclic [10]. It is the most frequent presentation of CNC in 

teens and young adults [11, 12], with the peak of occurrence in the third decade of life [13]. 

Clinical signs of CS are quite similar to those seen in patients presenting with other causes 

of hypercortisolism [13–15]. The most frequent symptoms of CS are: weight gain, central 

obesity, and slower growth rate during childhood [16]. PPNAD usually presents at a young 

age but not in infancy, whereas adrenal hyperplasia due to McCune-Albright syndrome 

usually presents in the infantile period. Other adrenocortical tumours may present before the 

age of five years, and they often manifest as precocious puberty [11, 16–18]. Hypogonadism 

is frequently observed in patients with adrenal lesions that do not secrete androgens [19].

Among 72 children with CS due to PPNAD 29% presented with short stature [13]. However, 

growth arrest is not a constant finding in children with PPNAD as emphasised by Groussin 

et al., and the classical features of CS in patients with PPNAD can be absent in childhood 

[14]. Güemes et al. in their analysis of 30 paediatric patients with CS showed that a 

decreased growth rate was observed in 36.6% of patients [10]. Growth failure was common 

in pituitary CD patients but not in ACTH-independent CS. The authors explain that while 

pure cortisol-secreting pituitary CD would inhibit growth (cortisol suppresses GH 

production [21], combined with a possible pituitary mass effect leading to GH deficiency), 

adrenal tumours causing CS may cosecrete androgens, and hence stature would be less 

affected.

According to the case reports from literature, the mean time between diagnosis of 

endogenous CS and detection of the first component of the disease is about 2–3 years (range 

between 0.2 to as much as 9 years) [11, 22–24]. The symptoms and signs of CS in PPNAD 

are insidious, the clinical manifestation may be subtle, and most patients come to medical 

attention several years after their onset [25–27]. In the presented patients this time was 3 and 

3.5 years. In the case of late diagnosis of PPNAD, osteoporosis is common [14]; in both 

analysed patients low BMD was diagnosed.

In most patients with PPNAD a paradoxical increase of cortisol level after LDDST or 

HDDST is observed; an increase in urinary free cortisol excretion on the second day of 

HDDST > 50% of the basal level usually supports the diagnosis of PPNAD [1]. It is 

established that dexamethasone paradoxically stimulates cortisol release through a 

glucocorticoid receptor-mediated effect on PKA catalytic subunits [28]. There was a 36% 

increase of serum cortisol after LDDST and 27% after HDDST in patient 2, and a non-

significant increase, instead of a decrease, was observed in patient 1.

Adrenal glands are most commonly normal or even small in size in adrenal imaging [29, 

30]. Indeed, in our patients, the adrenal glands were not enlarged in CT/MR imaging.
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Treatment recommendations for PPNAD vary. Many authors suggest bilateral 

adrenalectomy [3, 12, 31, 32]; others think that in some cases clinical and biochemical 

improvement can be achieved by unilateral adrenalectomy, and excision of the second 

adrenal gland should be considered when hypercortisolism returns [3, 26, 33]. However, the 

Endocrine Society clinical practice guidelines from 2015 recommend one-stage surgical 

resection of bilateral adrenal disorders [34].

Some rare cases have been treated with mitotane or ketoconazole. Campo et al. presented 

10-year observation of a 27-year-old female who did not agree to the surgical method — she 

was treated with mitotane with sustained regression of CS features without inducing adrenal 

insufficiency [35].

In rare patients, in whom clinical CS did not recur after unilateral adrenalectomy, loss of 

circadian cortisol rhythm can be observed in long-term follow-up, showing that despite 

apparent clinical cure the disease is indeed bilateral [26].

The reason for bilateral adrenalectomy is also the fact that in the case of unilateral surgery 

preserved adrenal tissue acts autonomously, which increases the risk of adrenal failure [36–

39]. In our patients the need for contralateral adrenalectomy occurred in 6–7 months of 

follow-up, which supports the opinion of the need of bilateral adrenalectomy.

Carney complex

CNC was first reported by JA Carney in 1985 [40]. CNC is a multiple neoplasia syndrome 

featuring endocrine, cardiac, cutaneous, and neural tumours [41]. In patients with CNC 

tumours of two or more endocrine glands are reported, including PPNAD, somatotropinoma 

and prolactinoma, testicular neoplasms, thyroid adenoma or carcinoma, and ovarian cysts 

[12, 42–48]. The diagnosis of CNC is based on clinical criteria (Table III) — it requires two 

main criteria or one main and one additional criterion.

Genetics of Carney complex

Two distinct loci for CNC are described: one on chromosome 17q22–24 (CNC1) and the 

other on chromosome 2p16 (CNC2) [4, 49]. Inactivating mutations of the PRKAR1A gene 

responsible for CNC1 are more frequent [4]. Loss of R1α function leads to increased cAMP 

stimulated total kinase activity [5]. The gene responsible for CNC2 is unknown [15]. At this 

point, there are no clear phenotypic differences between families mapping to one or the 

other locus.

To our knowledge, it is the first report of such types (c.125dupG and c.15dupT) of detected 

variants in the PRKAR1A gene. Both c.125dupG and c.15dupT variants are predicted to 

cause loss of normal protein function either through protein truncation or nonsense mediated 

mRNA decay. Based on currently available evidence, c.125dupG and c.15 dupT are 

considered to be candidates for pathogenic PRKAR1A gene variants [4, 50, 51]. However, 

the possibility they are rare benign variants cannot be excluded.
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Conclusions

Early diagnosis of endogenous hypercortisolism still poses a diagnostic challenge. Novel 

mutations presented in this article are considered to be pathogenic for PPNAD.

Genetic testing was performed in the National Institute of Health, Bethesda (intramural 

project Z01-HD008920–01). The patients were recruited under clinical protocol 95CH0059 

(which studies patients with Carney complex and related disorders) to the National Institutes 

of Health (NIH) Clinical Centre. Written, informed consent was obtained from the patients, 

and the study was approved by the Eunice Kennedy Shriver National Institute of Child 

Health and Human Development (NICHD) institutional review board. DNA was extracted 

from peripheral blood leucocytes according to commercially available protocols (QIAGEN, 

Valencia, CA).
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Figure 1. 
PPNAD, adrenal gland (patient 1). Original magnification 200×, haematoxylin and eosin 

staining
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Figure 2. 
PPNAD, adrenal gland (patient 2). Original magnification 2000×, haematoxylin and eosin 

staining
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Figure 3. 
Growth and weight chart of patient 1
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Figure 4. 
Growth and weight chart of patient 2
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Table I.

Cortisol circadian rhythm at the diagnosis and during re-manifestation of the disease after one-side 

adrenalectomy [μg/dl]

8.00 a.m. 08.30 a.m. 00.00 a.m. 00:30 a.m.

At the diagnosis Patient 1 15.2 16.2 13.7 12.6

Patient 2 23.7 22.6 27.3 22.8

During re-manifestation Patient 1 8.6 7.3 7.3 8.0

Patient 2 12.5 13.8 9.0 14.5
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Table II.

Basic hormonal investigations at the diagnosis and hormonal values after low- and high-dose dexamethasone 

(Dx) test (Liddle’s test)

Patient 1 8.00 a.m. Reference After 0.5 mg of Dx every six hours for 
two days

After 2 mg of Dx every six hours for 
two days

Cortisol [ug/dl] 15.2 5–20 15.4 15.9

ACTH [pg/ml] 4.73 10–60 2.0 < 2.0

Androstenedione [ng/dl] 409 50–370 409 512

DHEAS [ng/ml] 716 350–4300 725 917

Testosterone [pg/ml] 869 88.4–964 869 618

Patient 2 8.00 a.m. Reference After 0.5 mg of Dx every six hours for 
two days

After 2 mg of Dx every six hours for 
two days

Cortisol [ug/dl] 20.7 5–25 28.2 26.2

ACTH [pg/ml] < 10 10–50 < 10.0 < 10.0

Androstenedione [ng/dl] 338 60–380 362 452

DHEAS [ng/ml] 892 800–5600 970 —

Testosterone [pg/ml] 443 88.4–964 — —
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Table III.

Diagnostic criteria for Carney complex [41]

Clinical criteria

1 Spotty skin pigmentation with a typical distribution (lips, conjunctiva and inner or outer canthi, vaginal and penile mucosa)

2
Myxoma (cutaneous and mucosal)

a

3
Cardiac myxoma

a

4
Breast myxomatosis

a
 or fat-suppressed MRI findings suggestive of this diagnosis

b

5
PPNAD

a
 or paradoxical positive response of urinary glucocorticosteroids to dexamethasone administration during Liddle’s test

c

6
Acromegaly due to GH-producing adenoma

a

7
LCCSCT

a
 or characteristic calcification on testicular ultrasonography

8
Thyroid carcinoma

a
 or multiple, hypoechoic nodules on thyroid ultrasonography, in a young patient

9
Psammomatous melanotic schwannoma

a

10
Blue nevus, epithelioid blue nevus (multiple)

a

11
Breast ductal adenoma (multiple)

a

12
Osteochondromyxoma

a

Additional criteria

1 Affected first-degree relative

2 Inactivating mutation of the PRKAR1A gene

a
With histological confirmation

b
Based on Courcoutsakis NA et al. 1997 [52]

c
Based on Stratakis CA et al. 1999 [42]
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